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Don't  Overlook  the  Fact 

that 

The  Impact  Screen 

is  the  standard  machine  among  some  of  the  very  largest 
users  of  screens  in  the  world. 
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Ray  Con.  Copper  Alaska  Gastineau 

Chino  Copper  Braden  Copper 


It  has  become  their  standby  througji  years  of  satisfactory  service 
under  the  most  exacting  requirements  as  to  high  capacity  and 
efficiency,  low  operating  and  up-keep  e3tpense. 

If  you  do  any  screening  in  your  process  it  is  altogether  likely  the 
Impact  Screen  would  do  it  better  and  more  cheaply  than  any  other 
device.     This  probability  is  so  strong  that  you  certainly  should 

investigate. 

Pamphlet  9-B  describes  it  fuUj  and  contains  matter  well  worth  reading. 
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FRIENDLY  POSSIBILITIES  OF  ENGINEERING  SOCIETIES 

Engineers  and  masters  of  enterprise  are  waking  fast  to  the  realization 
that  there  is  something  more  in  the  relations  of  employer  and  employee 
than  mechanical  output,  which  can  be  measured  mathematically,  and  that 
the, human  side  of  service  must  receive  greater  consideration  for  the 
future.  So  much  has  been  said  and  written  on  this  subject  that  it  has 
passed  into  a  truism. 

Should  not  the  same  element,  long  neglected,  be  considered  as  of  even 
greater  importance  than  questions  of  administration  and  membership,  in 
the  plans  of  engineering  societies?  Should  mutual  service  and  interest 
end  with  mere  technical  output  by  members  and  the  rendering  of  care  and 
management  by  officers? 

The  world  is  recognizing,  as  never  before,  obligations  for  service 
to  fellowmen  due  from  all,  high  or  low,  in  rank  or  wealth.  Our  technical 
societies,  organized  for  professional  protection  and  advancement,  are, 
insensibly  to  themselves,  almost  without  conscious  intent,  widening  their 
field  of  service  to  ^lembers  and  dealing  heartily  with  questions  broader 
than  technique.  Those  who  are  doing  such  service  find  unconsciously 
more  and  more  satisfaction  in  work  so  rendered. 

The  growth  of  knowledge  that  comes  to  subaltern  engineers  or  veter- 
ans by  converse  and  contact  with  their  fellows,  working  along  and  versed 
in  the  same  subjects,  brings  interest  and  friendship.  In  this  way  are 
built  some  of  the  warmest  friendships  of  life,  coming  as  incidental  and 
pleasurable  result  of  meetings  undertaken  for  other  pmposes.    Should 

not  the  friendly  purpose,  the  desire  for  service  one  to  another,  and  es- 
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pecially  the  wish  on  the  part  of  the  established  man  and  organizations  to 
help  their  young  fellows,  be  felt  to  demand  attention  as  an  issue  of  its 
own  rather  than  as  a  by-product? 

The  thought  that  such  service  should  be  an  essential  part  of  society 
life  and  obligation  is  strong  and  growing.  It  has  shown  itself  in  criticism 
from  time  to  time  against  hard  and  indifferent  attitudes  and  routine,  as 
well  as  by  protests  that  have  taken  form  in  the  founding  of  new  societies 
having  the  social  and  the  service  feature  for  their  reason. 

In  our  Institute,  not  only  has  the  friendly  spirit  been  growing  but  the 
call  for  service  was  recognized  long  since  by  the  establishment  of  an  Em- 
ployment Department.  With  the  nation  at  war,  more  engineers  than  ever 
before  were  demanded  quickly.  The  task  of  finding  them  was  assumed 
by  Engineering  Service,  whose  mission  was  a  patriotic  attempt  to  give  the 
Government  the  right  engineer  for  the  right  place  and,  incidentally,  to 
help  the  right  man  to  find  it.  This  service  has  now,  under  a  changed 
name,  been  placed  by  the  Engineering  Council  under  the  Secretaries  of 
the  four  Founder  Societies.  As  the  Engineering  Societies'  Employment 
Bureau,  it  possesses  the  largest  cataloged  body  of  information  in  exist- 
ence regarding  engineers  of  the  country  and  will,  without  doubt,  grow 
into  a  department  of  increasing  value  that  will  carry  on  its  files  the  records 
of  the  great  majority  of  engineers  of  the  country.  To  young  engineers, 
members  or  not,  it  will  offer  services,  practically  free,  for  placement  in 
positions;  for  employers,  it  will  carry  a  body  of  men  from  which  can  be 
drawn  capacity  for  almost  any  task. 

This  is  a  forward  step  of  great  value,  which  will  be  welcomed,  espe- 
cially by  the  younger  men  of  our  Societies.  There  are  those  who  believe 
it  is  but  the  beginning  and  that  the  Societies  should  increase  their  points 
of  social  contact.  Elder  men  who  have  achieved  their  place  in  the  world 
owe  cordiality  and  acquaintance  toward  the  younger  engineers;  on  the 
other  hand,  the  younger  men  should  not  conceal  their  vanity  or  awkward- 
ness under  the  cloak  of  modesty,  but  should  show  themselves  at  all  times 
ready  to  meet,  greet,  and  show  interest  in  the  elders,  who  are  far  more 
desirous  of  knowing  and  welcoming  them  than  they  know. 

Further,  with  such  increase  of  friendly  meetings  will  come  not  only 
greater  value  to  the  members  from  their  Society  connection,  but  there 
must  and  will  grow  a  feeling  on  the  part  of  such  members,  especially  those 
who  are  younger,  that  they  have  obligations  of  service,  as  well  as  privileges, 
when  they  join  a  National  Society.  All  these  organizations  suffer  from 
the  fact  that  too  few  members  take  the  trouble  even  to  vote  at  an  annual 
election  and  but  a  small  proportion  at  any  time  attend  the  meetings. 
If  each  member  living  within  the  country  should  make  it  a  rigid  item  of 
his  annual  schedule  to  attend  at  least  one  meeting  of  the  National  Society 
to  which  he  belongs,  not  only  would  he  benefit  greatly  thereby  through 
coming  to  know  face  to  face  the  men  who  are  doing  the  bigger  things  in 
the  profession  and  the  Society,  but  he  would  find  his  own  powers  of 
influencing  other  men  growing  proportionately.  The  obligation  of 
cordiality  is  on  every  one. 

Philip  N.  Moore,  Past  President. 
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ONE  HUNDRED  NINETEENTH  MEETING  OF  THE  INSTITUTE 

Cooperation  will  be  the  keynote  of  the  meeting  of  the  Institute  that 
will  be  held  in  New  York  on  February  17  to  20.  Arrangements  are 
being  made  for  twq  joint  sessions  with  the  Canadian  Mining  Institute, 
on  the  same  day,  which  therefore  will  be  known  as  Canadian  Mining  In- 
stitute Day.  On  the  afternoon  of  Wednesday,  February  19,  there  will 
be  a  joint  session  with  the  American  Institute  of  Electrical  Engineers. 
Besides,  we  will  receive  six  or  eight  papers  through  the  National  Research 
Council,  four  of  which  will  be  presented  at  the  National  Research  Council 
Session.  In  March,  at  the  next  meeting,  of  the  Canadian  Mining  Insti- 
tute, there  will  be  an  American  Institute  of  Mining  Engineers  Day. 

The  plan  is  to  have  the  same  subjects  discussed  at  both  meetings, 
but  by  dififerent  speakers.  One  speaker  on  each  subject  will  represent 
the  Canadian  Mining  Institute,  and  one  speaker  the  American  Institute 
of  Mining  Engineers.  The  Canadians  and  the  Americans  who  will 
speak  in  Canada  are  expected  to  attend  the  discussion  in  New  York.  In 
addition  the  discussion  at  the  New  York  meeting  will  be  sent  to  Canada 
in  printed  form,  so  that  the  Canadian  discussion  will  be  a  continuation 
of  the  former. 

At  the  joint  session  with  the  American  Institute  of  Electrical  Engi- 
neers, there  will  be  presented  six  very  important  papers  on  the  subject  of 
Electric  WeldiAg,  one  by  the  Chairman  of  the  Electric  Welding  Research 
Committee  of  the  National  Research  Council,  another  by  the  Chairman  of 
the  Metallurgical  Sub-committee  of  that  same  Committee,  and  a  third 
by  Comfort  A.  Adams,  President  of  the  American  Institute  of  Electrical 
Engineers  and  Chairman  of  the  Welding  Committee  of  the  Emergency 
Fleet  Corporation. 

We  will  receive  six  or  eight  papers  through  the  National  Research 
Council.  These  papers  are  results  of  recent  investigations  and  represent 
the  last  word  in  their  respective  subjects. 

The  excursion  on  Thursday,  February  20,  will  be  to  Newark  Bay 
to  visit  the  Federal  Shipyard  where  the  first  electric- welded  ship  is 
being  built.  Philip  W.  Henry  is  chairman  of  the  excursion  committee 
of  arrangements. 

The  following  program  has  been  planned : 

Monday,  February  17,  1919 
9.00  a.  m.  to 

9.00  p.  m.       Registration  at  Institute  Headquarters. 
10.00  a.  m.        Simultaneous  Sessions  of  Institute  of  Metals  Division  and 

Industrial  Organization. 
12.30  p.  m.         Luncheon  at  Headquarters. 

2.00  p.  m.  to    Simultaneous  Sessions  of  Institute  of  Metals  Division 
5.00  p.  m.  and  of  Industrial  Organization. 

3.00  p.  m.         Visit  to  the  Morgan  Galleries. 
8.30  p.  m.         Evening  Entertainment. 

Tuesday,  February  18,  1919 

Canadian  Mining  Institute  Day 
9.30  a.  m.         Annual  Business  Meeting. 

10.00  a.  m.         Simultaneous  Sessions  on  Principles  of  Taxation  and  on 

Iron  and  Steel. 


11.00  a. 

m. 

12.00  p. 

m. 

12.30  p. 

m. 

2.30  to  6.00 

p.  m. 

3.00  p. 

m. 

8.30  p. 

m. 

10.00  a. 

m. 

10.00  a. 

m. 

11.00  a. 

m. 

12.30  p. 

m. 

2.30  p. 

m. 

2.30  p. 

m.  to 

5.00  p.  m. 

6.30  p. 

m. 

7.30  p. 

m. 
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Meeting  of  the  Women's  Auxiliary. 

Meeting  of  the  Boards  of  Directors. 

Luncheon  at  Headquarters. 

The  Directors  will  entertain  at  Luncheon  at  the  Engi- 
neers' Club,  the  distinguished  visitors. 

Discussion  of  International  Cooperation  in  Mining  in 
North  America. 

Improved  Relations  of  Capital  and  Labor. 

Uniform  Mining  Law  for  North  America. 

Visit  to  Metropolitan  Museum  of  Art  and  Senator  Clark's 
Galleries. 

Smoker. 

Wednesday,  February  19,  1919 

National  Research  Council  Session. 

Session  on  Mining,  Milling  and  Geology. 

Meeting  of  Womens'  AuxiUary. 

Luncheon  at  Headquarters. 

Matinee  for  the  Ladies. 

Joint    Session  with  American    Institute    of  Electrical 

Engineers  on  Electric  Welding. 
President's  Reception. 
Annual  Banquet  followed  by  Dancing. 

Thursday,  February  20,  1919 
All-day  trip  or  excursion. 

The  papers  that  have  already  been  accepted  for  the  next  meeting, 
and  the  Bulletin  in  which  they  appear,  are  as  follows: 

Economic  and  Geologic  Conditions  in  North  Argentine-Bolivian 
Field  of  South  America,  by  S.  C.  Herold,  September;  Petrographic 
Notes  on  Ore  Deposits  at  Jerome,  Ariz.,  by  Marion  Rice,  September; 
Notes  on  Certain  Ore  Deposits  of  the  Southwest,  by  W.  Tovote,  October. 

Mining  Methods  at  the  United  Verde  Extension  Mining  Co.,  by  C. 
A.  Mitke,  January.  A  Study  of  Shoveling  as  Applied  to  Mining,  by  G. 
T.  Harley,  February. 

Cement  Plugging  for  the  Exclusion  of  Bottom  Water  in  the  Augusta 
Field,  Kans.,  by  H.  R.  Shidel,  October;  Water  Troubles  in  the  Mid- 
continent  Oil  Fields,  and  their  Remedies,  by  D.  Hager  and  G.  W.  Mc- 
Pherson,  October;  Natural-gas  Storage,  by  L.  S.  Panyity,  January; 
Petroleum  Hydrology  Applied  to  Mid-continent  Fields,  by  Roy  O.  Neal, 
January. 

Metallographic  Investigation  of  Transverse-fissure  Rails  with  Specific 
Reference  to  High-phosphorus  Streaks,  by  G.  F.  Comstock,  November. 

Notes  on  Development  of  Grain  Boundaries  in  Heat-treated  Alloy 
Steels,  by  R.  S.  Archer,  January. 

Notes  on  Certain  Defects  as  Shown  in  Transverse  Tests  of  Nickel  Steel 
Gun  Forgings,  by  C.  Y.  Clayton,  F.  B.  Foley  and  F.  B.  Laney,  February. 

Does  Forging  Increase  Specific  Density  of  Steel?  by  H.  E.  Doerr, 
January;  Production  of  Ferromanganese  in  the  Blast  Furnace,  by  P.  H. 
Royster,  February;  Static,  Dynamic,  and  Notch  Toughness,  by  S.  L. 
Hoyt,  February;  Shimer  Case-hardening  Process,  by  J.  W.  Richards, 
February. 

Notes  on  Microstructure  of  Iron  Deposited  by  Electric  Arc  Welding, 
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by  G.  F.  Comstock  January;  Fusion  Welding  of  Mild  Steel,  by  H.  M. 
Hobart,  February. 

Volatilization  of  Cuprous  Chloride  on  Melting  Copper  Containing 
Chlorine,  by  S.  Skowronski  and  K.  W.  McComas,  February, 

Comparison  of  Grain-size  Measurements  and  Brinell  Hardness  of  Cai^ 
tridge  Brass,  by  W.  H.  Bassett  and  C.  H.  Davis,  January. 

First  Year  of  Leaching  at  New  Cornelia,  by  H.  A.  Tobelmann  and  J. 
A.  Potter,  February;  Automatic  Copper  Plating,  by  J,  W.  Richards,  Jan- 
uary; Effect  of  Temperature,  Deformation  and  Grain  Size  on  the  Me- 
chanical Properties  of  Metals,  by  Zay  Jeffries,  February;  Electric  Furnace 
Problems,  by  J.  L.  McK.  Yardley,  October;  Die  Castings  and  Their 
Application  to  Our  War  Program,  by  Charles  Pack,  February;  Two  In- 
stances of  Mobility  of  Gold  in  the  Solid  State,  by  E.  Keller,  January. 

Ball-mills  and  Fine  Grinding,  by  E,  W.  Davis,  February. 

Use  of  Cripples  in  Industry,  by  J.  P.  Munroe,  January;  Need  for 
Vocational  Schools  in  Mining  Communities,  by  J.  C.  Wright,  January; 
Einplo3rment  of  Mine  Labor,  by  H.  M.  Wilson,  January;  Psychology  Tests, 
February;  Mental  Factors  in  Industrial  Organization,  by  T.  T.  Read, 
February. 

In  addition  to  these,  a  number  of  excellent  papers  are  still  in  committee. 


MEETING  OF  THE  BOARD  OF  DIRECTORS,  NOV.  22,  1918 

The  meeting  of  the  Board  of  Directors,  on  November  22,  was  attended 
by  eight  directors,  the  Secretary  of  the  Institute,  and  eight  guests. 
The  proposed  James  Douglas  Prize  and  Tablet  was  referred  to  a  commit- 
tee of  eleven.  Robert  H.  Richards  was  appointed  representative  of  this 
Institute  to  attend  the  meeting  of  the  Society  for  the  Promotion  of  Engi- 
neering Education.  J.  V.  N.  Dorr  was  made  chairman  of  the  Finance 
Committee  in  place  of  George  D.  Barron,  resigned. 

The  sum  of  $200  was  appropriated  for  the  1918  expense  of  the 
American  Engineering  Standards  Conmiittee;  the  question  of  an  appro- 
priation for  1919  was  referred  to  the  Executive  Committee  for  study  and 
report.    The  sum  of  $50  was  appropriated  to  the  Treasurer's  clerk. 

The  following  representatives  of  the  Institute  were  elected:  W.  L. 
Saunders  to  succeed  himself  as  United  Engineering  Society  Trustee; 
R.  M.  Raymond  to  succeed  himself  as  member  of  Engineering  Founda- 
tion Board;  S.  J.  Jennings  to  succeed  himself  as  member  of  Engineering 
Council;  George  F.  Eunz  to  succeed  himself  as  member  of  Engineering 
Council;  C.  F.  Rand  to  succeed  himself  as  member  of  John  Fritz  Medal 
Board  of  Award;  E.  Gybbon  Spilsbury  to  succeed  himself  as  member 
of  the  Library  Board. 

To  members  of  the  Canadian  Mining  Institute  residing  in  Canada 
or  Newfoundland,  the  privilege  was  extended  to  subscribe  to  the  Bulletin 
at  the  price  of  $5.  An  invitation  was  extended  to  the  Mining  and  Metal- 
lurgical Society  of  America  to  consolidate  with  the  American  Institute 
of  Mining  Engineers.  The  appointment  of  Engineering  Societies' 
Employment  Bureau  was  reported. 

Thirty-nine  members  and  ten  associates  were  elected.  Two  members 
were  reinstated.  Extension  of  time  for  the  payment  of  dues  was  granted 
to  foiu*  members.  Seventeen  members  on  active  duty  at  the  front  had 
their  dues  remitted. 
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A  minute  regarding  the  eightieth  birthday  of  Past  President  Robert 
W.  Hunt  was  passed;  this  is  recorded  elsewhere  in  the  Bulletin,  The 
sum  of  $50  was  appropriated  to  the  Washington,  D.  C,  Section. 

The  title  of  the  Bulletin  was  changed  for  one  year,  to  read:  "Bulletin 
of  the  American  Institute  of  Mining  Engineers  with  which  is  consoli- 
dated the  American  Institute  of  Metals.''  It  was  resolved  that  a  bronze 
tablet  be  placed  in  the  Members'  Room  to  commemorate  the  American 
Institute  of  Metals. 


RESOLUTION  Re  ROBERT  W.  HUNT  ON  HIS  EIGHTIETH  BIRTH- 
DAY 

At  their  last  meeting,  the  Directors  of  the  Institute  passed  the  fol- 
lowing resolution  regarding  Robert  W.  Hunt,  who  was  president  of  the 
Institute  in  1883  and  1906.  This  resolution  was  engrossed  and  presented 
to  Captain  Hunt  at  a  dinner  given  to  him  in  Chicago,  December  9, 
on  the  occasion  of  his  eightieth  birthday. 

Resolution 

At  that  time  it  was  announced  that  $5000  had  been  guaranteed  as  the' 
nucleous  of  a  fund,  the  income  of  which  will  be  used  for  prizes  to  be 
awarded  each  year,  under  the  supervision  of  the  American  Institute  of 
Mining  Engineers,  for  the  best  papers  on  iron  and  steel  subjects. 

The  Board  of  Directors  of  the  American  Institute  of  Mining  Engineers 
extend  to  their  distinguished  colleague,  Robert  W.  Hunt,  a  hearty 
greeting  upon  his  eightieth  birthday  anniversary.  They  congratulate 
him  upon  his  notable  achievements  as  a  pioneer  in  the  manufacture  of 
iron  and  steel,  and  his  long  and  admirable  service  both  as  a  practical 
director  and  as  a  wise  critic  and  counselor  in  that  art.  They  remember 
with  gratitude  his  successful  administration,  for  two  separate  periods,  of 
the  Presidency  of  the  Institute,  and  they  recall  with  pride  the  honor  con- 
ferred upon  it  through  the  award  to  him  of  the  John  Fritz  Gold  Medal. 
Not  least  is  their  satisfaction  in  the  retrospect  of  forty-four  years  of  his 
membership  in  the  Institute,  with  its  unbroken  record  of  loyal  friendship 
and  delightful  companionship;  and  they  pray  that  this  record  may  be 
continued  for  happy  years  to  come. 

In  witness  whereof,  they  have  ordered  this  minute  to  be  entered  upon 
the  records  of  the  Board,  and  a  copy  duly  attested  to  be  sent  to  Captain 
Hunt. 


LOCAL  SECTION  NEWS 

WASHINGTON,  D.  C. 

Herbert  C.  Hoover,  Chairman 

H.  Foster  Bain,  Vice-chairman  David  White,   Vice-chairman 

Harvey  S.  Mudd,  Secretary-Treasurer^  Room  2114,  Dept.  of  Interior  Bldg. 

J.  F.  Callbreath       Hennen  Jennings       E.  W.  Parker        T.  T.  Read 

An  inspiring  meeting  of  the  Washington,  D.  C,  Section  was  held 
at  the  Cafeteria  of  the  Interior  Building  on  Friday  evening,  Dec.  6,  1918. 
One-hundred  and  thirty-five  members  and  guests  attended,  and  Vice- 
chairman  H.  Foster  Bain  presided. 

The  Committee  on  Nominations  reported:  for  Chairman,  Herbert 
Hoover;  for  Vice-chairmen,  Frederick  G.  Cottrell,  and  F.  L.  Ransome; 
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for  Secretary-Treasurer,  A.  G.  White;  for  members  of  the  Executive  Com- 
mittee, Anthony  F.  Lucas,  Chas.  Catlett,  Paul  D.  Merica,  and  Frederick 
W.  Wood.  These  officers  were  unanimously  elected.  The  following 
addresses  were  then  delivered: 

RECONSTRUCTION  PROBLEMS 

BT   M.    F.    CHABE 
Explosives  and  Chemical  Division,  War  Industries  Board 

\^lien  I  was  first  approached  in  resard  to  writiiiK  a  paper  on  the  subject  of  recon- 
struction problems  it  was  generally  thought  that  the  work  of  getting  the  industries 
of  the  country  back  into  peace  time  production  would  disclose  the  necessity  of  many 
changes  in  existing  methods  of  conducting  commercial  business  and  of  a  readjustment 
of  many  of  the  heretofore  established  relations  between  government  and  industry 
and  between  capital  and  labor.  At  the  time  the  armistice  was  signed  at  least  fifty 
per  cent,  of  the  mdustries  of  the  country  were  devoted  to  war  work  and  at  least  thirty 
per  cent,  were  doing  nothing  else.  The  world's  shipping  had  been  reduced  and  re- 
stricted and  the  former  peace  time  trade  routes  had  been  disturbed  and  many  of  them 
eliminated.  It  was  believed  impossible  to  revert  to  commercial  lines  without  serious 
complications,  and,  further,  that  the  war  itself  had  changed  the  status  of  commercial 
relations  to  such  an  extent  that  at  the  cessation  of  hostilities  a  new  era  would  be  com- 
menced in  which  the  old  established  methods  of  business  would  have  to  be  completely 
readjusted  in  order  to  find  markets  for  our  products  and  raw  materials  for  our  factories. 
Numerous  changes  in  laws  were  suggested  as  necessary  to  permit  of  the  proper  growth 
of  industries  under  the  new  order. 

This  idea  grew  largely  from  the  fact  that  in  the  European  countries  there  are  true 
reconstruction  problems  and  questions,  which  have,  during  the  last  two  or  three  years, 
been  studied  by  commissions  or  committees  acting  under  the  immediate  direction  of 
the  respective  governments.  Thus,  as  early  as  May,  1916,  France  was  compelled 
to  take  up  the  question  of  rehabilitating  her  invaded  and  devastated  territory  and  of 
credits  to  aid  in  the  resumption  of  agricultural  and  industrial  life.  Somewhat  later, 
Great  Britain  established  a  Ministry  of  Reconstruction,  which  has  organized  eighty- 
seven  committees  and  commissions,  each  studying  some  particular  problem  which  Eng- 
land, because  of  her  economic  dependence  on  other  countries,  must  solve  after  the 
war.  In  October,  1917,  Belgium,  faced  with  the  same  conditions  as  France,  created  a 
Ministry  of  Economic  Affairs,  under  which  rehabilitation  problems  are  being  investi- 
gated and  w^orked  out.  Italy,  too,  has  established  a  Ministry  of  Economic  Reorgani- 
zation. Similar  studies  have  been  undertaken,  to  a  greater  or  less  extent,  by  Canada, 
Russia,  Japan  and  other  countries,  both  in  Europe  and  in  South  America.  Germany 
appointed  a  commission  on  economic  transition  early  in  August,  1916,  and  numerous 
commissions  on  economics  were  thereafter  formed.  The  fact  that  the  commercial 
and  governmental  interests  of  these  foreign  countries  considered  reconstruction  prob- 
lems so  vital,  naturally  led  the  same  interests  here  to  think  that  the  United  States 
would  also  have  the  same  questions,  probably  differing  in  degree,  to  meet  and  solve. 

As  time  has  gone  on,  however,  since  the  signing  of  the  armistice,  now  almost  a 
month  ago,  it  is  becoming  more  and  more  evident  that  we  do  not  have  in  this  country 
the  problems  that  are  confronting  the  European  countries,  and  that  we  are  very 
rapidly  going  back  in  many  industries  to  peace  time  and  commercial  production  with- 
out the  disarrangement  of  business  that  was  thought  bound  to  occur.  This  in  part  is 
no  doubt  due  to  the  fact  that  we  had  only  partly  converted  the  country  to  a  war  basis 
and  we  had  been  in  the  war  for  a  much  shorter  period  than  our  associates  abroad.  It 
is  also  partly  due  to  the  fact  that  our  business  methods  have  been  such  as  to  lend 
themselves  more  readily  to  quantity  production  of  war  material  than  those  of  the 
foreif^n  countries.  We  have  proceeded  with  the  production  of  war  materials  along 
the  lines  of  well  established  Ainerican  business  principles,  and  it  has  not  been  neces- 
sary for  us,  in  order  to  meet  the  necessity  created  by  war  of  large  additional  supplies, 
to  change  radically  our  methods  of  production  or  our  methods  of  factory  management. 
Consequently,  as  we  ^o  back  to  the  production  of  commercial  articles  we  have  but 
few  changes  to  make  in  our  industrial  and  in  our  political  system.  It  is,  of  course, 
inconceivable  that  the  business  of  this  country  should  be  turned  so  completely  and 
within  such  a  short  time  to  the  production  of  war  materials  without  bringing  quite 
forcibly  home  to  us  some  of  thq  defects  that  have  existed  in  our  system.  The  correc- 
tion of  these  faults  and  defects  in  our  business  and  political  system  cannot  be  consid- 
ered reconstruction  problems,  but  are  political  and  economic  problems,  the  proper 
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solution  of  which  must  come  from  careful  study  and  consideration  of  the  rights  and 
interests  of  all  involved.  In  most  part  they  are  not  new  problems  at  all,  but  have 
been  discussed  at  length  in  the  past.  They  have  simply  been  emphasized  during  the 
war,  and  the  operation  of  war  work  has  given  us  data  and  experience  for  a  better 
solution  of  them.  It  is  quite  important  that  these  questions  and  problems  should  not 
be  confused  with  true  reconstruction  problems,  which,  from  the  very  necessity  of 
things,  must  be  solved  within  the  immediate  future,  as  the  time  of  reconstruction  is 
limited.  On  the  other  hand,  serious  errors  may  result  from  too  hasty  a  consideration 
of  questions,  the  solution  of  which  may  involve  a  fundamental  and  radical  change 
from  our  former  established  order.  In  the  minds  of  some  who  have  written  on  this 
subject,  it  would  appear  that  every  mooted  question  of  political  and  economic  policy 
should  now  be  brought  forward  as  a  reconstruction  problem  which  must  be  solved 
before  the  country  can  get  back  to  a  normal  basis.  In  this  list  have  been  included 
questions  of  the  regulation  of  public  utilities,  conservation  of  natural  resources,  tariff 
regulation,  questions  involving  changes  in  financial  system,  foreign  trade,  changes  in 
foreign  consular  service,  public  ownership  of  utilities^  educational  problems,  modifica- 
tions of  trade  laws,  regulation  of  industries,  relations  between  private  capital  and 
labor— |-in  fact,  almost  every  question  of  government  or  economics  has  had  one  or  more 
champions  earnestly  pressing  it  as  of  the  utmost  importance  to  be  solved  and  corrected 
at  the  present  time.  When  one  analyzes  the  situation,  it  will  be  seen  that  actual 
reconstruction  problems  are  extremely  few.  They  do  embrace,  of  course,  the 
disposition  to  be  made  of  the  railroads,  steamship  lines,  express  companies,  and 
telephone,  telegraph  and  cable  lines,  all  now  under  government  control.  They  em- 
brace also  the  disposition  to  be  made  of  war  risk  insurance  policies  and  certain 
matters  of  finance  and  taxation,  but  with  these  exceptions  it  is  doubtful  whether 
there  is  any  problem  at  all  of  such  pressing  need  for  solution  at  the  present  time  as 
to  warrant  classing  it  as  a  real  reconstruction  problem  in  this  country. 

The  question  that  probably  gave  the  most  immediate  and  deepest  concern  was  that 
involving  the  cancelation  of  contracts  for  war  materials.  An  unsound  policy  in  tMs 
connection  might  have  led  to  a  world  of  complications  both  financially  and  industrially, 
but  this  matter  at  the  present  time  has  proceeded  to  such  an  extent  that  we  may  almost 
feel  sure  that  complications  and  troubles  which  we  thought  would  arise  will  not  come 
to  pass,  and  that,  aside  from  legislation  that  may  be  required  to  permit  of  the  applica- 
tion of  certain  sound  and  eauitable  principles  laid  down  by  the  oifferent  war  purchas- 
ing departments,  the  problems  involved  in  this  question  will  automatically  solve 
themselves.  In  this  particular  connection,  provision  has  been  made  by  the  War 
Department  and  other  contracting  agencies  of  the  government  for  a  fair  and  equitable 
adjustment  on  all  war  contracts,  and  many  of  the  large  war  contracts  are  already  in 
the  process  of  liquidation,  and  the  demobiUzation  of  w&r  labor  is  proceeding  in  an  ex- 
peditious and  orderly  manner  without  undue  hardship  either  to  the  labor  or  to  the 
mdustries  involved.  There  is  but  little  doubt  that  as  the  readjustment  proceeds 
abroad  and  the  industrial  and  commercial  life  of  the  foreign  countnes  is  reestablished, 
we  will  have  to  modify  or  change  our  methods  and  practices  to  competitively  meet 
the  conditions  established  abroad.  It  will  be  idle  to  think  that  in  meeting  these 
we  will  not  have  to  radically  change  the  existing  order  of  things  here  in  certain  respects, 
but  it  would  appear  equally  ineffective  to  attempt  at  this  time  to  meet  conditions  that 
we  and  everyone  else  are  ignorant  of  and  can  only  guess  and  theorize  upon.  In  most 
part,  the  plans  for  reconstruction  in  the  countries  abroad  have  been  based  on  hypothe- 
ses that  may  or  may  not  be  true  in  fact,  and  it  is  inconceivable  that  plans  founded  in 
this  way  will  not  have  to  be  changed  or  abandoned  as  the  true  conditions  are  dis- 
covered, and  in  attempting  to  meet  these  conditions  the  wisest  plan  on  our  part  wiQ 
be  to  keep  fully  and  completely  advised  as  to. what  is  actually  happening  so  as  to  be 
able  to  act  quickly  and  intelligently  to  meet  each  situation  as  it  develops. 

American  institutions  are  not  bound  up  and  hampered  by  traditions  and  precedents, 
and  we  have  the  freedom  here  to  act  as  soon  as  we  are  in  possession  of  the  facts  and 
have  a  knowledge  of  the  conditions  that  we  will  have  to  meet.  At  the  present  time, 
the  greatest  service  would  be  the  establishment  of  such  agency  as  will  promptly  and 
accurately  give  to  the  country  full  and  complete  information  on  the  different  situations 
as  they  arise,  rather  than  devote  time  and  energy  to  the  solution  of  problems  that  are 
not  certain  really  to  exist.  The  correct  statement  of  any  problem  goes  far  toward 
solving  it.  Our  post-war  problems,  for  the  most  part,  cannot  be  clearly  seen  and 
stated  now.  They  are  stili  in  the  development  sta^e.  It  would  only  be  a  fortunate 
guess  that  would  visualize  them  correctly  at  this  time.  To  know  what  they  really 
are,  we  must  first  know  the  terms  and  conditions  of  peace. 

Let  us,  therefore,  be  not  too  hasty  in  proposing  reconstruction  measures.     Possi- 
bilitie8_only  surround  us  now.     We  cannot  build  on  them.     But  the  future  will 
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develop  what  the  realities  are.  Let  us  await  them  with  minds  that  are  open  and 
calm  and  ready,  confident  that  the  American  people,  possessed  of  the  spirit  of  co- 
Speration  and  sound  business  judgment  and  foresight,  will  solve  the  industrial  prob- 
lems of  the  future  as  surely  as  they  solved  the  miBtary  problems  of  the  past. 

PEACE  AND  FOOD 

BT  EDOAR  RICKARD 
U.  S.  Food  Adminiatration 

I  did  not  select  the  title  for  mv  remarks  this  evening^  that  is,  ''Food  and  Peace." 
In  fact,  I  doubt  whether  the  Food  Administration  will  give  the  American  people  any 
peace  on  food  matters  until  each  and  every  one  of  the  nations  in  Europe  have  been 
able  to  assume  normal  conditions.  To  appreciate  the  European  position,  we  have 
made  a  rough  map  which  we  call  the  "Hunger  Map  of  Ehirope."  from  this  map  you 
wiU  note  that  the  conditions  vary  all  the  way  from  famine  conditions  in  Russia  to  the 
position  of  England  and  France  with  sufficient  food  for  the  time  being  but  requiring 
their  stocks  replenished  at  the  earliest  possible  moment.  There  seems  to  be  an  im- 
pression prevailing  that  there  is  no  necessity  for  helping  these  people  because  from  all 
reports  there  is  no  actual  starvation.  This  is  an  absurd  stand.  Take  the  example  of 
Belgium,  in  which  our  American  people  have  been  most  interested,  where  it  has  been 
a  question  of  near-starvation  for  tiie  past  four  years,  and  during  that  entire  period  our 
efforts  have  been  largely  aimed  to  prevent  starvation.  If  we  had  waited  until  star- 
vation had  actuallv  taken  place,  it  would  have  been  impossible  to  transport  food  in 
time  to  avert  wholesale  death: 

When  Mr.  Hoover  formed  The  Commission  for  Relief  in  Belgium  on  the  22d 
day  of  October,  1914,  there  was  no  starvation  in  Belgium  but  conditions  were  rapidly 
tending  in  that  direction.  The  Commission  for  I^lief  in  Belgium  had  absolutely 
no  funds,  but  Mr.  Hoover  and  his  associates  arranged  immediately  for  the  purchase  of 
supplies  to  the  extent  of  $10,000,000,  pledging  their  own  credit  and  counting  on  the 
goodwiU  of  the  benevolent  world  to  see  that  these  bills  were  paid,  and  nine  days  later 
the  first  food  went  over  the  border  into  Belgium.  A  similar  condition  has  now  pre- 
sented itself.  Immediately  after  signing  the  armistice,  ,the  President  directed  Mr. 
Hoover  to  proceed  to  Europe  in  order  to  study  the  food  situation  and  to  report  to 
him  as  to  what  part  the  American  government  could  play  in  relieving  the  situation. 
There  was  no  doubt  for  a  moment  but  that  Europe  must  consider  the  United  States 
as  her  pantry,  at  least  up  to  the  time  of  the  next  narvest.  Mr.  Hoover  did  not  wait 
to  arrange  for  finances  but  immediately  delegated  a  committee  of  the*  Food  Adminis- 
tration to  arrange  to  ship  270,000  tons  of  food  representing  probably  $54,000,000  in 
value,  to  the  Mediterranean  ports  and  the  northern  ports,  consigned  to  him  for 
his  allocation.  Up  to  this  moment  the  details  for  financing  this  work  have  not  been 
arranged,  but  we  do  know  that  the  first  ships  on  this  program  have  already  passed 
Gibraltar  into  the  Mediterranean.  The  question  before  the  American  people  is  not 
as  to  how  these  arrangements  are  to  be  made  or  how  the  government  will  finance  the 
operation,  but  as  to  wnere  the  necessary  food  is  to  be  obtained.  In  1917,  the  United 
States  shipped  a  little  more  than  5,000,000  tons  of  food  to  Europe.  By  special  con- 
servation drives  last  year  we  were  enabled  to  raise  our  shipments  to  12,000,000  tons. 
This  year  we  propose  to  ship  20,000,000  tons  and  from  practically  the  same  resources, 
for  while  the  wheat  crop  is  greater  than  last  year,  the  other  cereals  are  not  so  abundant 
and  the  chief  factor  of  shortage  is  that  of  pork  and  pork  products  including  all  fats. 
This  figure  of  20,000,000  tons  represents  tne  absolute  limit  of  cargo  capacity  of  our 
own  ports  and  it  means  that  every  stevedore,  every  wharfinger,  every  dock,  and  every 
seacoast  elevator  will  be  working  to  its  full  capacity  in  order  that  we  may  fulfill  this 
program,  but  to  the  American  people  as  a  whole  it  is  a  matter  of  saving  from  their 
tables  sufficient  food  to  allow  lis  to  carry  out  this  program. 

A  general  program  of  saving  is  most  difficult  to  effect.  The  Food  Administration 
has  found  no  difficulty  in  putting  over  the  special  drives,  but  we  have  found  that  these 
special  drives  were  dangerous  in  the  extreme  in  that  our  good  people  went  far  beyond 
any  regulations  which  we  attempted  to  enforce.  To  give  you  an  instance,  when  the 
sugar  restrictions  were  placed  on  our  people,  it  was  calculated  that  at  the  rate  of  two 
pounds  per  person  per  month,  we  would  be  able  to  hold  even  on  our  stocks  and  come 
through  with  a  safe  margin  of  sugar  in  January,  but  instead  of  saving  two  pounds 
per  month,  the  householders  went  further  with  the  result  that  out  of  a  normal  con- 
sumption of  4,000.000  tons  per  annum,  our  people  saved  over  700,000  tons  of  sugar  by 
conservation.  This  put  us  in  the  position  of  having  more  sugar  on  hand  than  was 
actually  reauired  at  the  moment  and  resulted  in  liftmg  the  restrictions  from  two.to 
three  pounds  per  month,  next  from  three  to^our  pounds,  and  now  our  restrictions 
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kre  removed.  You  can  see  from  this  that  the  special  drives  rebound  against  ua  because 
our  policy  has  always  been  to  take  the  country  into  our  confidence  and  give  them  the 
benefit  of  the  stocl^  which  we  have  on  hand,  and  this  has  meant  that  we  have  been 
obliged  to  constantly  change  our  rules  almost  from  week  to  week,  causing  great 
confusion  and  unwarranted  criticism.  This  ready  response  of  the  people  is  due  to 
their  absolute  belief  in  the  fair  play  and  integrity  of  our  chief,  Mr.  Hoover,  and  we 
must  mtuntain  this  confidence  which  has  been  so  well  earned.     We  realize  that  it  is 


not  only  difficult  to  outline  a  general  thrift  program  hut  it  is  difficult  to  enforce  it, 
but  we  rely  upon  the  intelligence  of  the  American  people  to  meet  the  request  we  are 
making  for  general  conservation  in  order  that  we  may  carry  out  our  obligatioi^  to  the 
countries  abroad,  particularly  those  so  recently  released  from  the  bondage  of  t^rman 
and  Austrian  occupation.  We  want  to  see  all  of  that  portion  of  the  map  which  is 
black  now  and  which  is  rapidly  approaching  the  famine  condition,  changed  to  the 
shaded  condition  indicating  that  they  are  on  the  road  to  normal  food  supply. 

It  seems  to  me  that  a  gathering  of  engineerm  would  be  interested  in  a  review  of  the 
history  of  the  organisation  which  Mr.  Hoover,  as  a  mining  engineer,  basset  up  in  order 
to  control  our  food  conditions  in  America.     The  Commission  for  Relief  in  Belgmm, 
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which  as  a  matter  of  fact,  gave  birth  to  the  Food  Administration,  originated  in  the  ap- 
peal of  a  mining  en^eer,  Millard  K.  Shaler,  who  came  over  from  Brussels  to  London  m 
September  of  1914  m  order  to  secure  some  $200,000  worth  of  food  to  relieve  immediate 
distress  in  Brussels.  He  was  backed  by  Emile  Francqui  of  Brussels,  who  has  for  many 
veara  been  prominent  in  Belgian  mining  interests,  not  only  in  the  Far  East  but  as 
a  prime  mover  with  the  Guggenheims  m  the  Congo  in  starting  that  interesting  ven- 
ture,  "Soci6t6  Internationale  Forestidre  et  Mini^re.''  Curiously  enough,  this  same 
Mr.  Francqui  who  has  headed  the  Comity  National  (the  Belgian  partner  of  the  Com- 
mission for  Relief  in  Belgium)  was  associated  with  Mr.  Hoover  some  years  ago  in 
mining  in  China.  Shaler  was  unable  to  secure  the  immediate  relief  necessary  and  it 
was  my  particular  pleasure  to  introduce  him  to  Mr.  Hoover,  who  immediately  took  hold, 
as  I  have  recited  earlier  in  these  remarks.  The  nucleus  of  the  Food  Administration 
was  made  up  of  men  from  the  C.  R.  B. 

We  opened  offices  with  three  rooms  in  the  Willard  Hotel  in  May,  last  year.  In 
two  weeks  we  accepted  the  generous  offer  of  Mr.  Otis  Smith,  Director  of  the  Geolo^cal 
Survey,  to  occupy  certain  unused  rooms  in  this  building  (Dept.  of  the  Intenor). 
I  am  afraid  that  we  overdid  our  hospitality,  as  we  simply  overran  Mr.  Smith  and  occu- 
pied much  more  space  than  he  had  originally  intended  to  allocate  to  us  and  we  have 
often  wondered  wnether  Mr.  Smith  realized  how  he  saved  our  homeless  organization  at 
a  time  when  we  were  perplexed  as  to  where  we  could  be  quartered.  From  the  three 
rooms  at  the  Willard,  we  have  now  grown  to  occupy  two  large  temporary  buildings 
with  a  floor  space  of  150,000  square  feet,  and  in  July  our  force  in  Washington  num- 
bered close  onto  2000  and  our  force  in  the  field  nearly  6000,  making  in  all  8000  people. 
You  will  be  interested  to  know  that  this  organization  has  been  operated  without 
an  office  chart.  As  Mr.  Hoover's  staff  grew,  each  new  member  in  turn  advocated  an 
office  chart  or  what  we  would  call  in  metallurgy,  a  flow  sheet.  No  one  thought  we 
could  proceed  without  an  official  guide  designating  each  man's  title  and  position. 
While  Mr.  Hoover  was  in  policy  very  much  opposed  to  any  such  departmentalization, 
he  listened  to  the  arguments  but  was  able  in  each  case  to  show  tnat  his  method  of 
organization  would  meet  the  conditions  which  presented  themselves,  and  his  method 
of  organization  Lb  a  very  simple  one.  He  considered  that  the  whole  problem  of 
food  control  was  a  new  one  without  any  precedents  to  work  on.  It  was  impossible 
to  pick  men  equipped  with  experience  in  this  new  work,  so  he  selected  for  his  staff  men 
of  intelligence,  and  to  each  one  he  delegated  a  problem  for  solution.  It  was  stipulated 
that  in  solving  this  problem  the  associate  wno  had  it  in  hand  could  consult  freely 
with  the  other  men  and  as  a  result  of  these  conferences  four  policy  boards  came  into 
existence  almost  without  our  knowledge.  The  Boards  discuss  the  policy  concerning 
the  particular  industry  with  which  they  have  to  deal  and  pass  up  their  fuial  decisions 
for  Mr.  Hoover's  approval.  On  top  of  this  we  have  an  executive  board  which  only 
functions  during  Mr.  Hoover's  alwence  from  Washington.  I  particularly  desire  to 
mention  this  matter  of  organization  because  I  believe  that  it  is  unique  in  government 
practice  and  I  leave  it  to  you  as  to  whether  it  has  effected  its  purpose. 

Now  of  the  8000  people  who  are  enrolled  in  the  Food  Administration  and  giving 
the  whole  of  their  time  to  the  Food  Administration,  there  are  over  4000  volunteers, 
and  these  volunteers  are  giving  up  the  whole  of  their  time,  paying  their  own  expenses, 
and  receiving  no  remuneration  of  any  kind  from  the  government.  Of  these  there  are 
3019  County  Food  Administrators.  As  a  matter  of  interest  (because  we  sometimes 
like  to  put  things  in  dollars  and  cents)  flaring  on  the  basis  of  what  the  government 
pays  its  Bureau  Chief  and  other  officers,  if  these  volunteers  were  paid  the  regulation 
government  salaries,  the  Food  Administration  would  cost  the  government  something 
over  $9,000,000  per  annum  over  and  above  our  present  payroll  as  against  a  total 
annual  appropriation  of  $7,500,000. 

Before  the  war,  those  of  us  who  lived  on  the  other  side  know  that  our  country 
did  not  have  any  too  good  a  reputation.  I  do  not  say  we  were  thought  dishonest. 
but  at  any  rate  we  were  thought  capable  of  committing  sharp  tricks.  You  will 
recall  that  constantly  repeated  tale  of  some  Connecticut  Yankee  who  sold  wooden 
nutmegs  in  place  of  real  ones.  They  held  that  up  as  the  standard  of  our  business 
ethics.  During  the  last  eighteen  months  they  have  conceived  an  entirely  different 
idea  of  America.  It  started  without  charitable  efforts.  Our  reputation  was  helped 
greatly  by  the  Belgian  relief,  and  then  came  the  war,  and  the  wholesale  way  in  which 
we  applied  ourselves,  and  in  which  we  made  no  bones  about  giving  up  absolutely 
everjrtning  in  order  that  the  w^ar  might  be  won.  Now  with  the  changed  conditions 
and  the  bojrg  coming  home,  there  is  some  danger  of  our  letting  up  and  rushing  over  to 
the  other  side,  taking  advantage  of  the  conditions  and  making  money  out  of  their 
unfortunate  position.  I  believe  this  should  be  prevented  and  I  think  it  can  be  by 
organizing  all  of  the  relief,  as  far  as  food  is  concerned,  under  one  responsibility  with 
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reconstruction  and  rehabilitation  under  one  head — ^to  have  it  all  flow  through  one 
channel  and  to  have  all  the  fmance  go  through  one  body;  to  set  up  a  body  similar  to 
that  which  we  have  in  the  Food  Administration  which  we  call  the  ''  Coordination  of 
Purchase  Division/'  which  would  allocate  our  food  products  for  Europe.  To  give 
you  an  idea  of  what  this  means  in  the  Food  Administration,  we  handle  all  of  the  food 
purchases  for  the  Allies,  we  handle  all  the  food  purchases  for  the  Army  and  Navy,  for 
the  Belgian  Relief  and  for  the  Red  Cross,  a  matter  of  $600,000,000  per  month,  and 
I  don't  think  anyone  has  ever  had  even  an  intimation  of  scandal  as  to  the  food  supply 
of  our  fighting  forces.  We  do  not  actually  purchase  this  food,  but  when  we  receive  a 
requisition  from  the  Allies  or  the  Army  or  the  Navy,  we  tell  tnem  where  they  can  get 
th^  food.  If  they  want  condensed  milk  we  can  meet  their  requirements  from  Cali- 
fornia or  Oregon  if  it  is  desired  in  the  west,  or  if  it  is  desired  in  Chicago  or  on  the 
Atlantic  coast  we  meet  the  requirement  from  some  nearby  point.  This  Administration 
has  allocated  all  the  food  purchases  made  in  America  dunng  the  last  year  and  we  feel 
that  just  such  an  organization  should  handle  our  trade  abroad.  I  do  not  see  why  it 
would  not  be  a  great  benefit  to  our  own  merchants.  It  would  stabilize  prices  and 
eliminate  all  the  cost  of  competitive  selling  and  we  would  be  able  to  determine  prices 
by  consultation  with  the  trades  as  the  Food  Administration  operates  now.  I  am  not 
able  to  say  whether  this  will  come  about.  It  is  almost  too  Utopian  to  think  about  but 
I  do  think  the  American  people  today  are  idealistic  enough  to  see  such  an  immense 
organization  put  through,  and  put  through  by  a  man  whom  we  all  love,  and  that  is  Mr. 
Hoover. 

SOME  INTERNATIONAL  FEATURES  OF  THE  MINERAL  SITtTATION* 

BT  C.  K.  LEITH 
Mineral  Adviser  to  Shipping;  and  War  Industry  Boards 

C.  K.  Leith  first  outlined  briefly  the  relation  of  mineral  raw  materials  to  a  possible 
league  of  nations,  and  then  added :  Any  economic  scheme  of  international  control 
concerns  principally  the  exportable  surplus  and  necessary  imports,  and  not  the  raw 
materials  consumed  within  the  country  of  origin.  It  involves  essentially  the  allo- 
cation of  exportable  surplus  by  mutual  agreement  to  accomplish  various  purposes — ^to 
insure  that  all  are  supplied,  that  no  one  nation  ^ets  too  much,  that  the  supply  for 
enemy  countries  be  controlled,  that  no  one  nation  uses  more  than  its  share  of  the 
world's  limited  shipping,  etc.  Any  such  allocation  involves  some  curbing  of  the 
richer  and  stronger  nations.  In  regard  to  minerals,  the  sacrifice  of  the  United  States 
would  be  relatively  greater  than  that  of  any  other  country,  for  in  minerals  we  are 
well  able  to  take  care  of  ourselves  in  unrestricted  competition  for  world  trade  because 
of  large  and  varied  resources.  One  of  the  consequences  of  an  agreement  to  control 
exportable  surplus  should  be  the  abandonment  of  the  slogan  that  the  United  States 
should  mfi^e  itself  entirely  independent  in  regard  to  all  raw  materials  even  at  high  cost 
and  with  the  aid  of  protective  tariffs.  From  the  standpoint  of  conservation  of  certain 
minerals  in  which  our  supplies  are  limited^  and  in  the  interest  of  the  best  use  of  the 
world's  supplies  by  all  countries,  it  is  not  m  general  desirable  to  set  up  artificial  bar- 
riers to  international  reciprocity  in  regard  to  minerals. 

Mr.  Leith  then  cited  arrangements  for  international  control  of  certain  minerals 
already  in  effect  and  indicated  the  minerals  of  the  United  States  which  would  be  most 
affected  by  any  general  agreement  to  control  exportable  surplus.  He  concluded  that 
the  difficulties  involved  in  controlling  international  movements  of  minerals  are  many 
and  serious  and  would  weigh  heavily  on  the  United  States,  and  that  it  is  doubtful 
whether  the  United  States  is  ready  for  this  degree  of  sacrifice  of  national  self-interest 
for  the  larger  good,  but  urged  the  necessity  of  striving  for  better  international  arrange- 
ments of  some  kind  for  the  common  use  of  mineral  raw  materials. 

Mr.  Leith  closed  with  a  plea  for  a  more  comprehensive  study  of  world  mineral 
statistics  and  problems  by  the  Department  of  the  Interior  and  non-official  organiza- 
tions and  technical  papers. 

PETROLEUM  AND  RECONSTRUCTION  PROBLEMS 

BY     CHESTER     NARAMORB 
Petroleum  Technologist,  U.  8.  Bureau  of  Mines 

I  am  happy  indeed  that  the  American  Institute  of  Mining  Engineers  has  recog- 
nized this  fieki  of  technical  research  and  general  en^neering  endeavor  in  the  creation 
of  the  Committee  of  Petroleum  and  Natural  Gas  with  a  splendid  chairman,  that  real 
patriarch  among  petroleum  engineers.  Captain  Lucas. 

^This  address  will  be  printed  in  even  greater  detail  than  it  was  delivered,  in  the 
orthcoming  volume  of  MineriJ  Resources  of  the  United  States  (U.  S.  Geol.  Survey). 
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For  the  past  several  years  the  United  States  has  been  producing  each  year  approxi- 
mately 65  per  cent,  of  the  world's  production  of  crude  petroleum,  reaching  the  high 
figure  of  335.000.000  barrels  during  1917.  It  is  also  a  noteworthy  fact  that  of  the 
total  world *s  yield  the  United  States  has  produced  about  60  per  cent.  These  figures 
will  point  out  to  you  the  commanding  lead  we  have  established  in  the  production  of 
petroleum.  In  1917,  Russia  was  our  nearest  competitor,  with  a  production  of  14  per 
cent.,  while  Mexico,  which  ia  now  considered  the  bonanza  of  the  oil  world,  furnished 
only  11  per  cent,  of  the  world's  output. 

Just  as  we  have  held  the  lead  in  the  production  of  petroleum,  so  have  we  been  to 
the  fore  in  advanced  methods  of  producing,  refining,  and  transporting.  In  the  realm 
of  research  I  know  of  no  laboratory  facilities  superior  to  those  in  use  in  this  country. 

In  general,  such  was  our  lead  in  the  petroleum  industry  upon  the  entrance  of  the 
United  States  in  the  war,  and  it  was  obviously  apparent  at  that  time  that  the  industry 
would  be  caUed  upon  for  mi^y  and  varied  demands,  which  were  met  by  the  operators 
and  refiners  in  a  most  willing  spirit. 

The  American  petroleum  'industrv  was  very  prompt  in  organizing  on  a  war 
basis  and  it  is  indeed  a  pleasure  to  be  able  to  report  tnat  it  met  every  war  requirement 
to  the  limit  of  transportation  facilities  and  storage  equipment  overseas.  Through 
the  efforts  of  the  National  Petroleum  War  Service  Committee  the  various  unitSi 
commonly  classed  as  the  ''Standard  Oil  Group"  and  the  "Independents,"  were  able 
to  form  an  efficient  working;  orp^anization.  At  a  later  date  Mr.  Requa  was  called 
upon  to  organize  the  Oil  Division  of  the  United  States  Fuel  Administration.  He 
did  so  by  gathering  around  him  a  staff  of  representative  and  able  oil  men.  These 
two  agencies  representing  the  industry  and  the  government  were  able  to  organize 
matters  so  efficiently  that  the  very  ereat  needs  of  the  Allied  and  American  forces  for 
petroleum  products  overseas  were  fully  met  and  this  was  accomplished  with  the  mini- 
mum possible  disarrangement  of  the  domestic  requirements.  Such  a  tremendous 
task  was  made  possible  by  the  closest  kind  of  codperation  on  the  part  of  all  units  of 
the  industry  and  the  government. 

It  involved  a  strenuous  campaign  to  obtain  a  maximum  production  of  crude  oil, 
which  in  turn  meant  the  securing  of  necessarv  priorities  for  casing  and  drilling  equip- 
ment. The  pipe-line  deliveries  were  speeded  up  and  greatly  increased  efficiency  was 
secured  in  tank  car  deliveries.  Refiners  cooperated  in  furnishing  the  special  prod- 
ucts needed  for  war  purposes.  The  natural  gas  industry  was  similarly  org^anized 
and  both  industries  and  the  consuming  public  were  asked  to  assist  in  the  institution 
of  a  very  comprehensive  campaign  of  conservation. 

As  a  result  of  this,  and  the  two  years  of  working  together,  it  is  now  equipped  better 
than  ever  before  to  make  a  most  efficient  commercial  utilization  of  its  entire  equip- 
ment and  resources^  because  of  better  cooperative  effort  and  increased  tonnage  of 
tank  steamers.  It  is  interesting  to  note  that  our  tanker  tonnage  shows  a  gam  of 
about  50  per  cent.,  since  early  in  1917,  with  a  gross  dead  weight  of  1,360,000  tons  on 
November  15,  1918.  This  is  fortunate  because  there  will  be  an  increased  demand  for 
gasoline  and  lubricants  for  internal  combustion  engines  both  at  home  and  abroad. 
Such  a  statement  is  based  upon  general  observations  of  very  greatly  increased  utiliza- 
tion of  internal  combustion  engmes,  and  on  the  extent  that  petroleum  was  utilized 
in  winning  the  war. 

The  wonderful  service  which  petroleum  rendered  to  civilization  in  the  war  can- 
not be  grasped  in  a  moment,  nor  oe  understood  by  one  not  familiar  with  the  extent 
that  it  served  as  a  medium  of  locomotion  for  the  vast  armies  and  the  overwhelming 
tonnage  of  munitions  and  supplies  which  had  to  be  moved  to  maintain  the  armies 
in  action. 

As  a  source  of  power  it  functioned  in  all  of  the  important  mechanical  contrivances 
Uiat  stand  out  as  important  factors  of  the  war,  whet  tier  on  land,  water,  or  in  the  air. 
Eliminate  petroleum  and  you  would  have  eliminated  the  submarine,  the  fast  destroyers, 
the  best  battleships,  the  auto,  the  tractor,  the  tank^  the  motor  ambulance,  the  motor 
truck,  and  the  aircraft.     What  a  stupendous  contnbution  to  modem  warfare! 

The  airplane,  the  submarine,  ana  the  tank,  each  stands  forth  very  clearly  in  the 
average  man's  picture  of  recent  great  events.  But.  to  those  whose  duty  it  was  to 
supply  the  fuel,  it  ia  clearly  evident  that  the  humble  motor  truck  functioned  to  an 
extent  not  measurable  in  any  but  superlative  terms. 

TruckSj  trucks,  and  more  trucks,  ever  present  from  the  channel  ports  to  the  Adri- 
atic, constituting  a  main  artery  that  earned  the  life  blood  of  the  armies,  whether  in 
men,  munitions,  or  supplies.  This  applies  directly  to  reconstruction  problems,  be- 
cause it  means  when  the  troops  return  the  greatly  increased  use  of  the  motor  truck 
for  every  conceivable  future  transport  problem  both  in  Europe  and  America;  yes, 
and  in  South  Africa  and  Australia. 
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Previous  to  the  war,  apparently  the  only  limit  to  the  number  of  motor  cars  ab- 
sorbed by  the  public  was  the  number  which  the  automobile  industry  could  build. 
The  motor  truck,  on  the  other  hand,  had  proved  its  worth  most  conspicuously  in  our 
commercial  centers;  the  millions  of  men  across  the  sea  who  represent  the  best  blood 
of  each  nation  have  become  accustomed  to  depending  upon  the  long  trains  of  motor 
lorries  for  their  every  want.  Accordingly,  when  they  return  home  they  will  auto- 
matically think  of  transport  problems  in  terms  of  truck  loads  as  well  as  tons. 

Consider  this  universal  use  of  trucks  with  the  unrestricted  manufacture  of  auto- 
mobiles, and  the  problem  from  an  engineer's  point  of  view  becomes  one  of  unlimited 
road  building.  Good  roads,  with  permanent  bridges,  and  new  regulations  as  to  road 
maintenance  and  repair  must  materialize.  In  fact,  it  means  a  complete  revolution 
in  the  attitude  of  many  communities  toward  expenditures  for  roads  that  will  stand 
the  traffic  wear  of  fast  moving  4-  and  5-ton  (and  even  larger)  trucks.  Many  of  the 
so-called  permanent  highways,  of  which  certain  states  are  so  justly  proud,  are  perma- 
nent only  in  a  relative  sense  and  even  though  they  represent  expenditure  of  millions 
they  will  not  be  found  serviceable  for  severe  freight  transport.  I  will  let  your  fancy 
picture  the  further  problems  immediately  ahead  in  the  fields  of  engineering,^  financing, 
and  maintenance. 

Tractors  are  merely  another  branch  of  the  one  great  field  of  automotive  endeavor 
and  their  more  extensive  use  is  an  assured  fact.  Their  successful  adaptation  to  farm 
use  will  spread  with  increasing  rapidity  as  the  knowledge  of  the  internal  combustion 
motor  becomes  more  and  more  general. 

I  will  leave  the  possible  extensive  development  of  the  aircraft  without  comment, 
except  to  remind  you  that  in  Britain,  France,  Italy,  and  our  own  country  the  building 
of  internal  combustion  engines  of  various  types  has  been  intensified  to  a  degree  second 
perhaps  only  to  the  manufacture  of  guns  and  munitions.  Accordingly,  ii  the  skilled 
labor  and  equipment  needed  for  their  manufacture  is  available,  internal  combustion 
engines  will  be  built  in  ever  increasing  numbers,  and  the  fuel  at  home  and  abroad 
must  be  provided  to  operate  them. 

Turnmg,  for  an  instant,  to  the  future  demands  of  fuel  oil,  your  attention  is  called 
to  the  fact  that  during  the  past  summer  the  fuel  oil  problem  has  been  the  cause  of  as 
much  or  more  worry  to  Mr.  Requa  as  the  supply  of  gasoline,  but  much  of  that 
supply  was  for  strictly  navy  use,  so  tor  the  time  being  the  fuel  oil  situation  is  much 
easier,  but  the  improved  condition  is  for  a  period  only.  This  demand  will  undoubt- 
edly increase  when  a  great  number  of  the  merchant  marines  now  on  the  ways  are  put 
into  service.  It  is  not  necessary  to  dwell  upon  the  advantages  of  oil  over  coal  as  ^a 
fuel  upon  the  seas.  For  instance,  it  is  much  easier  to  handle,  requires  less  bunker 
space,  a  smaller  complement  of  men,  and  also  enjoys  a  great  many  other  advantages 
with  which  all  of  you  are  familiar. 

To  guarantee  the  perpetuation  of  the  several  tremendous  industries  in  which  the 
internal  combustion  motor  functions,  including  automobile  trucks,  tractors,  motor 
boats,  and  aircraft,  an  unlimited  supply  of  petroleum  is  a  basic  necessity,  and  to 
further  guarantee  the  life  of  the  above  industries  a  campaign  for  the  conservation  of 
petroleum  products  should  be  continued  and  needless  losses  should  be  prevented. 

The  popular  conception  that  there  will  be  a  permanent  decrease  in  the  demands 
of  petroleum  after  the  signing  of  peace  is  erroneous.  Bear  in  mind  for  a  moment 
that  in  France  and  England  for  the  past  year  every  gallon  of  gasoline  used  has  been 
for  war  purposes,  and  every  day  was  a  gasolineleas  day.  With  the  lifting  of  this 
ban  undoubtedly  any  surplus  of  gasoUne  will  be  readily  consumed  by  the  civilian 
population. 

Coming  now  to  the  fourth  point  under  consideration,  namely,  the  suggested  means 
of  maintaining  our  lead  in  the  petroleum  world,  we  are  at  once  confronted  with  the 
problem,  how  will  the  industry  meet  the  future  demands  for  petroleum?  A  great 
many  men  have  predicted  in  the  past  that  each  year  the  maximum  production  would 
be  reached,  and  it  seems  very  obvious  to  those  who  are  close  students  of  the  game  that 
we  cannot  expect  aliy  material  increase  in  production  over  that  of  the  present  year, 
1918.  To  our  best  knowledge,  outside  of  Northern  Texas,  certain  parts  of  Oklahoma, 
and  Wyoming,  the  oil  fields  of  the  United  States  have  been  explored  to  a  very  large 
extent.  Optimistically  assume  that  the  production  will  remain  constant  for  the  next 
several  years,  and  assume  that  consumption  will  not  increase  for  the  next  few  vears. 
How  then  will  we  make  up  the  deficit  of  52,000,000  barrels  as  of  1917,  21,000,000 
barrels  of  which  were  drawn  from  storage  and  31,000,000  barrels  imported  from 
foreign  fields,  chiefly  Mexico. 

With  such  a  shortage  and  no  probable  increase  in  home  production,  it  is  very 
evident  that  to  meet  the  shortage  we  must  first  of  all  obtain  from  petroleum  a  maxi- 
mum recovery  and  a  minimum  loss.     Extensive  research  work  should  be  carried  on 
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in  order  to  improve  the  art  of  producing,  storing,  shipping,  and  refining  of  petroleum, 
and  to  develop  possible  unknown  and  better  uses  of  this  wonderful  natural  resource 
that  it  might  still  further  serve  mankind. 

Most  of  you  readily  recall  the  time  when  a  voung  mining  engineer  was  about  as 
welcome  at  a  mine  or  mill  as  a  Prussian  General  will  oe  in  Paris,  but  a  great  change 
has  taken  place  and  the  engineer  is  now  an  integral  part  of  the  mining  industry,  thus 
permitting  the  technical  man  and  the  practical  man  to  join  forces  in  perfect  accord 
to  solve  any  new  problem  met  with  in  the  day's  work.  Moreover,  through  the  agency 
of  numerous  technical  journals  and  societies,  such  as  the  American  Institute  of  Mining 
Engineers,  the  mining  man  has  for  many  years  been  a  true  socialist  in  the  whole- 
hearted manner  in  which  he  has  cooperated  in  sharing  his  knowledge  with  the  mining 
world.  The  results  of  such  a  generous  iK)licy  have  been  manifested  in  the  truly 
marvelous  accomplishments  of  tne  mining  industry  in  the  last  several  years. 

The  societies  for  the  exchange  of  technical  information  are  comparatively  few  and 
poorlv  organized,  and  the  journals  representing  the  industry  are  generally  speaking 
strictly  trade  journals  and  with  few  notable  exceptions  seldom  attempt  any  technical 
discussions,  not  wholly  as  a  matter  of  policy,  but  because  of  the  fact  that  few  articles 
of  merit  on  petroleum  engineering  proolems  are  available.  This  lb  not  intended  as  a 
criticism,  but  a  blunt  statement  of  existing  conditions,  in  order  to  bring  to  your  atten- 
tion the  fact  that  a  wonderful  field  for  research  work  exists  in  this  great  industry  in  all 
of  its  various  operations  from  drilling  to  refining. 

In  defense  of  the  industry  as  a  whole,  I  must  make  clear  to  you  that  there  has  ever 
been  a  much  greater  incentive  for  individuals  and  companies  to  keep  their  information 
as  a  trade  secret  than  in  the  mining  industry,  because  of  the  keener  commercial  com- 
petition between  companies,  in  fact  the  early  history  of  the  petroleum  industry  is 
recorded  as  an  era  of  unrestricted  business  warfare. 

Oil  Shale. — It  has  been  suggested  by  a  great  many  writers  that  oil  shale  will  solve 
the  problem  of  the  world's  demands,  but  we  should  bear  in  mind  that  this  industry 
is  in  a  decidedly  experimental  stage  with  need  for  extensive  research  work.  The  solu- 
tion is  not  a  simple  one  when  we  consider  that  on  a  basis  of  a  barrel  of  oil  to  a  ton  of 
shale,  1000  barrels  of  crude  oil  output  per  day  requires  on  the  roughest  kind  of  an 
estimate  an  initial  investment  of  approximately  $1,000,000.  It  is  primarily  a 
moneyed  man's  undertaking  and  with  such  heavy  initial  expense  its  development  will 
be  very  slow.  Hence  we  can  not  look  upon  the  oil  shale  industry  as  a  solution  of  our 
nation's  needs  within  the  next  few  years.  This  industry  has  its  place,  of  course,  in 
the  American  problems  and  I  do  not  intend  to  minimize  in  any  way  the  attention 
that  should  be  given  to  development  of  oil  shale. 

In  spite  of  our  very  best  efforts  for  conservation  and  a  maximum  recovery  from  the 
oil  produced,  it  is  very  evident  that  this  country  must  in  the  future  depend  upon 
foreign  fields  to  meet  a  considerable  part  of  the  demand  that  will  be  made. 

Moreover,  because  of  the  universally  recognized  importance  of  petroleum  as  a  prime 
factor  of  national  defense,  we  must  expect  every  firet  class  nation  to  endeavor  to  con- 
trol as  much  crude  production  as  ]>o88ible,  in  order  that  they  may  be  less  dependent 
upon  the  United  States.  In  view  of  this,  i  would  consider  it  little  less  than  a  national 
calamity  if  American  capital  should  fail  to  develop  the  potential  petroleum  resources 
contingent  to  the  Gulf  of  Mexico,  the  Carribean  Sea,  and  those  of  South  America. 

The  control  of  the  crude  oil  production  of  the  world  is  often  thought  of  as  a  battle 
between  giant  corporations,  one  in  America  and  the  other  a  Dutch-British  unit, 
but  the  control  means  more  than  division  of  profits  between  rival  business  concerns. 
It  means  fuel,  and  fuel  is  power  and  national  security  as  well  as  prosperity. 

It  is  true  that  our  domestic  production  has  been  able  to  supply  two-thirds  of  the 
world's  consumption,  but  petroleum  is  a  wasting  resource  and  in  this  country,  because 
of  its  accessibihty  and  proximity  to  industrial  centers,  we  have  already  drawn  heavily 
upon  our  total  supply  as  we  approach  the  dawn  of  a  tremendous  era  of  petroleum 
expenditure. 

With  the  facts  as  outlined  in  my  earlier  remarks  thoroughly  known  and  appreciated 
by  the  powers  of  Europe,  it  will  mdeed  be  surprising  if  every  encouragement  is  not 
furnished  the  different  representatives  of  the  petroleum  industry  by  their  respective 
governments  to  extend  tneir  holdings  the  world  over.  This  assistance  may  even 
assume  the  form  of  active  government  investment  in  petroleum  reserves. 

Accordingly,  with  American  interest  thoroughly  intrenched  in  the  prolific  fields 
of  Mexico,  it  is  to  be  earnestly  hoped  that  they  will  not  find  it  necessary  to  sell  to 
foreign  capital,  but  will  be  able  to  further  increase  their  holdings  in  these  fields,  which 
are  so  accessible  to  the  States. 

Furthermore,  if  the  tremendous  effort  of  this  countrv  to  establish  a  merchant 
marine  is  to  beiar  its  maximum  rewards,  the  ships  must  be  provided  with  oil  from 
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nearby  sources  to  reduce  the  long  haul  cost.  ,  To  this  end  it  would  be  well  if  American 
capital  did  no)b  limit  its  activity  to  this  hemisphere,  but  participated  in  exploration  and 
development  work  even  to  more  distant  parts  of  the  globe. 

Nationally  speaking,  it  is  a  question  to  ponder  over,  when  one  considers  that 
American  geologists  are  locating  prospective  fields  and  American  drillers  are  develop- 
ing petroleum  reserves  the  worla  over  for  foreign  capital.  May  I  leave  that  one 
thought  with  you  as  of  first  importance. 

Bradley  Stoughton,  Secretary  of  the  Institute,  then. said  a  few  words 
of  greeting  and  congratulation,  and  the  meeting  adjourned. 

Harvey  S.  Mudd,  Secretary. 

SAN  FRANCISCO  SECTION 

Roy  H.  Elliott,  Chairman  T.  A.  Rickard,  Vic&^hairman 

W.  H.  Shocklbt,  Secrelary-Treaaurerj  959  Waverly  St.,  Palo  Alto,  Cal. 
D.  M.  RioRDAN  G.  F.  ToLiiAN,  Jr. 

The  special  meeting  of  November  11,  held  at  the  Engineers'  Club  in 
San  Francisco  was  attended  by  30  persons  and  was  special  in  a  double 
degree;  first,  it  was  specially  called  to  meet  President  Sidney  J.  Jennings; 
second,  a  special  permission  had  to  be  obtained  from  the  Board  of  Health, 
which  was  granted  with  the  proviso  that  we  should  omit  our  usual  dinner 
and  wear  masks.  This  mask-wearing  was  based  on  a  city  ordinance, 
passed  in  the  last  days  of  October  to  combat  the  influenza.  More  than 
12,000  persons  were  arrested  for  failing  to  comply  with  this  law.  In  all, 
1857  persons  died  from  influenza,  but  as  far  as  I  know  none  of  our  members 
died. 

Roy  H.  Elliott,  the  chairman,  announced  that  he  had  appointed  a 
committee  of  four  members  to  act  with  similar  committees  from  the 
American  Society  of  Civil  Engineers,  American  Institute  of  Electrical 
Engineers,  American  Society  of  Mechanical  Engineers,  and  the  American 
Chemical  Society,  these  organizations,  together  with  the  Institute, 
forming  the  Joint  Council  of  the  Engineering  Societies  of  San  Francisco 
and  working  cooperatively,  but  not  amalgamating.  This  Joint  Council 
intends  to  hold  five  meetings  during  the  coming  year,  all  separate  from  the 
meetings. 

The  address  of  the  evening  was  made  by  President  Jennings,  who  said 
that  the  Institute  had  recently  helpt*  to  pass  the  War  Minerals  Bill. 
Some  have  criticized  the  Institute  for  going  into  politics,  but  he  did  not 
consider  that  aiding  the  passing  of  this  bill  was  political  activity;  rather 
it  was  an  effort  to  aid  the  mining  industry.  The  Government  needs  to 
be  stimulated  so  that  it  will  extend  more  aid  to  mining;  for  while  agri- 
culture, which  is  called  the  basis  of  life,  receives  great  sums,  little  attention 
is  paid  to  mining,  the  basis  of  civilization.  Valuable  aid  is  given  to  the 
farmer  by  the  many  publications  of  the  Agricultural  Department,  but 
the  Bureau  of  Mines  and  the  Geological  Survey  are  obliged  to  struggle 
for  appropriations.  The  War  Minerals  Bill  increases  the  amount  of 
money  available  for  the  mining  industry,  but  the  method  of  administer- 
ing the  bill  has  not  yet  been  workt  out.  Now  that  the  war  is  over,  it 
is  impossible  to  tell  what  will  be  done,  but  the  intention  was  to  make  in- 

*  Reformed  spelling  retained  by  special  request  of  the  Secretary  of  the  San  Fran- 
cisco Section. 
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vestigations  and  enter  into  contracts  with  producers  for  a  stated  quantity 
at  a  fixt  price  which  would  continue  for  a  year  after  the  conclusion  of 
the  war. 

The  Institute  realizes  the  importance  of  the  local  sections,  and  the 
importance  of  the  getting  together  with  the  sections  of  the  four  other 
national  societies.  If  the  sections  should  meet  once  or  twice  yearly  there 
would  be  from  four  to  eight  yearly  meetings,  a  result  that  would  be 
welcomed  by  the  heads  of  the  societies  in  New  York. 

The  Institute  is  essentially  a  forum  for  presenting  and  discussing 
ideas.  One  of  the  chief  subjects  for  discussion  is  human  engineering. 
Engineers  study  the  use  of  materials  and  mathematics,  but  they  do  not 
study  what  is  fully  as  important — the  human  factor.  The  old  way  of 
looking  at  the  question  was  that  we  bought  labor;  now  it  may  be  said 
that  we  sell  employment;  our  salesmanship,  which  is  not  of  the  best, 
ought  to  improve.  Formerly  the  capitalist  has  had  the  say  as  to  what 
should  be  produced;  in  future  the  responsibility  must  be  shared  with  the 
man  who  can  control  labor;  only  by  the  union  of  the  two  can  wealth 
be  economically  produced.  The  public  (that  is  the  customer)  is  vitaUy 
interested  in  seeing  that  the  science  of  social  bookkeeping  is  thoroughly 
learned  and  the  charges  accurately  kept.  Labor  leaders  have  argued  that 
because  all  wealth  is  produced  by  labor,  labor  should  have  the  entire 
product.  This  specious  argument  omits  to  take  into  account  the  fact 
that  labor  must  be  directed.  As  captains  and  officers  of  the  army  of 
labor,  we  should  direct  it  and  satisfy  its  demands.  If  we  sit  down  and 
talk  to  labor  its  demands  seem  reasonable.  Legislators  are,  in  a  way, 
the  auditors  of  social  bookkeeping  and  have  shown  themselves  responsive 
to  labor's  needs  by  passing  such  bills  as  the  workmen's  compensation  and 
the  eight-hour  law.  If  our  social  bookkeeping  shows  that  a  profit  cannot  be 
won  from  any  natural  resource  except  by  debasing  labor,  if  labor  cannot 
live  and  bring  up  its  children  properly,  then  it  is  better  that  such  natural 
resource  should  remain  undeveloped.  We  mining  engineers  will  be  the 
directors  and  captains  of  labor  and  it  is  our  duty  to  reconcile  labor  and 
capital.  It  is  the  function  of  the  Institute  to  ask  every  member  who  has 
had  experience  in  amicably  settling  labor  troubles  to  give  us  the  benefit  of 
his  experience,  so  that  it  may  serve  as  a  guide  in  the  settlement  of  other 
age-long  differences. 

The  topic  of  the  day  is  the  change  in  the  purchasing  power  of  gold. 
In  South  Africa,  out  of  49  mines  on  the  Rand,  22  are  producing  gold  with 
a  working-profit  of  but  30  cents  per  ton;  a  margin  so  small  that  if  wages 
advance  the  mines  must  close.  The  fact  that  the  United  States  can  take 
an  ounce  of  gold  and  issue  $240  in  bonds  on  it  at  a  less  rate  of  interest 
than  if  it  did  not  have  the  gold  shows  the  extreme  desirability  of  hdving  a 
gold  production;  gold  is  the  most  powerful  of  credit  instruments.  The 
gold  miners  of  the  West  and  of  South  Africa  have  askt  for  a  bonus  on  new 
gold;  this  request  is  opposed  by  certain  economists  who  hold  that  the 
more  gold,  the  higher  the  cost  of  conunodities,  and  maintain  that  a  small 
amount  of  gold  will  bring  low  prices.  Prof.  Irving  Fisher  proposes  to 
stabilize  prices  by  changing  the  amount  of  gold  in  the  dollar.  It  is 
evident  that  the  decrease  in  the  purchasing  power  of  gold  must  lead 
to  a  diminution  in  production,  for  the  miner  wil  not  produce  gold  in 
large  quantities  imless  he  can  make  a  profit.  If  the  Government  desires 
more  gold  it  should:  Remit  the  excess-profit  tax,  because  there  has  been 
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no  excess  profit  in  gold  mining;  give  priority  in  supplies;  pay  a  bonus  of 
at  least  $12  per  ounce  in  order  to  put  gold  mining  on  a  pre-war  basis.  If 
it  is  desired  to  stimulate  the  production  of  gold,  a  larger  bonus  should 
be  given.  The  Allies  and  the  United  States  produce  93  per  cent,  of  the 
world's  gold  and  the  gold  standard  must  be  preserved.  If  the  Govern- 
ment could  tell  us  how  much  gold  is  needed,  we  could  then  tell  how 
much  the  bonus  ought  to  be.  In  concluding,  President  Jennings  stated 
that  the  Institute  was  in  no  way  responsible  for  his  opinions. 

In  the  discussion  that  followed,  Charles  Butters  askt  what  had 
been  the  action  of  the  Chamber  of  Commerce  at  Johannesburg  and  of 
the  British  Government.  President  Jennings  answered  that  22  mines 
were  found  in  need  of  relief.  Mr.  Butters  understood  that  the  British 
Government  proposed  that  if  all  the  mines  would  contract  to  sell  all 
their  gold  to  it  for  10  yr.  a  bonus  of  $2.50  per  oz.  would  be  paid. 
Mine  owners  have  recently  been  askt  to  subscribe  a  small  sum  for  propa- 
ganda. As  a  producer  of  gold  in  Nicaragua  and  San  Salvador,  Mr. 
Butters  was  especially  interested  in  this  proposal  of  the  British,  since  it 
would  affect  gold  producers  the  world  over  and  would  put  paper  money 
at- a  discount.  T.  A.  Rickard  askt  F.  W.  Bradley  if  a  bonus  of  $2.50  per 
oz.  would  suit  the  mines  of  Juneau.  Mr.  Bradley  thot  that  a  larger  bonus 
was  needed,  but  believed  that  the  agitation  in  Johannesburg  would  help 
to  solve  the  question.  Mr.  Butters  felt  that  the  British  had  been  clever 
in  getting  thp  price  of  silver  put  so  low  as  $1  per  oz.  Chairman  Elliott 
thot  that  it  was  hardly  just  for  the  Government  to  prohibit  the  export 
of  gold  and  still  maintain  the  pre-war  price  when  gold  could  be  sold  at  a 
heavy  premium  in  Spain  and  other  neutral  countries  where  exchange 
is  against  us.  President  Jennings  said  that  this  would  be  equal  to  a 
premium  of  from  16s  to  20s  per  oz.  Mr.  Butters  was  sure  that  the 
purchasing  power  of  gold  and  silver  wil  increase;  the  Germans  and  the 
Russians  wil  be  anxious  to  see  some  real  money. 

W.  H.  Shockley,  Sec^y-Treas. 

NEW  YORK  SECTION 

Allen  H.  Rogers,  Chairman^  Forest  Rutherford,  Vice-chairman, 

H.  C.  Paracelee,  Vice-chairman  and  Treasurer^ 
W.  S.  Dickson,  Secretary ,  71  Brpadway,  New  York,  N.  Y. 
J.  E.  Johnson,  Jr.  F.  T.  Rubidge  S.  H.  Ball. 

The  December  meeting,  held  at  Machinery  Club,  on  December  11, 
was  the  best  attended  this  year,  100  being  present.  Illustrated  talks  on. 
the  ore  deposits  and  mining  methods  of  the  Chile  Copper  Co.  were  given, 
by  Waldemar  Lindgren  and  L.  K.  Rourke.  Mr.  Lindgren  spoke  of  the 
geology  of  the  country,  but  particularly  of  the  company*s  mining  prop- 
erty at  Chuquicamata.  Mr.  Rourke  described  the  new  departure  in 
steam-shovel  operations,  the  exceptional  methods  of  blasting,  and  the 
railroading  to  the  mill. 

It  is  planned  to  have  the  January  meeting  a  continuation  of  the  last 
and  arrangements  are  being  made  to  have  talks  on  metallurgical  and 
power  methods  used  by  the  Chile  Copper  Co. 

Due  to  the  increasing  interest  in  engineering  developments  abroad, 
plans  are  being  made  to  get  into  touch  with  men  who  have  studied  pro- 
jects in  Asia  and  Africa. 

W.  S.  Dickson,  Secretary, 
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CHICAGO  SECTION 

Charles  H.  MacDowell,  Chairman,  George  P.  Hulst,  Vice-chairman, 

Henrt  W.  Nichols,  Sec^y-Treas.,  Field  Museum  of  Natural  History,  Chicago,  111. 
R.  S.  BoNSiB,  Horace  H.  Clark,  H.  T.  Walsh. 

The  Chicago  Section  met  Friday,  November  22,  for  a  Chuck  Wagon 
Dinner  at  the  Adventurers'  Club.  After  the  dinner  the  following  officers 
were  elected:  Chairman,  C.  H.  MacDowell;  Vice-chairman,  G.  P.  Hulst; 
Secretary-treasurer,  H.  W.  Nichols;  Executive  Committee,  A.  D.  Terrell, 
J.  R.  Sharp,  Ray  Chapman,  and  Prof.  E.  A.  Holbrook.  A  petition  was 
drawn  up  and  signed  by  all  present  asking  the  Institute  to  hold  its  next 
Summer  Meeting  in  Chicago  at  the  time  of  the  Chemical  Exposition,  and 
the  Secretary  was  instructed  to  attend  to  the  formalities  to  insure  that 
the  invitation  was  sent  in  proper  form  and  in  such  a  manner  as  to  give  it 
the  best  possible  chances  of  acceptance.  After  the  business,  the  motion 
pictures  "the  Way  Out''  prepared  by  the  Army  Medical  Museum  author- 
ities to  demonstrate  how  crippled  soldiers  can  be  educated  to  become  self- 
supporting  were  shown. 

Henry  W.  Nichols,  Secretary-Treasurer,   - 


DIED  IN  SERVICE 

Bailey,  Lewis  Newton,  Master  Engineer,  Senior  Grade,  4th  Regiment, 
U.  S.  Engineers,  Headquarters  Company,  died  of  pneumonia  at  Camp 
Merritt,  N.  J.,  on  April  30,  1918. 

Baird,  Louis,  Lieut.,  Royal  Field  Artillery,  British  Army,  died  on  the 
battlefield  in  1915. 

Ballamy,  John  H.,  Capt.,  103d  Engineers,  killed  in  action  near  Fismes, 
Aug.  9,  1918. 

Bowles,  Martin  F.,  2d  Lieut.,  Co.  B,  355th  Infantry,  killed  in  action, 
Sept.  3,  1918. 

Burt,  Andrew,  died  in  active  service,  1916. 

Cobeldick,  WiUiam  Morley,  Royal  Engineers,  died  from  gas  poisoning 
on  Oct.  7,  1915. 

Dougaily  Ralph,  4th  University  Co.,  Princess  Patricia  Regiment, 
killed  in  action  early  in  the  war. 

Evans,  Alfred  Winter,  Lieut.-Col.,  New  Zealand  Rifle  Brigade,  D. 
S.  O.,  D.  C.  M.,  killed  in  action  on  Oct.  12,  1917. 

Gordy,  Sheppard  B.,  died  in  service,  Oct.  9,  1918. 

Gorman,  Thomas  C,  Lieut.,  Canadian  Engineers,  killed  in  France, 
Mar.  18,  1918. 

Hague,  William,  1st  Lieut.,  Engineer  Officers'  Reserve  Corps,  died  in 
active  service,  Jan.  1,  1918. 

Hall,  William  T.,  Capt.,  Royal  Flying  Corps,  killed  in  action,  May 
19,  1917. 

Heine,  Bernhardt  E.,  Lieut.,  Aviation  Service,  died  from  accident  at 
Fort  Sill,  Okla.,  Aug.  10,  1918. 

Irving,  John  Duer,  Capt.,  11th  Engineers,  A.  E.  F.,  died  July  26, 
1918,  while  on  active  service  in  France. 

Perry,  Edward  H.,  1st  Lieut.,  Co.  D,  6th  Regiment  Engineers,  U.  S. 
Expeditionary  Forces,  France,   killed  in  action  on  March  30,   1918. 

Pretyman,  Frank  Remington,  2d  Lieut.,  Royal  Engineers,  killed  in 
action  on  June  17,  1916. 
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Reece,  Fred.  B.,  Capt.,  Royal  EDgiaeers,  B.  E.  F.,  232d  Army  Troops 
Co.,  killed  in  actioa. 

Ringlund,  Soren,  Medical  Department,  Fort  Logan,  Colo.,  died  sud- 
denly in  camp  on  July  24,  1918. 

Roper,  George,  Jr.,  Lieut.,  Royal  Flying  Corps,  killed  in  aeroplane 
accident  in  England  on  May  25,  1918. 

Smyth,  Raymond  Weir,  died  of  infiuenza  at  the  Navy  Yard  Hospital, 
League  Island,  Philadelphia,  Sept.  27,  1918. 


m  MEMORIAM 

LIEUTENANT  MARTIN  F.  BOWLES 

Martin  F.   Bowles,  born  Apr.  25,  1893,  at  Bonne  Terre,  Mo.,  and 

graduated  from  the  Neodesha,  Kans.,  High  School,  had  finished  all  but 

one   month   of  a  four-year  course  in  metallui^ical  engineering  at  the 

Missouri  School  of  Mines,  RoUa,  Mo.,  when  on  May  12,  1917,  he  entered 


Lieutenant  Maetin  F.  Bowles. 

the  first  Officers'  Training  Camp  at  Fort  Riley,  Kans.  At  the  close  of 
the  training  period,  he  was  commissioned  a  Second' Lieutenant  and  as- 
signed to  Co.  B,  355th  Infantry,  89th  Division,  and  stationed  at  Camp 
FunstoQ.  He  left  this  camp  with  his  company  on  May  21,  1918,  and 
sailed  from  an  eastern  port  on  June  4,  arriving  in  England  on  June 
15, 1918.  After  a  short  stay  at  a  rest  camp  there,  he  proceeded  to  France. 
On  August  14,  he  wrote  that  he  was  with  Battalion  Headquarters  as 
Scout  Officer,  Ist  Battalion,  355th  Infantry,  89th  Division.  The  last 
letter  received  from  him,  dated  September  2,  was  written  in  bis  dugout 
and  contained  the  following:     "Here  it  is  2.45  a.  m.     Sitting  in  a  dugout 
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waitiog  for  some  p&trols  to  report  back  in,  I  am  writing  this  by  the  light 
of  two  candles."  He  was  killed  in  actioD  od  the  night  of  Sept.  3,  1918. 
The  letter  of  notification  received  from  Brigadier  GeneraJ  Thos.  G. 
Hanson  said :  "  It  is  my  painful  duty  to  communicate  to  you  the  fact 
of  the  loss  of  your  son,  Martin  F.  Bowles.  About  1 1  o'clock  on  the  ni^ht 
of  September  3,  Lieut«nant  Bowles,  with  Lieutenant  Joseph  B.  Keckler, 
355th  Infantry,  in  command  of  a  recoonoitering  patrol  of  our  troops, 
encountered  the  enemy.  In  the  ensuing  engagement  your  son  received 
a  rifle  bullet  through  the  heart.  His  death  was  instantaneous  and 
painless.  His  remains  were  interred  with  full  military  honors  on  the 
4th  of  September,"  He  was  promoted  to  First  Lieutenant,  but  his 
comnussion  did  not  reach  him  before  his  death.  He  was  president  of  the 
Missouri  Mining  Association,  Missouri  School  of  Mines,  for  the  year 
1916-17. 

SHEPPAKD  B.  GORDT 
Sheppard  B.  Gordy,  bom  in  Ansonia,  Conn.,  in  1889,  graduated  from 
the  Sheffield  Scientific  School  in  1910  and  with  the  degree  of  E.  M.  in 
1912.  For  six  years  he  was  in  Chile,  holding  the  position  of  general 
mine  foreman  for  the.  Braden  Copper  Co,  He  returned  to  this  country 
to  enlist  last  June.  He  was  inducted  into  service  on  August  26,  and  died 
of  pneumonia  October  9,  at  Camp  Sherman,  Chillicothe,  Ohio. 

RAYHONB  WEm  SBCYTH 

Raymond  Weir  Smyth,  born  Nov.  3,  1888,  was  the  son  of  Herbert 
Weir  &iiyth,  professor  of  Greek  Literature  at  Harvard  University.     He 


Ratuond  Wbib  Smyth. 

graduated  (A.  B.)  from  Harvard  in  1909  and  later  pursued  advanced 
studies  there  in  chemistry  and  in  metallurgy.    He  held  the  position 
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of  metallurgist  for  the  American  Steel  and  Wire  Co.  at  Worcester, 
Mass.,  and  also  for  the  Steel  and  Tube  Co.  at  Youngstown,  Ohio.  For 
a  time  he  was  inspector  of  munitions  for  the  British  Government  and 
stationed  at  the  Railway  Steel  and  Spring  Co.  at  Latrobe,  Pa.  For  a 
short  time,  in  1917,  he  was  Inspector  of  Ordnance  for  the  U.  S.  Govern- 
ment, and  the  following  year,  having  entered  the  U.  S.  Naval  Reserve 
Force,  he  was  ordered  in  a  similar  capacity  to  the  Midvale  Steel  Co. 
In  September,  he  removed  to  the  Navy  Yard,  League  Island,  Phila- 
delphia, to  train  for  the  obligatory  minimum  of  six  months'  sea  duty. 
There  he  contracted  influenza,  which  was  followed  by  pneumonia, 
from  which  he  died,  September  27,  at  the  Navy  Yard  Hospital. 


MEETING  OF  AMERICAN  SOCIETY  OF  MECHANICAL 

ENGINEERS 

Human  engineering  was  the  keynote  of  the  thirty-ninth  annual  meet- 
ing of  the  American  Society  of  Mechanical  Engineers,  which  was  held 
in  New  York,  December  3-6.  This  note  was  sounded  by  President 
Charles  T.  Main  in  his  address  at  the  opening  session  and  was  carried 
through  by  all  the  speakers.  In  his  survey  of  the  year's  work,  he  said 
that  more  than  6000  names  of  engineers  were  furnished  the  Government 
for  filling  a  wide  variety  of  positions.  In  addition  to  the  1400  members 
in  service,  two  members  of  the  council  of  the  society  are  in  uniform  in 
France  and  one,  as  a  distinct  war  service,  is  in  charge  of  one  of  the  largest 
shipyards.  After  giving  other  ways  in  which  the  Society  has  helped  the 
Government,  President  Main  called  attention  to  the  necessity  for  thor- 
oughgoing efforts  to  increase  production  and  the  settlement  of  questions 
involving  industrial  relationships. 

At  the  following  meeting.  President  Adams  of  the  American  Institute 
of  Electrical  Engineers  called  attention  to  the  necessity  of  meeting  labor 
in  a  progressive  way,  facing  labor  questions  fairly  and  squarely,  as  the 
real  interests  of  labor  cannot  be  separated  from  those  of  the  engineer. 

Charles  E.  Knoeppel,  discussing  '*  Industrial  Organization  as  It  Affects 
Executives  and  Workers,"  said  the  problem  of  the  cost  of  living  might  be 
settled  in  two  ways:  1,  there  must  be  more  producers,  and  2,  there  must 
be  a  greater  amount  supplied  by  those  now  producing.  The  first  solution 
is  practicable,  he  said,  if  labor  is  allowed  shorter  hours,  better  conditions, 
and  a  remuneration  that  will  attract  workers.  The  second  can  be  em- 
ployed by  eliminating  waste,  standardizing  conditions,  setting  fair  tasks, 
and  allowing  men  to  earn  an  amount  that  will  compensate  them  for  their 
skill  and  cooperation. 

Dudley  R.  Kennedy  of  Philadelphia,  employment  manager  of  the 
American  International  Shipbuilding  Corporation,  said  the  human- 
engineering  phase  of  the  country's  industrial  development  had  generally 
been  overlooked.  **We  hardly  yet  know  what  competition  means;  we  will 
learn  it  within  a  few  years.  Permit  me  to  prophesy  that  the  executive 
of  the  next  decade  will  be  the  man  who  best  knows  men.  He  will  be  an 
originator,  a  handler  of  men  as  individuals,  a  handler  of  men  in  the  mass, 
a  leader  not  a  driver,  a  very  human  man.  The  science  of  human  engi- 
neering is  here  to  stay.  The  study  of  human  characteristics  is  the  most 
enduring,  as  well  as  the  most  fascinating  in  the  world,  and  still  the  most 
complex." 
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Many  of  the  other  papers  dealt  with  phases  of  the  management  and 
production  problem. 

Honorary  membership  in  the  Society  was  conferred  on  Charles  M. 
Schwab  and  Orville  Wright. 

The  new  officers  of  the  Society  are:  President,  Dean  Mortimer  E. 
Cooley,  Ann  Arbor,  Mich.;  Vice-presidents,  F.  R.  Low,  New  York;  Henry 
B.  Sargent,  New  Haven,  Conn.;  John  A.  Stevens,  Lowell,  Mass. ; Mana- 
gers, Charles  L.  Newcomb,  Holyoke,  Mass.;  F.  0.  Wells,  Greenfield, 
Mass.;  Dean  C.  R.  Richards,  Urbana,  111.;  Treasurer,  William  H.  Wiley, 
New  York. 


MINERS  OF  THE  SEA* 

The  Marine  Corps  has  found  the  Mining  and  Sapping  Department 
one  of  the  most  efficient  individual  organizations  of  the  Soldiers  of 
the  Sea.  The  men  of  the  unit  were  assembled  among  "hard  rock" 
miners  from  Montana,  Idaho,  and  Utah;  most  of  the  detachment  hail 
from  Butte.  It  includes  experienced  gas-helmet  men,  blacksmiths, 
compressors,  carpenters,  timbermen,  concrete  and  cement  gun  experts, 
diamond  drill  runners,  civil  and  mining  engineers,  in  fact,  artisans  of 
every  craft  in  and  around  mines. 

Experienced  miners  with  both  technical  college  training  in  mining  and 
engineering  and  the  practical  turn  of  actual  work  as  mine  superintendents 
and  foremen  are  used  as  instructors  in  their  craft,  except  thirty-eight 
who  "shoved  ofif"  with  the  Eleventh  Regiment  to  actually  apply  their 
skill  in  Marine  trenches  abroad.  They  are  the  "finishers'*  after  the 
trenches  are  dug.  Covering  and  camouflaging  the  tops  for  protection 
against  attacks  from  the  air,  engineering  the  arrangement  of  the  trenches 
for  protection  against  shell  fire,  establishing  Ustening  posts  by  projecting 
"Russian  saps"  within  a  few  yards  of  the  enemy's  trench;  sapping  or 
tunnelling  into  the  very  Unes  of  the  Teutons,  and  leaving  pleasant  little 
bundles  of  explosives  there;  are  just  a  few  of  the  high  spots  touched  by 
these  wizards  of  the  soil.  They  make  the  trenches  comfortable,  plaster- 
ing the  interiors  until  the  underground  bunk  houses  not  only  look  like 
hotels  but  are  just  as  comfortable  "with  all  the  modern  conveniences." 
Draining  is  another  feature  which  the  work  of  the  Miners  and  Sappers  at 
least  partially  assures. 

One  of  the  striking  things  about  the  Miners  and  Sappers  is  the  fact 
that  they  are  much  older  men  than  the  average  recruit.  Some  actually 
have  sons  in  the  service.  Private  Denson,  of  Salt  Lake  City,  has  two 
sons  in  the  Navy  and  a  son  and  stepson  in  the  Army.  Private  Heberden, 
of  Butte,  has  a  son  in  France,  and  so  it  goes  throughout  the  personnel  of 
the  camp.  Ratings  are  obtained  for  practically  all  of  these  men  and 
Lieutenant  Reed  was  recently  commissioned  from  the  ranks. 

Each  student  of  the  Miners  and  Sappers'  School  is  trained  to  super- 
vise trench  construction  by  a  detail  of  troops.  Men  about  to  go  overseas 
receive  lessons  in  road  construction  to  meet  topographical  adjustments 
so  that  the  roadways  may  be  concealed  easily  from  the  enemy;  the  relative 
values  of  trench  and  dugout  construction;  and  how  to  arrange  wire 
entanglements  and  establish  telephonic  communications. 

*£xtract  from  The  Marines  Magazine j  November,  1918. 
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TRANSACTIONS  WANTED 

The  Institute's  stock  of  Volumes  XXXI,  LI,  and  LII  has  become 
much  reduced  by  sales.  If  members  have  copies  of  these  volumes  which 
they  can  spare,  the  price  of  $3  per  volume  will  be  paid  for  them,  if  in 
good  condition.  If  desired,  a  copy  of  the  Index  for  Volumes  XXXVI 
to  LV  will  be  given  for  one  of  these  volumes  of  the  Transactions  and  one 
dollar  additional.  For  two  volumes  of  the  Transactions,  a  copy  of  the 
Index  will  be  sent  and  the  balance  will  be  credited  to  the  payment  of  dues. 


ENGINEERING  SOCIETIES  EMPLOYMENT  BUREAU 

The  American  Institute  of  Mining  Engineers,  the  American  Society 
of  Civil  Engineers,  the  American  Society  of  Mechanical  Engineers,  and 
the  American  Institute  of  Electrical  Engineers  have  established  the 
Engineering  Societies  Employment  Bureau  under  the  management  of 
their  Secretaries.  One  of  the  purposes  of  the  Bureau  is  to  keep  in  touch 
with  all  engineering  firms  with  a  view  to  supplying  them  with  desirable 
men.  Plans  are  under  way  to  assist  in  placing  men  who  are  retiring 
from  the  government  service.  The  Bureau  is  not  intended  to  be  exclu- 
sively for  the  benefit  of  unemployed  members  of  the  Founder  Societies; 
non-members  who  are  introduced  properly  will  be  registered.  Informa- 
tion, registration  forms,  etc.,  may  be  obtained  from  the  office  of  the  Bureau, 
Engineering  Societies  Building,  29  West  39  Street,  New  York,  Room  903. 


DINNER  TO  AMBROSE  SWASE7 

A  dinner  was  given  to  Ambrose  Swasey  by  the  United  Engineering 
Society,  at  the  Engineers'  Club,  on  November  14.  Those  present 
included  twenty-one  presidents  and  past  presidents  of  the  Founder 
Societies.  Charles  F.  Rand,  President  of  United  Engineering  Society, 
presided.  President  Robert  S.  Woodward,  of  the  Carnegie  Institution 
of  Washington,  and  Dr.  Robert  W.  Hunt,  of  Chicago,  made  addresses  to 
which  Mr.  Swasey  responded.  Dr.  Michael  I.  Pupin,  Chairman  of 
Engineering  Foundation,  made  the  closing  address.  The  evening  was 
marked  by  the  high  character  of  the  addresses,  inspiration  for  grave 
duties  lying  before  the  engineering  profession,  and  by  the  spirit  of  good 
fellowship.  Among  the  seventy-two  persons  present  were  the  following 
members  of  the  Institute:  E.  E.  Bartlett,  William  N.  Best,  J.  Parke 
Channing,  C.  R.  Corning,  F.  G.  Cottrell,  J.  V.  Davies,  J.  V.  N.  Dorr, 
H.  S.  Drinker,  Karl  Eilers,  H.  M.  Howe,  A.  C.  Humphreys,  Robert  W. 
Hunt,  Wm.  B.  Jackson,  D.  S.  Jacobus,  J.  H.  Janeway,  J.  E.  Johnson,  Jr., 
John  Johnston,  George  F.  Kunz,  Edwin  Ludlow,  Philip  N.  Moore, 
Fred'k.  H.  Newell,  Wm.  H.  Nichols,  H.  Hobart  Porter,  Charles  F.  Rand, 
R.  M.  Raymond,  Jesse  M.  Smith,  E.  Gybbon  Spilsbury,  Bradley  Stoughton, 
Joseph  Struthers,  Benj.  B.  Thayer,  Wm.  H.  Wiley,  S.  T.  Wellman. 


ORGANIZATION  OF  RESEARCH* 

It  is  well  to  bring  before  you  again  the  chief  purpose  of  the  National 
Research  Council  and  of  this  its  Division  of  Engineering,  to  stimulate 

*  Remarks  of  Dr.  Henry  M.  Howe,  Chairman,  at  the  Meeting  of  the  Advisory 
Committee  of  the  Engineering  Division  of  the  mtional  Research  Council,  held  in 
New  York  City  on  Nov.  15,  1918. 
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others  to  make  researches  rather  than  to  make  them  ourselves,  because 
a  given  amount  of  our  energy  spent  in  inciting  others  will  accomplish 
far  more  than  if  applied  in  executing  them  ourselves.  This  is  because 
there  are  scattered  through  the  numberless  governmental,  educational, 
and  industrial  laboratories  of  the  country  a  very  great  number  of  in- 
vestigators not  only  capable  of  being  stimulated,  but  willing  to  aid  in 
cooperative  broadly  planned  research  rather  than  to  follow  the  haphazard 
methods  of  the  past. 

Taken  collectively,  these  laboratories  and  their  personnel  can  produce 
an  annual  crop  of  knowledge  the  value  of  which  is  of  the  order  rather  of 
billions  than  of  millions  of  dollars.  I  invite  you  to  regard  this  potential 
product  as  a  crop,  to  be  planned,  fertilized,  harvested,  and  distributed 
with  the  same  order  of  statesmanship,  the  same  breadth  of  view,  with 
which  we  treat  any  other  great  human  product  or  achievement,  whether 
agricultural,  industrial,  or  transportational. 

The  displacement  of  the  stage  coach  by  an  advanced  and  centralized 
system  of  transportation  was  neither  more  needed  nor  more  inevitable 
than  the  replacement  of  our  past  method  of  haphazard  research,  with  its 
misguidance,  its  lack  of  interpretation,  of  clarification  and  of  diffusion,  its 
desultoriness,  its  duplication,  by  an  advanced,  guided,  and  collaborative 
arrangement  which  shall  plan  vast  systems  of  research  broadly,  shall  exe- 
cute them  methodically  and  economically,  and  shall  so  clarify  and  distri- 
bute their  results  that  they  shall  serve  mankind  most  quickly  and  most 
efficiently.  As  it  is  to  some  to  farm,  to  others  to  mill,  to  others  to  trans- 
port, to  others  to  distribute,  and  to  still  others  to  bake,  so  does  God  give  to 
some  the  vision  to  plan,  to  others  the  skill  to  execute,  to  others  the  analyt- 
ical power  to  interpret,  and  to  others  clarification,  replacing  rawness  of 
crude  truth  with  such  attractiveness,  such  zest  leading  to  eager  assimila- 
tion, as  the  cordon  bleu  gives  the  miller's  product. 

In  the  haphazard  past  each  investigator  was  his  own  planner,  manipu- 
lator, interpreter,  and  clarifier.  However  efficiently  he  did  that  fraction 
of  this  complex  work  which  God  traced  for  him,  he  worked  with  relative 
inefficiency  at  the  three  others. 

The  evolution  of  research  should  be  directed  toward  this  end,  of 
giving  to  each  investigator  the  specific  part  of  this  team  work  for  which 
he  is  fitted  by  Nature.  But  quite  as  the  evolution  of  our  transportation 
system  has  taken  many  decades  and  has  occurred  in  large  part  through 
trial  and  error,  so  is  it  likely  to  be  with  the  evolution  of  research. 

The  National  Research  Council  aims  to  devise  a  mechanism  and 
procedure  which  shall  at  least  lead  to  some  important  progress  in  this 
direction. 

It  is  well  to  face  squarely  the  difficulties,  and  especially  the  psycholog- 
ical ones. 

Our  truly  democratic  aims  must  show  their  democraticness  convinc- 
ingly. We  must  make  plain  our  desire  to  stimulate  investigators  accord- 
ing to  their  inherent  fitness,  their  fertility  and  powers  of  production, 
rather  than  according  to  the  prestige  or  importance  of  the  institutions 
with  which  they  are  connected.  We  must  convince  not  only  the  engi- 
neering profession  but  also  the  various  cooperating  investigators  that  we 
aim  to  distribute  public  recognition  among  them  equitably.  We  shall 
have  the  delicate  task  of  selecting  officers  with  the  skill  needed  for  assign- 
ing the  different  parts  of  the  team  work  of  research  accurately.  Success 
clearly  depends  to  an  unusual  degree  on  putting  the  right  men  in  charge. 
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The  catholicity  of  our  course  is  shown  by  our  having  already  caused 
one  or  more  researches,  of  greater  or  less  importance,  to  be  undertaken 
in  each  of  35  different  laboratories  in  11  different  states.  We  have 
drawn  on  not  only  some  of  the  great  industrial,  educational,  and  govern- 
mental laboratories,  but  on  many  of  very  moderate  size,  and  indeed  on 
some  little  known  private  laboratories. 

Here  we  may  ask  whether  our  national  engineering  societies  might 
not  with  advantage  give  more  attention  than  at  present  to  the  promotion 
of  research,  and  whether  the  National  Research  Council  might  not  coop- 
erate very  closely  with  them  and  with  the  Engineering  Foundation  in 
this  work.  This  cooperation  might  assume  any  one  of  several  different 
forms.  For  instance,  the  Council  could  act  as  their  department  of 
research,  as  it  does  now  toward  the  Council  of  National  Defense  and 
as  it  has  toward  the  Signal  Corps.  Or  it  might  act  in  any  advisory  way, 
or  with  any  intermediate  degree  of  responsibility  that  might  be  decided 
on.  A  relation  which  would  make  it  clear  that  the  weight  and  authority 
of  these  bodies  supported  the  policy  and  acts  of  our  Engineering  Division 
should  lessen  the  psychological  difficulties  to  which  I  have  referred.  We 
all  know  that  an  author  is  pained  far  less  if  the  rejection  of  a  professional 
paper  is  by  a  committee  than  if  it  is  by  an  individual  officer.  On  this 
same  principle,  the  increase  in  our  weight,  responsibility,  and  authority 
which  such  an  association  with  these  great  engineering  bodies  would 
create,  beside  increasing  the  attractiveness  of  our  invitations  to  cooperate 
in  research,  and  make  our  decisions,  selections,  and  appointments  juster 
and  wiser,  would  make  their  wisdom  and  justice  more  convincingly 
evident. 

The  end  of  the  war,  the  victory  of  the  world's  train-load  of  passengers 
over  the  anachronous  and  brutal  robbers  who  have  tried  to  hold  it  up 
at  pistol's  point,  leaves  us  all  unsettled.  We  have  to  adjust  ourselves 
to  an  order  which  must  needs  differ  materially  from  the  old.  This 
period  of  adjustment,  this  general  unsettling  of  mankind,  lends  itself 
to  advances  of  all  kinds.  The  frictional  resistance  to  change  which  it 
offers  is  of  the  low  friction  of  motion  as  distinguished  from  the  high  fric- 
tion of  repose.     Now  is  the  time  to  plan  for  the  new  order  of  research. 

The  reconstruction  of  our  own  conditions  and  of  those  of  Europe  and 
Africa  will  call  for  as  high  an  order  of  patriotism  as  the  war  has  demanded, 
for  while  the  need  of  wisdom  and  energy  will  be  as  great,  the  emotional 
attraction  of  war  will  be  lacking.  Our  devotion  to  this  work  is  called  for 
not  only  by  humanity  but  by  enlightened  interest.  Only  as  Europa 
is  rich  and  prosperous  can  she  buy  of  us.  Only  as  a  thoroughly  penalizea 
Germany  is  enabled  to  create  wealth  can  she  pay  her  debt.  That  a 
debtor  is  an  asset  is  as  true  of  nations  as  of  individuals.  Of  course  we 
must  care  first  for  allies,  then  for  the  truly  neutral  states,  and  then  for 
the  nominally  neutral  ones.  After  this  and  after  doing  all  we  can  to 
hasten  the  developmefnt  of  the  African  colonies,  with  due  care  that  they 
shall  go  only  to  those  powers  which  have  proved  their  fitness  for  the  up- 
lifting of  backward  peoples,  it  will  be  to  our  interest  to  enable  even  Ger- 
many to  renew  her  industries,  though,  of  course,  our  help  must  be  guarded. 
Here,  as  ever,  the  dictates  of  humanity  and  of  enlightened  self-interest 
are  alike. 

Note. — The  remainder  of  the  address  was  devoted  to  describing 
the  work  of  the  seven  committees  now  at  work  and  to  outlining  that  of 
fourteen  new  conunittees  now  proposed. 
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SUGGESTIONS  FOR  PREPARING  MANUSCRIPTS 

Have  your  name  and  address  on  the  first  page  of  your  manuscript. 
Typewritten  manuscript  is  preferred,  but  is  not  essential.  If  you  have 
the  manuscript  typewritten,  have  it  double  spaced  and  written  on  one 
side  of  the  page  only;  send  two  copies  to  us  if  convenient;  only  one  copy 
of  the  illustrations  is  desired.  In  tj^ewritten  manuscript,  formulas  are 
better  inserted  by  hand.  Keep  a  copy  of  your  manuscript  in  case  of  loss 
in  the  mail. 

Illustrations. — Photographs  reproduce  best  when  printed  on 
glossy  paper.  Solio  is  one  of  the  best  varieties.  A  good  print  is  prefer- 
able to  a  negative.  Blueprints,  drawings,  or  pen  or  pencil  sketches  can 
be  used  for  line  engravings,  but  care  should  be  exercised  to  make  them 
legible  and  clear,  especially  in  the  case  of  blueprints.  Tracings  or  photo- 
graphs of  drawings  are  preferable  to  blueprints.  Rough  sketches  can 
be  used,  if  necessary.  Photographs  should  be  sent  flat,  not  rolled.  Do 
not  put  reference  letters  or  other  marks  on  photographs;  if  such  letters 
or  marks  are  necessary,  fasten  a  piece  of  tracing  paper  to  the  top  edge, 
trace  a  rough  outline  of  the  picture  upon  it  and  then  place  all  letters, 
etc.  on  the  tracing  paper  in  the  exact  position  you  wish  them  to  appear. 

Restrict  the  number  of  micrographs  as  much  as  possible  on  account  of 
the  considerable  expense  involved.  Standard  magnifications  for  non- 
ferrous  metals  and  alloys  are  recommended  as  follows:  10,  25,  50,  75, 
100,  150,  250,  500,  750,  1000,  1500.  Micrographs  should  be  trimmed 
to  234  X  2}y'i\xk.  (six  micrographs  to  a  plate),  or,  if  larger,  up  to  3J^  X  4 
in.  (two  to  a  plate).  The  smaller  size  should  be  adopted  if  consistent 
with  adequate  representation  of  the  subject.  With  each  micrograph 
should  be  attached  an  explanatory  title,  together  with  the  actual  magni- 
fication, etching  medium,  treatment,  etc.,  indicating  what  the  author 
intends  to  show. 

Diagrams  in  which  there  is  little  or  no  detail  should  be  drawn  in 
the  size  that  they  are  desired  to  occupy  within  the  tj^ed  area  of  the  page 
{^\i  X  73^^  in.).  Large-scale  drawings  will  be  suitably  reduced.  The 
lettering  on  such  drawings  should  be  in  form  for  reproduction  with- 
out additional  tracing,  etc. 

Where  illustrations  are  very  numerous,  indicate  those  that  may  be 
omitted  with  least  loss  if  a  reduction  in  number  be  desired. 

Conciseness. — Delay  in  publication,  lack  of  attention  by  readers, 
and  subsequent  trouble  to  authors  is  often  caused  by  diff useness. 

References. — Confine  your  paper  particularly  to  new  material 
unless  it  is  intended  to  be  a  review  or  retrospect  of  a  subject.  Reports  of 
researches  may  profitably  be  introduced  by  a  description  of  the  prior  art. 
Footnotes  in  manuscripts  should  be  inclosed  between  two  horizontal 
lines  immediately  following  tlie  reference  mark.  If  a  book,  give  author, 
title,  volume,  page,  year  and  city  of  publication,  and  publisher's  name. 
If  a  i>eriodicai,  give  title,  volume,  number,  page,  and  date,  as  here  shown, 
if  available:  Engng.  &  Min,  Jnl  (Apr.  21,  1900)  69,  469. 

Abbreviations. — Always  use  figures  for  weights,  measures,  per- 
centage, degrees  of  temperature,  sums  of  money,  and  for  articles 
definitely  numbered,  such  as  No.  2  pig  iron.  Furnace  No.  3,  Test  2  of 
Series  VI,  etc.  In  other  cases,  spell  numbers  less  than  10  and  use  figures 
for  10  and  larger  numbers. 
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The  following  examples  show  also  some  abbreviations  to  be  used: 

2  lb.  (not  lbs.  or  pounds) 

7  ft.  6  in.  (not  T  6",  or  7  feet  6  inches) 

9  by  12  ft.  (not  9  X  12) 

18  per  cent,  (not  18%) 

43®  F.  (not  degrees,  or  Fahr.) 

If  no  definite  quantity  is  mentioned,  do  not  abbreviate  pounds, 
feet,    etc.    Example:  Several   feet   distant    (not   several  ft.  distant). 

In  decimal  numbers  having  no  units,  place  a  cipher  before  the  deci- 
mal point,  as  0.28  gm.  (not  .28). 


A  STUDY  OF  ENGINEERING  EDUCATION 

This  study  of  engineering  education  arose  out  of  the  action  of  a  joint 
committee  on  engineering  education,  representing  the  principal  engineer- 
ing societies.  The  committee  had  gathered  so  much  material  that  it 
decided  the  work  could  best  be  carried  out  by  some  one  trained  in 
applied  science,  who  would  devote  his  entire  attention  to  the  study.  The 
Carnegie  Foundation  therefore  asked  Prof.  Charles  R.  Mann,  of  the 
University  of  Chicago,  to  undertake  the  work.  After  making  a  thorough 
study  Prof.  Mann  has  made  a  most  comprehensive  report.  In  it  he 
says:  The  engineering  schools  of  the  United  States  began  their  work 
upon  a  definite  teaching  plan  and  one  that  had  at  least  pedagogic  con- 
sistency. But  during  the  past  half  century  the  course  of  study  has  been 
overlaid  with  many  special  studies  intended  to  enable  the  student  to 
deal  with  the  constantly  growing  applications  of  science  to  the  industries. 
As  a  result,  the  load  upon  the  student  has  become  so  heavy  that  there 
is  a  feeling  that  the  students  fail  to  gain  a  satisfactory  grounding  in  the 
fundamental  sciences  and  do  not  fulfil  the  expectations  of  engineers  and 
manufacturers  in  dealing  with  the  practical  problems  with  which  they 
are  confronted  on  leaving  school. 

At  present  60  per  cent,  of  those  who  enter  the  schools  fail  to  graduate, 
still  many  of  them  persist  in  engineering  and  make  a  success  of  it.  It  is 
evident,  therefore,  that  the  present  systems  of  admission  are  not  satis- 
factory. If  a  group  of  schools  will  take  up  the  careful  study  of  their 
entrance  systems  and  experiment  with  objective  tests  and  records  of 
the  students'  youthful  interests  and  achievements,  the  percentage  of 
elimination  can  be  reduced  to  at  least  a  fourth  of  its  present  size,  with 
an  enormous  saving  of  time,  energy,  and  money  for  both  student  and 
school. 

The  nxunber  of  required  credit  hours  per  week  should  be  less  than 
eighteen,  preferably  sixteen.  The  few  experiments  that  have  been  made 
indicate  that  college  students  do  their  best  work  when  not  more  than 
five  subjects  are  studied  at  a  given  time. 

A  third  essential  is  adequate  provision  in  the  first  two  years  for 
"orientation,"  contact  with  real  engineering  projects,  and  practical 
experiences.  Orientation  lectures  to  freshmen  meet  this  requirement 
to  a  certain  extent;  practical  work  in  surveying  parallel  with  trigonometry 
during  the  first  term  of  freshman  year  is  perhaps  more  effective;  but 
the  cooperative  system  of  Cincinnati  University  is  the  most  complete  and 
thoroughgoing  solution  of  this  problem  yet  presented.  One  of  the  com- 
mon complaints  of  employers  is  that  college  graduates  have  serious 
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difficulty  in  applying  theory  to  practice.  Hence  there  is  need  for  inter- 
relation between  the  concrete  and  the  abstract  throughout  the  entire 
college  course.  Universal  experience  indicates  that  the  most  effective 
method  of  learning  is  by  doing;  so  if  engineering  depends  ultimately  on 
power  to  interrelate  theory  and  practice  and  costs,  a  training  that  requires 
the  student  frequently  to  interrelate  these  three  fundamental  factors 
is  likely  to  yield  a  better  product  than  is  secured  from  a  training  that 
largely  ignores  their  interdependence. 

Professional  criticisms  of  the  schools  indicate  that  the  humanistic 
study  offer  the  greatest  opportunity  for  effective  changes  in  current 
practice,  because  lack  of  good  English,  of  business  sense,  and  of  under- 
standing of  men  are  most  frequently  mentioned  by  practising  engineers 
as  points  of  weakness  in  the  graduates  of  the  schools.  The  criticisms 
point  out  two  types  of  weakness,  namely,  lack  of  technical  facility  in 
expression,  in  business,  and  in  handling  men;  and  lack  of  appreciation 
of  and  interest  in  literature,  economics,  and  social  philosophy.  The 
difficulty-in  the  present  practice  evidently  lies  in  the  exclusion  from  the 
technical  work  of  all  consideration  of  the  questions  of  human  values  and 
costs,  and  tiie  isolation  of  the  humanistic  studies  from  all  technical 
interest. 

Three-fourths  of  the  1500  practising  engineers  questioned  on  the 
subject  agreed  that  they  had  never  found  foreign  languages  essential 
to  their  professional  careers,  and  one-half  of  them  thought  that  they 
should  not  be  required.  In  addition,  there  is  a  growing  conviction  among 
the  schools  that  for  students  of  engineering  the  time  now  spent  in  college 
on  foreign  languages  may  be  much  more  profitably  spent  in  other  ways. 

The  first  step  toward  successful  specialization  is  intelligent  sorting 
of  the  students,  so  that  each  is  led  as  definitely  as  possible  into  that  type 
of  work  for  which  he  is  fitted  temperamentally.  It  should  be  possible 
when  the  students  finish  the  common  core  of  the  engineering  curriculum 
to  divide  them  into  five  or  six  groups.  For  each  one  of  these  groups,  a 
curriculmn  should  be  framed  by  a  competent  conmiittee  on  the  same 
plan  as  that  used  for  the  common  core.  There  is,  however,  an  urgent 
need  that  a  number  of  the  schools  add  to  these  semi-specialized  groups 
one  in  production  engineering.  The  seriousness  of  this  need  has  been 
emphasized  by  war  conditions.  Until  recently  most  schools  have 
specialized  in  design,  with  the  result  that  at  present  fully  95  per  cent,  of 
the  production  managers  in  manufacturing  plants  are  not  coUege,  but 
shop-trained,  men. 

A  number  of  representative  engpeers,  when  questioned  concerning 
the  factors  that  are  most  powerful  in  determining  success  in  engineer- 
ing work  and  most  effective  in  building  up  the  engineering  profession, 
indicated  that  personal  qualities  such  as  common  sense,  integrity,  resource- 
fulness, initiative,  tact,  thoroughness,  accuracy,  efficiency,  and  under- 
standing of  men  are  universally  recognized  as  being  no  less  necessary  to  a 
professional  engineer  than  are  technical  knowledge  and  skill.  A  circular 
letter  stating  this  result  was  sent  to  the  30,000  members  of  the  four  large 
engineering  societies,  and  each  member  was  asked  to  number  six  groups 
of  qualities  headed  respectively  Character,  Judgment,  Efficiency,  Under- 
standing of  Men,  Knowledge,  and  Technique,  in  the  order  of  importance 
which  he  gave  them  in  judging  the  reasons  for  engineering  success  and 
in  sizing  up  young  men  for  employment  or  for  promotion,  s  More  than 
7OO0  engineers  replied  to  this  request,  and  94.5  per  cent,  of  these  placed 
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Character  at  the  head  of  the  list,  while  Technique  was  placed  at  the 
bottom  by  an  equally  decisive  majority.  Therefore  the  schools  that 
intend  to  train  engineers  cannot  afford  to  neglect  wholly  the  personalities 
of  the  students.  While  it  is  obvious  that  personal  traits  like  integrity, 
initiative,  and  common  sense  cannot  be  taught  didactically,  like  the 
rule  of  three,  the  growth  of  these  essential  characteristics  in  students 
may  be  fostered  and  encouraged  or  inhibited  or  discouraged  by  the 
manner  in  which  the  school  is  organized  and  the  subject-matter  presented. 


STANDARDIZATION  OF  TERMS  USED  IN  HYDRO- 
METALLURGICAL  OPERATIONS* 

Percolation  infers  the  passage  of  a  liquid  through  the  interstices  of 
any  material  or  materials  permitting  it.  Leaching  is  the  process  of 
extracting  soluble  matter  by  percolation.  Lixiviation  is  analogous  to 
leaching.  Percolation  and  leaching  may  occur  simultaneously.  A 
filter  may  be  used  either  to  strain  suspended  or  finely  divided  matter 
from  a  liquid,  when  it  is  known  as  a  clarifier,  or  to  separate  a  liquid  from  a 
solid.  Clarification  usually  infers  the  addition  of  some  settUng  or  floccu- 
lating agent  which  permits  the  decantation  of  the  clear  supernatant 
liquor.  The  simple  separation  of  solid  from  Uquid,  such  as  occurs  when  a 
thickened  flotation  concentrate  is  filtered,  is  usually  termed  dewatering. 
The  word  filtration  is  used  more  to  cover  the  complex  process  of  separa- 
ting, as  far  as  possible,  solid  from  liquid  by  vacuum  or  pressure,  removing 
the  residual  solution  by  wash,  and  at  the  same  time  leaching  any  recrys- 
tallized,  absorbed,  or  undissolved  matter  by  percolation  with  the  solvent. 

The  final  product  of  metallurgical  treatment  should  be  reported  as  a 
recovery  when  the  yield  is  refined  metal.  When  the  metallurgical  opera- 
tions are  incomplete  a^d  a  concentrated  but  not  refined  product  is 
obtained,  the  metal  content  should  be  reported  as  an  extraction. 


NEWS  FROM  MEMBERS  IN  SERVICE 

Major  William  R.  Grunow,  in  a  brief  account  of  his  military  services, 
says :  "  I  take  pleasure  in  informing  you  that  since  my  return  from  France  I 
have  been  stationed  at  Camp  A.  A.  Humphreys,  Va.,  and  am  now  on  duty 
as  a  Senior  Instructor  at  the  Engineer  Officers'  Training  School.  While 
in  France,  I  served  as  a  company  commander  in  the  305th  Engineers  and 
was  later  ordered  to  return  to  the  United  States  for  assignment  to  new 
troops.     Upon  arrival  in  the  United  States,  I  received  my  majority." 

P.  F.  Rodegerdts  gives  us  the  following  account  of  his  military  serv- 
ice: "I  enlisted  in  the  Naval  Reserve  Flying  Corps  in  San  Francisco  on 
Feb.  12,  1918.  On  February  16,  I  was  ordered  to  Cambridge,  Mass., 
where  I  was  enrolled  for  the  course  in  technical  aircraft  construction 
given  at  Massachusetts  Institute  of  Technology.  After  successfully 
completing  the  course  of  instruction,  I  spent  six  weeks  in  practical  con- 
struction of  seaplanes  at  the  Curtiss  aeroplane  factory  in  Buffalo.  Fol- 
lowing this,  I  was  assigned  to  active  service  at  Akron,  Ohio,  on  June  22, 
1918.  At  the  same  time  I  received  my  commission  of  ensign  U.  S.  N.  R.  F. 
Unfortunately,  I  have  been  kept  at  Akron  and  although  I  have  made 
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repeated  requests  for  foreign  service,  they  have  been  unsuccessful. 
My  duties  here  have  been  specifications  and  experimental  design  for 
li^ter-than-air  craft  being  built  by  the  Goodyear  Tire  &  Rubber  Co. 
Tlie  work  has  been  interesting,  with  plenty  of  opportunity  to  fly,  but  it  is 
rather  discouraging  to  feel  that  one  has  had  to  ''fight  the  war  in  Akron" 
instead  of  in  France.  I  expect  to  stay  in  the  service  until  about  June, 
1919,  when  the  present  program  of  construction  will  have  been  completed." 

Major  B.  W.  Vallat  of  the  6th  engineers  writes  us  the  following  particu- 
larly interesting  letter.  "Just  coining  out  of  the  line  for  a  rest  after  a 
hard  bit  of  service  and  relaxing  nerves,  I  feel  that  I  might  unload  a  few 
statements  upon  you  which  will  give  you  an  idea  of  what  the  engineers  are 
doing  over  here,  only  from  my  own  experience,  of  course.  First  let  me 
say  that  the  mining  engineer  has  made  good  in  front-Une  service  in  this 
war — and  without  any  special  training  in  the  military  service — simply  be- 
cause he  knows  how  to  handle  a  situation  that  suddenly  develops  and 
''wasn't  in  the  book."  He  handles  it  a  little  better  than  the  other  fellow 
who  has  not  had  the  misfortune  to  have  been  a  mining  engineer. 

"I  know  what  I  am  saying  because  I  had  the  honor  of  organizing  and 
going  into  service  with  a  battalion  of  mining  engineers  from  the  Lake 
Superior  and  western  district,  and  even  South  Africa  and  South  America. 
This  battalion  was  ofiicered  entirely  by  the  alumni  of  the  Michigan 
Collie  of  Mines,  with  many  of  the  graduates  in  the  ranks,  and  was  for 
the  most  part  made  up  of  fine  husky  young  fellows  who  were  miners, 
timbermen,  carpenters,  riggers,  blacksmiths,  etc.  in  and  about  the  mines. 
Many  of  the  officers  are  members  of  the  Institute.  This  battalion  be- 
came the  1st  Battalion  of  the  107th  engineers  attached  to  the  32d  Division, 
built  Camp  McArthur  at  Waco,  Tex.,  and  sailed  for  France  on  Jan.  29, 
1918. 

"The  regiment  was  put  to  work  as  soon  as  it  arrived  in  France,  con- 
structing barracks  and  hospitals  in  the  "advanced  zone,"  until  June, 
1918,  when  we  joined  the  32d  Division  on  the  Alsace  front  overlooking 
Mulhouse.  My  battalion  was  attached  to  the  40th  French  Army  Corps, 
for  whom  we  constructed  the  main  line  of  resistance  against  counter- 
attack. In  this  work  we  did  everything  from  digging  trenches,  putting 
in  defensive  wiring,  dug-outs,  camouflage,  all  under  fire,  to  blowing  up 
enemy  wire  entanglements  for  our  infantry  attacks.  '  This  work  our 
miners  and  mining  engineers  fairly  "ate  alive"  without  having  had  much 
previous  training  in  these  particular  operatioxis.  Our  work  here  called 
forth  the  admiration  and  praises  of  the  French  Corps  officers,  both 
engineer  and  Une. 

'  'Our  next  big  job  started  July  25,  when  we  were  rushed  over  to  Chateau 
Thierry,  crossed  the  Marne,  and  took  up  our  sector  in  the  big  drive  to 
the  Vesle  river.  Our  problem  here  was  a  big  one.  It  consisted  first 
in  getting  our  army  forward  with  all  possible  speed  over  impassable 
roads,  bmlding  emergency  bridges  to  replace  those  destroyed  by  the 
enemy,  preparing  pontoons  for  crossing  the  Vesle  river,  besides  many  side 
issues  of  our  own,  such  as  carrying  in  wounded  and  carrying  out  food  to 
isolated  groups  of  infantry  in  the  front  Une  who  could  not  be  reached  in 
the  regular  way.  Again  our  mining  engineers  showed  their  adaptability 
and  resourcefulness  and  we  "got  the  army  forward,"  whether  it  was 
according  to  the  approved  methods  of  our  regular  army  engineers  or  not. 
We  got  results  good  enough  to  draw  forth  the  commendation  of  the 
commandmg  general  of  the  division.     You  will  remember  the  rapid  ad- 
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vance  here  between  July  28  and  August  6,  covering  record  distances. 
Those  were  the  times  we  didn't  sleep  for  days  and  our  men  worked  until 
they  dropped  from  wounds  or  exhaustion.    The  experiences  met  with 
would  make  a  story  in  itself  of  interest  to  (mr  engineers  at  home,  and  if  . 
we  ever  get  back  there  we  will  be  glad  to  tell  you  ''everything  we  know." 

''The  A.  E.  F.  has  no  regard  for  congenial  famiUes,  and  started  to 
break  us  up  after  this.  On  September  1,  I  was  assigned  as  C.  O.  1st 
BattaUon  6th  Engineers,  which  is  considered  the  first  in  the  regular 
army  and  has  a  wonderful  record  over  here  for  its  past  work.  It  was 
this  regiment  that  held  the  "British  line  at.  Amiens  last  March  until 
relieved.  The  6th  is  part  of  the  3d  Division  and  3d  Army  Corps.  It  is 
a  wonderful  organization  and  I  am  proud  to  be  part  of  it. 

'^If  I  thought  I  had  seen  hard  service  with  the  107th  it  was  because  I 
didn't  know  what  was  before  us.  On  September  15,  we  started  a  series 
of  marches  in  rain  and  mud,  such  as  only  France  can  produce,  and  after 
mobilizing  with  the  3d  Division  prepared  for  a  "big  show. "  On  Septem- 
ber 26,  we  started  in  the  big  drive  of  the  First  American  Army  west  of 
Verdun.  We  marched  in  mud  and  rain  again  until  we  got  to  what  were 
once  roads  through  what  had  just  been  "no  man's  land."  Here  we 
found  ourselves  corps  engineer  troops,  again  following  up  a  big  drive, 
and  it  was  up  to  us  to  get  the  army  forward.  The  rains  continued.  We 
lived  in  shell  holes  (when  we  sat  down  for  a  rest),  fought  the  roads  night 
and  day,  and  handled  all  traffic  through.  The  last  statement  means 
much  more  than  I  can  explain  now — ^it  might  express  the  situation 
better  by  saying  "we  man-handled  traffic  through."  This  continued 
until  October  5,  when  we  were  called  into  the  line  as  infantry  reserves. 
This  means  that  we  just  moved  around  back  of  the  line  under  a  harrassing 
and  destructive  fire  from  the  enemy,  which  was  most  trying.  On 
October  20,  we  were  called  upon  to  make  an  attack  on  the  first  important 
army  objective  (Claire  Ch^ne  Forest),  hold  it,  and  fortify  it.  This  we 
did  in  the  face  of  serious  difficulties  and  held  it  for  six  days  longer  before 
being  relieved.  Oiu*  men  displayed  a  wonderful  spirit  under  most  trying 
conditions,  all  of  which  will  come  out  later. 

"I  trust  this  will  give  you  some  idea  of  what  our  engineers  are  doing 
over  here.  We  all  hope  that  we  have  seen  the  last  of  the  heavy  work  and 
that  we  may  soon  be  home  to  tell  you  more  about  it." 


ADDITIONAL  LIST  OF  MEMBERS  OF  THE  INSTITUTE 

IN  MILITARY  SERVICE 

(The  following  list  contains  the  names  of  those  members  of  the  Institute  of  whose 
connection  with  military  service  we  have  only  recently  become  acquainted.) 

Adair,  Arthur  C,  Corporal,  4th  Co.,  1st  Tr.  Bn.,  154th  D.  B., 
Camp  Meade,  Md. 

Batchblor,  Stillman,  I'st  Lieut.,  Co.  6,  E.  O.  T.  S.,  Camp  Humphreys, 
Va. 

Bates,  Bennett  R.,  Ist  Lieut.,  Engineers,  Co.  3,  E.  0.  T.  S.,  Camp 
Humphreys,  Va. 

Bjorge,  Guy  N.,  Co.  3,  E.  O.  T.  S.,  Camp  Humphreys,  Va. 

Boas,  Ross  H.,  U.  S.  A. 

Bradley,  D.  H.,  Jr.,  Capt.,  408th  Engineers,  Camp  Cody,  N.  M. 

Brinton,  Owen  F.,  Capt.,  Engineers,  U.  S.  A. 

Brown,  Harold  C,  2d  Lieut.,  A.  S.  A.  P. 
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BuBDETTB,  R.  S.,  Capt.,  Ordnance  Dept.,  U.  8.  A. 

CoLBUBN,  C.  LoBiMBRy  Capt.,  140th  Engineers,  Camp  Shelby,  Miss. 

CoRBETT,  CuFTON  8.,  2d  Lieut.,  C.  A.,  O.  R.  C. 

Duncan,  Dan  McLean,  2d  Lieut.,  312th  Engineers,  A.  E.  F. 

Fleming,  J.  R.,  1st  Lieut.,  A.  8.  A.,  U.  S.  Anny  School  of  Military 
Aeronautics,  University  of  Illinois,  Urbana,  111. 

Galbbaith,  Charles  8.,  Sapper  No.  52526,  Australian  Engineers' 
Depot,  Brightlingsea,  Essex,  England. 

Goldsmith,  Osheb,  Candidate,  22d  Training  Battery,  F.  A.  C.  O.  T.  8., 
Camp  Zachary  Taylor,  Ky. 

Hambott,  E.  p.,  Lieut.,  319th  Engrs.,  American  E.  F.,  France. 

Hill,  Joseph  H.,  Co.  D,  209th  Engineers,  Camp  Sheridan^  Ala. 

Iddings,  Abthub,  Cadet,  Air  Service,  Hanover,  Ind. 

Ingebsoll,  Guy  E.,  U.  S.  Army. 

EiSHMAN,  Maubice  W.,  Ist  Licut.,  E.  O.  T.  8.,  Camp  Humphreys,  Va. 

Lasieb,  Fbedebick  G.,  Capt.,  Engineers,  Room  4-836  OflBice,  Chief 
of  Engineers,  War  Dept.,  Washington,  D.  C. 

Little,  James  M.,  1st  Lieut.,  Engineers,  U.  S.  A. 

LoNGYEAB,  J.  M.,  Jb.,  2d  Lieut.,  Coast  Artillery,  O.  R.  C. 

Lynch,  William  W.,  27th  Engineers,  American  E.  F.,  Care  Post- 
master, New  York. 

McHabdy,  R.  H.,  Candidate,  Co.  3,  Coast  Artillery  Training  School, 
Ft.  Monroe,  Va, 

Mebbitt,  Floyd  C,  U.  8.  A.,  Camp  Humphreys,  Va. 

Neustaedteb,  Habold  a.,  Erie  Proving  Grounds,  Ohio. 

Olingeb,  Robebt  W.,  35th  Co.,  Central  Machine  Gun  O.  T.  S., 
Camp  Hancock,  Ga. 

Olivbbos,  Reginald  P.,  U.  8.  Army. 

Pehbson,  Elmeb  W.,  Co.  6,  E.  O.  T.  8.,  Camp  Humphreys,  Va. 

Reed,  Cabl  8.,  Major,  Ordnance  Dept.,  U.  8.  A.,  1107  Broadway, 
New  York  City, 

RiCHELSEN,  Walteb  A.,  Ist  Licut.,  428th  Engineers,  U.  8.  A.,  Camp 
Humphreys,  Va. 

Robebts,  Thomas  8.,  1st  Lieut.,  Co.  3,  Camp  Humphreys,  Va. 

Sanfobd,  Chabd  O.,  1st  Lieut.,  403d  Engineers,  Port  Douglass,  Utah. 

Schmidt,  William  C.,  Jb.,  Co.  6,  E.  O.  T.  8.,  Camp  Humphreys,  Va*. 
(Discharged  Nov.  27,  1918.) 

Segall,  Julius,  4th  Co.,  U.  8.  A.,  8.  A.  P.,  Kodak  Park,  Rochester, 
N.Y. 

Sheabeb,  Habold  K.,  Field  Artillery  OflBicers'  Training  School,  Camp 
Zachary  Taylor,  Ky. 

Spbuance,  W.  C.,  Jb.,  Col.,  U.  S.  A.,  Ordnance  Dept.,  Washington, 
D.  C. 

SuLTZBB,  H.  D.,  1st  Lieut.,  417th  Engineers,  Camp  Humphreys,  Va. 

Thompson,  Wabben  D.,  Co.  3,  E.  O.  T.  8.,  Camp  Humphreys,  Va.  . 

Tbouncb,  Habby  D.,  Capt.,  Engineers,  U.  8.  A.,  606th  Engineers, 
Camp  Humphreys,  Va. 

VooEL,  Hebman  H.,  Medical  Replacement  Unit  No.  35,  Overseas 
Casuals,  Camp  Merritt,  N.  J; 

Westbbvelt,  E.  W.,  Lieut.,  E.  O.  T.  8.,  Camp  Humphreys,  Va. 

WiLLisTON,  Geobge  F.,  Artillery  O.  T.  8.,  1st  Co.,  Ft.  MacArthur, 
Calif. 

Woodwobth,  Guy  T.,  36l8t  Ambulance  Co.,  American  E.  F.,  France. 
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PERSONAL 

The  following  is  an  incomplete  list  of  members  and  guests  who  called 
at  Institute  headquarters  during  the  period  Nov.  10;  1918  to  Dec.  10, 1918. 


Arthur  C.  Adair,  Camp  Meade,  Md. 

Arthur  K.  Adams,  Camp  Humphreys,  Va. 

Toner  Antisell,  Chevy  Chase,  Md. 

V.  W.  Aubel,  New  Castle,  Pa. 

A.  C.  Black,  El  Paso,  Tex. 

O.  F.  Brinton,  Baxter  Sp^.,  Kans. 

C.  S.  Corbett,  Mmneapolis,  Minn. 

W.  M.  Corse,  Mansfield^  Ohio. 

G.  C.  Crossley,  Toms  River,  N.  J. 

H.  S.  Emlaw,  Grand  Haven,  Mich. 

Rudolph  Emmel,  Boston.  Mass. 

S.  G.  Garrett,  U.  S.  N.  R.  F. 

Lt.  Francis  Geib,  Denver,  Colo. 

Wm.  E.  Hubbard,  Wichita  Falls.  Tex. 

Arthur  Iddings.  Wichita  Falls,  Tex. 

Zay  Jeffries,  Cleveland,  Ohio. 

S.  J.  Elidder,  Mogollon,  N.  M. 

Lt.-Col.  W.  H.  Lanagan  (Engrs.). 

Major  W.  F.  Lewis  (Engrs.). 

O.  M.  Lewyn. 

A.  McClintock,  DeKalb  June,  N.  Y. 

Major  Donald  G.  MiUer,  N.  M. 


L.  S.  Mitchell,  Montreal,  Canada. 
T.  £.  Mitchell,  San  Francisco,  CaL 
H.  Mortimer-Lamb,  Montreal,  Canada. 
Edmund  Newton, 

Paul  T.  Norton,  Jr.,  Columbus,  Ohio. 
Elmer  W.  Pehraon,  San  Jos6,  Cal. 
Joseph  E.  Pogue,  Washington,  D.  C. 
T.  C.  Roberts,  E.  Orange,  N.  J. 

D.  R.  Semmes,  Richmond,  Va. 

H.  L.  Slosson,'Jr.,  San  Francisco,  Cal. 
W.  H.  Stover, 

A.  L.  Sweetser,  Boston,  Mass. 
Lt.  H.  B.  Taylor,  Kansas  City,  Mo. 
Kirby  Thomas,  New  York. 
Benj.  F.  Tibby,  Salt  Lake  City,  U. 
J.  L.  Towne,  Whitepine,  Colo. 
Chas.  W.  Tubby,  St.  Paul,  Minn. 
A.  G.  Waite,  Brookline,  Mass. 
Timothy  D.  Walsh,  Denver,  Colo. 
Thomas  Warner,  Phoenix,  Ariz. 
J.  P.  B.  Webster,  London,  England. 

E.  W.  Westervelt,  Los  Angeles,  Cal. 


C.  E.  LeN.  Arnold,  formerly  with  the  Inspiration  Cons.  Copper  Co. 
at  Inspiration,  Ariz.,  has  accepted  a  position  with  the  Consolidated 
Arizona  Smelting  Co.  at  Mayer,  Ariz. 

n.  H.  Berthier  has  been  transferred  from  the  Higueras  Unit  of  the 
Compania  de  Minerales  y  Metales,  S.  A.,  to  the  lead  and  copper  smelter 
of  the  Compania  Metalurgica  de  Torreon,  S.  A.,  at  Torreon,  in  the  ca- 
pacity of  assistant  superintendent. 

Bfarry  Boyle  is  chief  inspector  for  the  United  States  Fuel  Adminis- 
tration in  Seattle,  Wash. 

Frederick  J.  Bnil6  is  in  the  construction  department  of  the  Braden 
Copper  Co.,  120  Broadway,  New  York. 

Frank  D.  Carney  has  removed  from  Bethlehem,  Pa.,  to  40  Wall  St., 
New  York  City;  he  is  with  Carney  &  Lindemuth,  consulting  engineers 
and  metallurgists. 

T.  C.  Chen  has  accepted  the  position  of  blast-furnace  engineer  with 
the  Yangste  Engineering  Works,  Seven  Mile  Creek,  near  Hankow,  China. 

Charles  Y.  Clayton,  recently  with  the  Department  of  the  Interior, 
Bureau  of  Mines,  Pittsburgh,  Pa.,  after  Jan.  1,  1919,  will  be  connected 
with  the  Missouri  School  of  Mines,  Department  of  Metallurgy  and  Ore 
Dressing. 

H.  A.  DeWitt  has  changed  his  position  from  mining  engineer  with  the 
Chiksan  Mining  Co.,  of  Korea,  to  that  of  mining  engineer  with  the  Colo- 
rado Mining  Co.,  of  Arroyo,  Masbate,  P.  I. 

Clarence  T.  Emrich  resigned  his  position  as  chief  chemist  with  the 
Old  Dominion  Co.  to  accept  the  position  of  assistant  superintendent 
with  the  International  Smelting  Co.  at  Miami,  Ariz. 

M.  R.  Evans,  formerly  senior  inspector  with  the  Associated  Com- 
panies, has  resigned  to  accept  the  position  of  safety  engineer  for  M.  A. 
Hanna  &  Co.,  of  Cleveland,  0.,  with  headquarters  at  Wilkes-Barre,  Pa. 


American  Institute  op  Mining  Engineers  xxxvii 

Walter  V.  Fox  has  assumed  the  management  of  the  Ward  Mining  and 
Milling  Co.,  operating  a  350-ton  per  shift  zinc  mine  and  mill  at  Lincoln- 
ville,  Okla.',  and  also  a  gold  property  in  Gilpin  Co.,  north  of  Idaho  Springs, 
Colo. ;  his  new  address  is  P.  0.  Box  202,  Quapaw,  Okla. 

Chester  A.  Fulton  is  now  superintendent  of  the  Carlota  mines,  Cum- 
anayagua,  Provincia  Santa  Clara,  Cuba. 

P.  S.  Haury,  late  of  Alta  Loma,  Calif.,  is  now  with  the  Silver  State 
Mines  Co.  at  Lower  Rochester,  Nev. 

Willis  Lawrence  has  accepted  a  position  as  manager  of  the  Estaca 
mines  of  the  Mexican  Candelaris  Co.,  S.  A.  Care  Escobosa,  Bumd  y 
Cia.,  San  Ignacio,  Sinaloa,  Mexico;  he  was  recently  manager  of  the  Oat 
Hill  quicksilver  mines. 

E.  T.  Lednum  has  changed  his  position  to  that  of  manager  with  the 
E.  I.  DuPont  de  Nemours  Co.,  Ideal  Bldg.,  Denver,  Colo. 

Lewis  B.  Lindemuth,  of  the  firm  of  Carney  &  Lindemuth,  formerly 
at  Bethlehem,  Pa.,  now  has  offices  at  40  Wall  St.,  New  York  City. 

H.  T.  Marshall  is  with  the  Nevada  Consolidated  CdJ)per  Co.  at  the 
Steam  Shovel  mine,  Ruth,  Nev.,  where  he  holds  the  position  of  chief 
engineer. 

Phillip  Maverick  is  with  the  Greene  Cananea  Copper  Co.  at  Cananea, 
Son.,  Mexico,  in  the  capacity  of  testing  engineer. 

T.  Poole  Maynard,  Ph.  D.,  geological  and  industrial  engineering, 
Atlanta,  Ga.,  has  been  made  southern  representative  of  the  Research 
Corporation  of  New  York. 

Whitney  P.  Mee  is  chief  chemist  with  the  American  Smelting  & 
Refining  Co.  at  the  Matehuala  plant,  San  Luis  Potosi,  Mexico. 

David  Morgan,  formerly  superintendent  of  the  United  Verde  Exten- 
sion Mining  Co.,  has  accepted  the  position  of  manager  with  the  Verde 
Combination  Copper  Co.  at  Jerome,  Ariz. 

John  W.  Moule  is  leaving  the  Great  Cobar  Co.  to  become  assistant 
manager  for  the  Burma  Corporation  Limited,  Namtu,  Burma. 

Robert  Musgrave,  mining  engineer,  has  accepted  a  position  with  the 
Moctezuma  Copper  Co.  at  Nacozari,  Sonora,  Mexico. 

Charles  A.  Randall  has  been  appointed  manager  of  the  Dome  Lake 
Mining  and  Milling  Co.,  Ltd.,  South  Porcupine,  Ontario,  Canada,  in 
place  of  A.  H.  Brown,  resigned. 

Bi^nt  N.  Rickard,  metallurgist,  has  accepted  a  position  with  the 
American  Smelting  &  Refining  Co.  at  the  plant  in  Murray,  Utah. 

Charles  H.  Schmalz  has  accepted  the  position  of  superintendent  with 
the  Hanna  Engineering  Works,  1765  Elston  Avenue,  Chicago,  111. 

J.  T.  Shimmin  is  at  present  with  the  Arizona-Hercules  Mining  Co. 
at  Belgravia,  Pinal  Co.,  Ariz.,  as  superintendent  of  the  plant. 

Ardiur  L.  Sweetser,  mining  engineer,  has  accepted  a  position  on  the 
editorial  stafif  of  the  Engineering  &  Mining  Journal,  10th  Ave.  &  36th 
St.,  New  York,  N.  Y. 

Percy  C.  Thomas  has  resigned  his  position  as  manager  of  mines  with 
the  New  River  Co.  and  has  accepted  a  position  as  general  manager  with 
the  East  Gulf  Coal  Co.,  East  Gulf,  Raleigh  Co.,  West  Va. 

Marvin  J.  Udy  has  accepted  the  position  of  chief  chemist  with  the 
Haynes  Stellite  Co.,  of  Kokomo,  Ind. 

S.  Power  Warren  is  at  present  employed  on  the  metallurgical  staff 
of  the  Utah  Copper  Co.  at  Salt  Lake  City,  Utah. 
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Henry  S,  Winans,  of  Denver,  Colo.,  has  resigned  his  position  with 
the  W.  8.  Tyler  Co.,  of  Cleveland,  Ohio  and  is  now  representing,  from 
Denver  to  the  Pacific  Coast,  Chalmers  &  Williams,  of  Chicago  Heights, 
lU. 

Oba  Wiser  has  resigned  his  position  as  metaUurgical  engineer  for 
Chino  Copper  Co.,  Hurley,  N.  M.,  to  assume  the  active  management  of 
the  Republic  Mining  and  Milling  Co.,  Hanover,  N.  M. 


ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

No.  504. — ^Member,  technical  graduate,  draft  exempt,  who  has  been 
employed  as  research  chemist  in  cyanidation  and  flotation  for  past  5  years, 
desires  position  with  large  company  as  metallurgist  or  assistant  mill 
superintendent.  •  Especially  experienced  in  flotation  of  gold  and  silver 
ores,  but  am  also  familiar  with  flotation  of  lead-zinc  ores.  Foreign  serv- 
ice not  desired.    Will  be  at  liberty  after  Dec.  1,  1918. 

.  No.  505. — Member,  graduate  mining  engineer,  with  8  years'  practical 
experience,  including  experience  as  superintendent.  Desires  position  as 
engineer,  foreman  or  superintendent  of  mine. 

No.  509. — Petroleum  geologist  and  engineer,  member,  now  engaged 
in  consulting  work,  with  five  years'  experience  in  Mid-Continent  and 
Eastern  fields,  desires  position  with  responsible  concern  either  in  South 
or  South  American  countries. 

No.  510. —  Chemical  engineer,  member,  technical  graduate,  at  present 
officer  in  Chemical  Warfare  Service  of  the  United  States  Army,  desires 
position  in  the  East.  Several  years'  experience  in  design,  construction, 
and  operation  of  chemical  and  metallurgical  plants.  Minimiun  salary, 
$200.    Available  Jan.  1,  1919. 

No.  511. — Mining  engineer,  32  years  old,  single,  desires  position. 
Speaks  Spanish  and  French.  Recently  manager  of  large  copper  mines. 
Experience  in  steam  shovel  and  underground  mining. 

No.  512. — Mining  engineer,  technical  graduate,  member,  32  years 
old,  single,  10  years'  experience  in  United  States,  Mexico  and  Central 
America  in  mining,  prospecting,  milling,  chemical  research  and  business 
experience.  Speaks  Spanish.  Open  for  engagement  as  superintendent 
or  assistant.    Can  give  references  as  to  ability  and  integrity. 

No.  513. — Steel  plant  engineer.  Member,  technical  graduate, 
married,  age  28,  four  years'  experience  in  efficiency,  drafting  and  opera- 
ting in  steel  plants.  Executive  ability.  Desires  a  change  of  position. 
Will  consider  a  foreign  proposition. 

No.  514. — Member,  age  27,  geologist  and  chemist,  with  experience 
in  the  analysis  and  production  of  the  ferro-alloys,  particularly  ferro- 
tungsten  and  ferro-molybdenum  and  of  the  ores  of  the  rare  metaJs,  open 
for  engagement.  At  present  engaged  in  research  work  in  the  Chemical 
Warfare  Service. 

No.  515. — ^Member,  age  33.  Graduate  mining  engineer  with  10 
years'  experience  in  copper,  iron  and  gold;  also  open-pit  mining.  At 
present  Major  of  Engineers,  U.  S.  Army,  but  expect  to  be  able  to  obtain 
discharge  soon. 

No.  516. — ^Metalliu^gical  and  chemical  engineer,  married,  age  34, 
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degree  Ch.  E.  Eleven  years'  experience  in  the  technical  direction  of  chem- 
ical, physical,  and  metallurgical  laboratories,  and  the  supervision  of  the 
heat  treatment  of  carbon  and  alloy  steels.    Available  now. 

No.  517. — -Engineer  or  superintendent.  Member,  technical  graduate, 
41  years  old.  Ten  years  in  Mexican  mines,  speaks  Spanish,  8  years  in 
this  country.  Experience  in  office  account  installing  and  keeping, 
surface  layout,  and  underground  work  both  in  development  and  in  pro- 
ducing mines. 

No.  518. — ^Member,  single,  age  35  years,  7  years'  experience  in  metal 
mining,  all  capacities,  in  West,  Chile  and  British  Columbia.  Resigned 
position  of  supt.  small  gold  mine  in  British  Columbia  to  accept  com- 
mission in  Engineers,  U.  S.  A.  Now  open  for  immediate  engagement 
as  metal-mine  superintendent  or  assistant  in  U.  S.,  Canada  or  northern 
Mexico,  or  on  examination  work.  Energetic,  resourceful,  and  can  furr 
nish  best  of  references. 

No.  519.— Position  wanted  as  examining  engineer  by  member  having 
technical  training  and  8  years'  experience  in  examinations,  assay  office, 
cyanide  plant  and  operation  of  mine.    No  objection  to  foreign  countries. 

No.  520. — ^Member,  age  35,  married.  Experience  in  gold  dredging, 
and  placer,  clay,  and  lode  mining  in  the  United  States  and  Mexico. 
Two  and  half  years  with  present  employers  as  general  superintendent 
of  mines  and  nulling  department.    Available  on  30  days'  notice. 

No.  521. — Member,  graduate  engineer,  over  20  years'  experience  in 
connection  with  large  coal  operations,  including  positions  as  general 
superintendent  in  different  parts  of  country,  desires  position  as 
general  superintendent  with  large  operating  company  or  will  take  an 
interest  with  the  management  of  a  smaller  operation.  Good  references 
if  desired. 

No.  522. — For  staff  position,  or  manager.  A  technically  trained 
graduate,  E.  M.,  of  18  years'  experience  chiefly  devoted  to  the  mining 
and  metallurgy  of  gold  and  silver  and  in  part  with  copper  and  manganese, 
terminating  his  third  engagement  by  the  present  firm  as  engineer  and 
metallurgist,  will  be  available  December  1,  for  service  in  United  States, 
Canada,  Central  America  or  the  Rand.  Reference,  qualifications  and 
details  may  be  consulted  at  the  office  of  the  Institute. 

No.  523. — 'Member,  age  33,  single,  graduate  engineer.  Experience 
as  assayer,  surveyor,  mine  accountant.  Held  positions  as  foreman  and 
superintendent  of  mines,  and  engineer  in  consulting  capacity.  At 
present  an  ensign  in  the  U.  S.  Navy,  but  open  for  engagement  in  the  near 
future. 

No.  524. — Superintendent  or  mining  engineer,  technical  education. 
Ten  years  in  mining  and  construction  work  in  Southwest  as  engineer 
and  superintendent  of  copper  and  lead-silver  properties.  Free  after 
January  1. 

No.  525. — Member,  technical  graduate,  married,  age  34.  Seven 
and  one-half  years'  experience  in  mining,  timbering,  and  mine  sampling. 
Prefer  position  assisting  mining  engineer.  At  present  Captain  in  U. 
8.  Army,  commanding  a  battalion  of  the  19th  U.  S.  Infantry,  but  open  for 
engagement  in  near  future. 

No.  526. — ^At  liberty  about  Mar.  1,  1919.  Returning  from  France, 
a  Captain  of  Engineers.  Member  A.  I.  M.  E.,  A.  I.  E.  E.,  35  years  old, 
technical  education.    Last  six  years  of  civil  life  as  electrical  engineer. 
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master  mechanic  and  superintendent  of  construction  with  large  mining 
company.    Salary  expected,  13600  per  year. 

No.  527. — ^Artillery  officer  at  present  in  France,  graduate  mining 
and  metallurgical  engineer  with  8  years'  practical  experience  in  mining, 
milling  including  flotation,  and  smelting,  desires  position  with  develop- 
ing or  operating  company  upon  release  from  Army.    Will  go  anywhere. 


POSITIONS  VACANT 


Wanted. — Engineer  for  copper-leaching  plant,  designing  building  and 
operations.    No.  361. 

Wanted.— Competent,  designing-engineer  draftsman,  experienced  m 
mill  design,  construction  and  operation.  Also  in  cement  works  engi- 
neering, ore-dressing  or  concentrating  plants.  Should  be  able  to  design 
and  make  working  drawings  of  machinery.    Salary  13000.    No.  362. 

Assistant  Manager. — By  large  mining  and  cyanide  milling  company, 
located  in  Northern  Mexico.  Applicant  must  be  mining  engineer  with 
executive  ability;  must  speak  Spanish;  have  good  practical  knowledge 
of  principles  of  mining  and  cyanidation  silver  sulfide  ores;  must  be 
capable  of  handling  large  organization  during  absence  of  manager.  Only 
first-class,  competent  man  below  middle  age  need  apply.  Copies  of 
references  and  full  information  covering  experience  required.  State 
minimum  salary  expected.    No.  363. 


FORTHCOMING  MEETINGS  OF  SOCIETIBS 


Organisation 


Date 


International  Mining  Convention  (Auspices,  Van- 
couver Chamber  oiMines) 

American  Institute  of  Consulting  Engineers,  Inc . . . 

American  Society  of  Civil  £}ngineers 

Institute  of  Chemical  Engineers.^ 

American  Wood  Preservers  Association 

American  Society  of  Heating  and  Ventilating  Engi- 
neers  

Automotive   Engineers 

American  Institute  of  Mining  Encmeers 

New  England  ABSodation  of  Gas  £n^eers 

American  Institute  of  Electrical  Engineers 

National  Society  for  the  Study  of  Education 

American  Railway  Engineering  Association 


Vancouver,  B.  C. 
New  York,  N.  Y. 
New  York.  N.  Y. 
Chicago,  111. 
St.  Louis,  Mo. 

New  York,  N.  Y. 
New  York,  N.  Y. 
New  York.  N.  Y. 
Boston,  Mass. 
New  York  N.  Y. 
Chicago,  III. 
Chicago,  HI. 


1919     " 

Jan.  8-10 
Jan.  13 
Jan.  15-16 
Jan.  15-18 
Jan.  28-30 

Jan.  28-^30 
Feb.  4-6 
Feb.  17-20 
Feb.  19 
Feb.  19-21 
Feb.  25-28 
Moh.  lS-20 


BIOGRAPHICAL  NOTICES 

FREDERICK  G.  BRBNNEMAN 

Frederick  G.  Brenneman  died  of  pneumonia  at  his  home  at  Pottsville, 
Pa.,  on  November  24.  He  was  in  the  class  of  1912,  of  the  Pottsville  High 
School,  attended  Bellefonte  Academy,  and  graduated  from  the  Colorado 
School  of  Mines,  at. Golden,  Colo.,  in  1916.  He  is  survived  by  his 
parents,  Mr.  and  Mrs.  Philip  Brenneman  and  three  brothers,  Louis  P. 
and  Robert  C.  at  home,  and  John  F.,  of  Camp  Merritt,  N.  J.    Mr. 
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Brenneman  had  been  an  engineer  in  the  copper  districts  of  Idaho  and 
Montana  previous  to  his  services  with  the  New  Jersey  Zinc  Co.,  and  • 
had  just  completed  supenntending  the  erection  of  the  new  structure  near 
Easton  for  the  preparation  of  medicated  zinc  oxide  for  the  use  of  the 
U.  S.  Government  in  the  treatment  of  gassed  soldiers. 

HOWARD  WEIDENER  DU  BOIS 

Howard  Weidener  Du  Bois  was  born  Sept.  16, 1868,  and.  died  Nov.  10,  * 
1918.  He  was  a  graduate  of  the  Central  High  School,  Philadelphia,  a 
member  of  the  Class  of  1892  of  Lehigh  University,  and  did  some  special 
work  at  Princeton  in  1893.  His  work  in  connection  with  mining  com- 
menced about  1895,  when,  in  partnership  with  Charles  T.  Mixer,  he 
established  an  assay  laboratory  at  Ishpeming,  Mich.,  but  he  continued  to 
reside  in  Philadelphia.  From  1896  to  1904,  he  was  professor  of  applied 
mathematics  at  the  Central  High  School,  Philadelphia,  but  during  this 
period  he  spent  many  of  his  summer  vacations  in  mining  and  geological 
exploratory  work.  From  1905  until  his  death,  he  was  engaged  in  mining 
and  exploratory  work  in  this  country,  but  his  principal  activities  were  in 
British  Columbia  and  Alaska.  In  connection  with  work  in  British  Col- 
umbia, he  constructed  a  rather  large  hydraulic  development  embracing 
dams,  ditches,  and  wooden  stave  siphons  delivering  water  under  high 
head.  He  also  conducted  the  exploration  and  development  of  a  copper 
property  in  Alaska  and  made  a  prolonged  study  of  flotation  methods  in 
connection  with  the  treatment  of  ore.  He  spent  the  summer  of  1918 
in  Alaska  in  connection  with  work  upon  this  property  and  had  returned 
from  the  property  only  a  short  time  before  his  death.  In  1897,  he  mar- 
ried Miss  Francis  C.  Higbee,  of  Philadelphia,  and  is  survived  by  his  widow, 
a  son,  and  a  daughter. 

He  will  be  best  remembered  by  many  of  his  friends  for  his  interesting 
lectures  on  engineering  subjects.  He  collected  large  numbers  of  photp- 
graphs  and  pictures  illustrating  the  fauna  of  British  Columbia  and  Alaska 
and  his  lectures  were  replete  with  facts  of  interest  both  to  engineers  and 
the  general  public.  In  this  way  he  did  much  to  popularize  mining  science. 
He  was  a  member  of  the  Engineers  Club  of  Philadelphia,  Engineers  Club 
of  New  York,  American  Institute  of  Mining  Engineers,  Mining  and  Met- 
allurgical Society  of  America,  the  City  Club  of  Philadelphia,  the  Lehigh 
Club  of  Philadelphia,  the  Princeton  Club  of  Philadelphia,  American 
Society  of  Political  and  Social  Science,  the  Photographic  Society,  the 
Geographical  Society,  and  the  National  Geographic  Society. 

FREDERIC  A.  HALE,  JR. 

Frederic  Albert  Hale,  Jr.',  died  at  Good  Springs,  Nev.,  of  Spanish 
influenza  on  November  17.  At  the  time  of  his  death  he  was  manager  of 
the  Yellow  Pine  Mining  Co.  He  was  one  of  the  organizers  and  a  per- 
manent director  of  the  American  Zinc  Institute  and  one  of  the  most  promi- 
nent and  capable  engineers  and  mine  managers  of  the  West.  Born 
in  Denver,  Colo.,  Jan.  28,  1888,  he  was  graduated  from  the  Salt  Lake 
City  High  School  in  1905,  attended  Leland  Stanford  Jr.  University  from 
1905  to  1908,  and  graduated  from  the  University  of  Utah,  with  the  degree 
of  B.  S.  in  Mining  Engineering,  in  1910.  The  year  1908-09  was  spent 
in  practical  work.  He  leaves  a  wife,  Elizabeth  Critchlow  Hale,  and 
three  daughters. 
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HOWARD  S.  LEE 

Howard  S.  Lee  died  of  influenza  at  Silverton,  Colo.,  on  Oct.  26,  1918. 
Mr.  Lee  was  widely  known  throughout  Colorado  and  the  West  as  a 
mining  engineer  of  marked  ability.  He  was  the  son  of  Mrs.  D.  K.  Lee 
of  Denver,  Colo.,  and  was  born  in  Golden,  Colo.,  38  years  ago.  He  at- 
tended the  East  Denver  High  School,  Dr.  Holbrookes  Military  Academy 
at  Ossining,  N.  Y.,  and  finished  his  education  at  Leland  Stanford  Junior 
University,  where  he  was  prominent  in  athletics.  He  was  a  member  of 
the  Sigma  Nu  fraternity  and  the  American  Institute  of  Mining  Engineers. 

Ten  years  ago  he  became  associated  with  the  United  States  Smelting, 
Refining,  and  Mining  Co.  of  Boston  and  has  been  actively  engaged  in 
managing  several  properties  of  that  company.  Until  recently  he  was 
general  manager  of  the  LeadviUe  Unit,  the  vast  unwatering  project 
undertaken  on  Fryer  Hill  by  the  United  States  Co.  3  years  ago.  He 
had  recently  been  promoted  to  the  position  of  assistant  to  the  chief 
consulting  engineer,  and  expected  to  leave  soon  for  his  headquarters 
in  San  Francisco.  His  wife,  Mabel  Barbee  Lee,  and  one  child  survive 
him;  also  a  mother,  two  brothers,  and  a  sister. 

CLARENCE  SIDNEY  VERRILL 

Clarence  Sidney  Verrill,  born  May  6, 1877,  at  New  Haven,  Conn.,  was 
the  youngest  son  of  Prof.  Addison  Emory  and  Flora  Louise  (Smith) 
Verrill.  He  prepared  for  Yale  at  Hopkins'  Grammar  School,  New  Haven, 
and  at  the  Norwich  Free  Academy,  Norwich,  and  entered  Yale  in  the  class 
of  1896,  but  owing  to  ill  health  had  to  leave  college  for  a  year;  he  then 
entered  Sheffield  Scientific  School.  During  his  college  years,  he  and  his 
father.  Prof.  Addison  Emory  Verrill,  visited  Bermuda,  where  they 
collected  material  for  Prof.  Verrill's  books  on  Bermuda.  Mr.  Verrill's 
feats  of  diving  for  devil  fish,  clad  only  in  an  ordinary  bathing  suit,  were 
printed  in  the  magazines  at  that  time.  Another  year,  he  undertook 
to  finish  a  trip  around  the  world  on  his  bicycle  for  a  magazine.  This 
trip  was  begun  by  another  man,  who  presumably  lost  his  life  in  Turkey 
as  nothing  was  ever  found  of  him  but  his  wheel;  his  itinerary  took  him 
through  most  of  Europe  and  Great  Britain.  He  was  very  strong  and 
while  at  Yale  broke  all  previous  strength  test  records  and  was  the  strong- 
est college  student  in  America. 

Mr.  Verrill  took  a  post-graduate  course  in  mining  and  metallurgy 
at  Yale  and  started  his  career  as  a  mining  engineer  on  the  personal 
staff  of  John  Hays  Hammond  at  Stratton's  Independence,  Cripple 
Creek,  Colo.  When  the  strikes  closed  these  mines,  Mr.  Verrill  went  to 
Dominica,  W.  I.,  to  examine  some  sulfur  deposits;  at  this  time  he  visited 
practically  all  of  that  group  of  islands.  Upon  his  return,  he  was 
offered  the  superintendency  of  one  of  the  Robinson  Clay  Co.'s  plants 
in  Ohio.  He  was  next  offered  the  superintendency  of  a  gold  mine  at 
Republic,  Wash.;  while  there,  he  worked  out  a  treatment  by  which  80 
per  cent,  of  the  values  in  the  ores  could  be  extracted  at  a  cost  of  less  than 
$2  a  ton.  During  this  time  he  also  visited  Juneau,  Alaska,  for  some  time. 
Just  as  he  finished  the  work  of  running  his  ore  tests  at  Republic,  Mr. 
Wayne  Darlington,  general  manager  for  the  Bagdad,  Chase  Gold  Mining 
Co.,  of  Rochester,  N.  Y.,  offered  him  a  position  as  his  personal  assistant. 
In  January,  1907,  Mr.  VerriU  was  made  assistant  general  manager  of  this 
company.     In  1906,  he  married,  at  Los  Angeles,  Cal.,  Miss  Dorothy 
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Lord  Maltby,  yotingest  daughter  of  the  late  George  Ellsworth  and 
Georgia  Lord  (Morehouse)  Maltby,  of  New  Haven,  Conn.  One  child, 
a  daughter,  Rae  Maltby  Verrill,  was  born  Sept.  2,  1907,  at  Soulsbyville, 
Cal. 

In  December,  1906,  Mr.  Verrill  examined  the  Ajo  property  in  Arizona 
and  on  the  strength  of  his  report  the  people  then  operating  the  property 
were  enabled  to  proceed  with  their  development  work.  He  remained 
with  the  Bagdad,  Chase  Gold  Mining  Co.,  until  May,  1908,  when,  the  ore 
in  the  SoulsbyviUe  mine  failing,  both  Mr.  Darlington  and  he  resigned. 
He  then  went  to  Boise,  Ida.,  where  he  practised  as  consulting  engineer. 
During  this  time  he  and  Mr.  Darlington  went  to  Cripple  Creek,  Colo., 
where  they  examined  the  Golden  Cycle.  In  1910,  he  went  to  Vancouver, 
B.  C,  and  opened  an  office  as  consulting  engineer,  and  with  Mr.  Darling- 
ton, sold  the  Surf  Inlet  gold  mine  to  the  Tonopah  Belmont  Co.,  of 
Philadelphia.  Several  years  ago  he  became  greatly  interested  in  the 
Engineer  mine  near  Atlin,  B.  C.,  and  interested  Mr.  Darlington  in  it, 
both  later  going  to  the  property.  Mr.  Darlington  interested  the  Mining 
Corporation  of  Canada  in  this  property.  Mr.  C.  E.  Watson,  the  mana- 
ger, and  Mr.  J.  Randolph,  the  engineer  of  this  company,  with  Mr. 
Verrill,  visited  the  property  and  were  returning  on  the  Princess  Sophia 
when  it  was  wrecked  and  every  person  on  board  was  lost.  Mr.  Verrill  was 
buried  in  Juneau,  Alaska. 

Mr.  Verrill  had  great  faith  in  the  mining  resources  of  British  Colum- 
bia and  believed  that  the  various  ores  were  there  in  large  quantities. 
He  was  one  of  the  Directors  of  the  Chamber  of  Mines,  Vancouver,  and  of 
the  Belmont  Canadian  Mines,  Ltd.  He  was  a  keen  golfer  and  at  the 
time  of  his  death  was  a  member  of  the  Shaughnessey  Heights  Golf  Club 
and  the  Vancouver  Golf  Club,  Burnaby. 

PIERRE  D£  PETSTER  RICKETTS 

Kerre  de  Peyster  Ricketts  of  Ricketts  4  Co.,  Inc.,  who  died  in  New 
York  on  November  20,  was  bom  in  Brooklyn  seventy  years  ago.  He 
was  the  son  of  George  Robert  Ashe  Ricketts  and  Catherine  Adriana  de 
Peyster  Greene.  He  was  graduated  from  the  Columbia  School  of  Mines 
in  1871  and  received  his  degree  of  Ph*  D.  five  years  later.  After  being  an 
assistant  in  the  School  of  Mines  for  several  years,  in  1885  he  was  appointed 
professor  of  assaying  and  in  1893  was  made  professor  of  analytical  chem- 
istry and  assaying.  He  retired  from  the  teaching  staff  in  1900  to  become 
head  of  the  firm  of  Ricketts  &  Banks,  assayers,  chemists,  and  consulting 
engineers.  Dr.  Ricketts'  textbook,  "Notes  on  Assaying,"  published  in 
1876,  was  one  of  the  first  American  works  on  the  subject  and  was  exten- 
sively used  by  the  colleges  of  the  United  States. 

MERLE  LOUIS  NEBEL 

Merle  Louis  Nebel  was  born  in  Clinton,  Illinois,  March  27,  1892,  died 
October  12,  1918.  He  secured  his  preliminary  education  in  the  public 
schools  of  Clinton  and  in  1909  entered  the  University  of  Illinois  in  the 
course  of  mining  engineering,  graduating  with  the  degree  of  Bachelor  of 
Science  in  mining  engineering  in  June,  1913.  He  was  a  member  of  Tau 
Beta  Pi,  Sigma  Xi,  and  Scabbard  and  Blade.  Immediately  after  gradu- 
ation he  was  appointed  as  Research  Fellow  in  Mining  in  the  Engineering 
Experiment  Station  of  the  University  of  Illinois  and  continued  in  this 
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work  for  2  years  when  he  received  the  degree  of  Master  of  Science  in 
Mining.  During  this  time  he  made  a  very  interesting  and  creditable 
research  in  connection  with  the  specific  gravity  of  coal,  the  results  of 
which  are  published  in  Bulletin  89  of  the  Engineering  Experiment  Sta- 
tion. From  September,  1915  to  June,  1917,  he  was  a  Fellow  in  geology, 
receiving  his  degree  of  Doctor  of  Philosophy  in  geology  in  June,  1917. 
During  the  summers  of  his  graduate  work,  he  spent  the  time  in  field 
work  in  oil  fields  in  Kansas  and  one  summer  in  northern  Minnesota  in 
company  with  two  other  graduate  students  in  Geology,  gathering  mate- 
rial for  his  Doctor's  thesis,  which  was  upon  the  subject  "The  Duluth 
Gabbro  and  Its  Contact  Metamorphism  in  the  Vicinity  of  Gabimichigami 
Lake,  Vermilion  Iron-bearing  District,  Minnesota."  Soon  after  receiving 
his  Doctor's  degree,  he  became  associated  with  the  Illinois  Geological 
Survey  and  devoted  most  of  his  time  to  oil  deposits  of  the  state.  Sep- 
tember 1,  1918,  he  was  appointed  to  a  position  in  the  Department  of 
Geology  at  the  University  of  West  Virginia  and  had  just  entered  upon  his 
work  when  he  was  stricken  with  influenza  which  developed  into  pneu- 
monia and  to  which  he  succumbed  within  ten  days.  He  leaves  a  wife  and 
two  small  children. 

Mr.  Nebel  was  a  strong  student  and  h^d  an  excellent  personality,  so 
that  all  of  those  associated  with  him  foresaw  that  he  had  a  brilliant 
future. 


NEW  YORK  HOTEL  RATES  FOR  THE  FEBRUARY  MEETING 


Name 


Location 


RoomB  With  Bath 


Double 


Single 


RoomB  Without  Bath 


Double         Single 


Astor 

Belmont 

Breslin 

Hermitage 

Imperial 

Mc  Alpin 

Manhattan 

Martiniaue 

Monticello 

Navarre 

Plaza 

Prince  George 

York 


Times  Square,  43d  St.  and 

Broadway 
42d  St.  and  Park  Ave. 
29th  St.  and  Broadway 
42d  Street  and  Broadway 
32d  St.  and  Broadway 
34th  St.  and  Broadway 
42d  St.  and  Madison  Ave. 
32d  St.  and  Broadway 
35  West  64th  St. 
38th  St.  and  Seventh  Ave 
58th  St.  and  Fifth  Ave. 
28th  St.  and  Fifth  Ave. 
36th  St.  and  Seventh  Ave. 


$5.00  up 

6.00  up 
5.00  up 
4.50  up 
4.50  up 
4.00  up 
6.00  up 
4.00  up 
2.50  up 
3.00  up 
6.00  up 
3.00  up 
3.50 


$4 . 00  up 

5.00  up, 
2.50  up 
2.50  up 
3.00  up 
3.00  up 
4.00  up 
3.00  up 
2.00  up 
1.50  up 
4.00  up 
2.00  up 
2.50  up 


$4.00 

5.00 
4.00  up 
3.50  up 
3.50  up 
3.50  up 
4.50  up 
3.00  up 

2.50  up 


2.50 


$2.50  up 

3.00  up 
2.00  up 
2.00  up 
2.50 
2.50  up 
3.00  up 
2.00  up 

1.50  up 


1.50 


The  monetary  system  of  Miexico  has  been  placed  on  a  strictly  gold 
basis.  New  gold  coins  now  being  minted  are  worth  two  and  one-half 
pesos.  Millions  of  pesos  in  silver  and  half -peso  pieces,  called  "  tostones, " 
recently  have  disappeared  from  circulation.  These  have  been  demone- 
tized to  prevent  speculation  in  the  new  pesos.  It  will  be  illegal  for  any 
one  to  give  more  than  twenty  pesos  of  them  as  change.  Under  the  new 
decree,  peso  and  half-peso  pieces  will  be  coined  with  less  silver  in  them, 
making  their  exportation  profitless. 
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LIBRARY 

American  Society  of  Civil  Engineers 
American  Institute  of  Electrical  Engineers 
American  Society  of  Mechanical  Engineers 
American  Institute  of  Mining  Engineers 
United  Engineering  Society 

Harrison  W.  Graver,  Director 

The  library  of  the  above-named  Societies  is  open  from  9  a.  m.  to 
10  p.  M.  except  on  holidays.  It  contains  about  70,000  volumes  and  90,- 
000  pamphlets,  including  sets  of  technical  periodicals  and  publications  of 
scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are*  forced  to  spend 
a  portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library,  through  its  Library  Service  Bureau,  can  render 
valuable  service  through  correspondence;  letters  requesting  information 
will  receive  especial  attention.  The  Library  is  prepared  to  furnish 
references  and  photographic  copies  of  articles  on  mining  and  metallur- 
gical subjects;  to  determine  the  existence  of  mining  maps,  and  to  furnish 
general  information  on  the  geology  and  mineral  resources  of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

Library  Accessions 

Asbestos  and  Minbral  Corporation.  Asbestos  crude  and  fibre,  illustrations  of 
specimens.     (Gift  of  Asbestos  and  Mineral  Corporation.) 

Carbolic  Acid  and  Its  Production  from  Benzol.  By  Geo.  H.  Stevens.  Newark, 
1916.     (Gift  of  Author.) 

Cleaning  and  Electro-plating  op.  Metals.  By  H.  H.  Reama.  New  York,  1917. 
(Gift  of  Samuel  Wein.) 

Merrill  Precipitation  Process.  A  brief  description  of  methods  and  apparatus 
used  in  precipitating  gold  and  silver  from  cyanide  solutions  by  means  of  Merrillite 
zinc  dust  and  other  precipitants.  1918  edition.  San  Francisco,  1918.  (Gift  of 
Merrill  Metallurgical  Co.) 

Principles  of  Mechanics.     Ed.  4.    London,  1794.     (Gift  of  Charles  Macdonald.) 

Relation  des  Experiences — Machines  k  vapbur — Planches.  By  V.  Regnault. 
Paris,  1847. 

Improved  American  Waterproof  Flooring  versus  German  •  Construction. 
Paper  read  before  the  American  Society  of  Safety  Engineers.  By  Col.  Boorman. 
New  York,  1918.     (Gift  of  Col.  Boorman.) 

Education  of  Mine  Employees.  By  H.  H  Stoek.  (Illinois  Miners'  and  Mechan- 
ics' Institute.     Bulletin  No.  1.)     Urbana,  1914.     (Gift  of  A.  D.  Fhnn.) 

Memorial  of  Amos  P.  Brown.  By  R.  A.  F.  Penrose,  Jr.  (Reprinted  from  the 
Bulletin  of  the  Geological  Society  of  America,  v.  29,  p.  13-17,  1918.  (Gift  of 
Author.) 

American  Society  for  Testing  Materials.  A.  S.  T.  M.  Standards,  1918.  Phila- 
delphia, 1918. 

Archives  des  Sciences  Physiques  et  Naturelles.  Tables  g^n^rales  des  Auteurs 
et  des  Matidres.     187^1910.     Geneve,  1917. 
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Abthub  D.  Littlb  Compant.  Industrial  Rbsbabch  Laboratoribs.    Descriptive 

^      Booklet.    Cambridge,  1918.     (Gift  of  Company.) 

English  Cataloqub  of  Books,  1917.    London.  1918. 

EmciENCT  IN  THB  UsB  OF  OiL  FxTSL.    A  handbook  for  boiler  plant  and  locomotive 

engineers.    Washington,  1918.     (Gift  of  Bureau  of  Mines.; 
Oil  and  Pbtboleum  Manual  fob  1918.    By  Walter  R.  Skinner.    London,  1918. 
KuNOL.  Tbkniska  HOoskolan  I  Stockholm.    Program  for  l&roaret.     1918-19. 

Stockholm,  1918.     (Gift  of  Kungl.  Tekijiska  Hog^olan.)     ' 
Nbw  York  Statb.    State  Engineer  and  Surveyor.    Annual  Report.    Vol.  1,  1917. 

Albany,  1918.     (Gift  of  New  York  State  Engineer  and  Survevor.) 
Dutch  East  Indibs.    Jaarboek  van  het  Mijnwezen.    1915,  Algemeen  Gedeelte; 

Verhandelingen,   tweede   gedeelte,   with  atlas;    1916-Verhandelingen,   tweede 

gedeelte.    Batavia,  1917-18. 
Oribntal  Consolidated  Mining  Company.    Report  for  the  year  ending  June  30, 

1918.     New  York,  1918.     (Gift  of  Company.) 

SUFPLBMBNTAL  MsifORANDUM  ON  BeHALF  OF  RaT  CONSOLIDATED  CoPPER  CoMPANT 

IN  THB  Mattbb  of  THB  Claim  OF  CoMPANT,  Dec.  31,  1916.  (Gift  of  Alfred  D. 
Flinn.) 

Union  of  Sottth  Africa.  Department  of  Mines  and  Industries.  Annual  Report 
of  the  Government  Mining  Engineer,  1917.    Pretoria,  1918. 

XT.  S.  Commissioner  of  Patents.    Annual  Report.     1917.    Washington,  1918. 

United  States  Shipping  Board  Embrgenct  Flbbt  Corporation.  Report  on 
electric  welding  and  its  applications  in  United  States  of  America  to  ship  construc- 
tion. By  Capt.  James  Caldwell.  Philadelphia,  1918.  (Gift  of  Emergency 
Fleet  Corporation.) 

Book  Notices 

Unless  otherwise  specified,  books  in  this  list  have  been  presented  by  the  publishers. 
The  Institute  does  not  assume  responsibility  for  any  statements  made;  these  are 
taken  from  the  preface  or  the  text  of  the  book,  unless  otherwise  noted. 

Coal  and  Its  Scientific  Uses.  By  William  A.  Bone.  (Monographs  on  Industrial 
Chemistry)  Lond.  and  N.  Y.,  Longmans.  Green  and  Co.,  1918.  151,  491  pp., 
illus.,  pi.,  charts,  diags.,  tab.,  9X6  in.,  cloth,  $7. 

The  author,  who  was  chairman  of  the  British  Association  Fuel  Economy  Com- 
mittee in  1915-17,  has  tried  to  give  in  essential  outline  an  account  of  the  present 
state  of  science  and  practice  in  relation  to  coal  and  its  various  uses.  Beginning  with 
an  account  of  the  general  and  scientific  aspects  of  the  coal  question  from  a  British 
point  of  view,  there  follows  a  review  of  the  present  state  of  science  regarding  the  ongin 
and  chemistry  of  coal,  including  its  distillation,  oxidation,  and  combustion.  The 
latter  part  of  the  book  considers  the  principal  economic  and  industrial  uses  of  coal 
as  a  fuel,  and  closes  with  an  account  of  surface  combustion. 

Electric  Welding.    A  Comprehensive  Treatise  on  the  Practice  of  the  Various 

Resistance  and  Arc  Welding  Processes^  Covering  Descriptions  of  the  Machines 

and  Apparatus  Used  and  the  Applications,  both  in  Manufacturing  and  Repair 

Work.    By  Douglas  T.  Hamilton  and  Erik  Oberg.     Ist  edition,  N.  Y.,  The 

Industrial  Press,  1918.     294  pp.,  217  illus.,  2  tab.,  9X6  in.,  cloth,  $2.50. 

A  summary  of  present  i)ractice.    The  authors  announce  that  they  have  had  the 

assistance  of  the  most  prominent  American  firms  engaged  in  this  work,  and  that  they 

have  thus  been  able  to  present  information  on  the  latest  improvements  and  discoveries. 

Engineering  Directort.    Buyers'  Reference  Section.     1918  Edition.    A  Compre- 
hensive Directory  of  Manufacturers  of  Mill,  Steam,  Mine,  Plumbing,  Heating 
and  Lighting  Supplies,  Machinery  and  Tools.     Chicago,  The  Crawford  Publish- 
ing Co.  (copyright  1918)  566  pp.,  11  X  8  in.,  cloth. 
This  volume  contains  a  list  of  American  manufacturers,  trade  names,  and  brands 

of  industrial  and  engineering  supplies  and  machinery,  arranged  under  approximately 

four  thousand  subject  heaoings^  and  a  directory  of  manufacturers.    Aji  extensive 

cross  index  to  the  classification  is  provided. 

Map  Reading  and  Topographical  Sketching.    By  Edwin  R.  Stuart.    1st  edition. 

N.  Y.,  McGraw-Hill  Book  Co.,  Inc. ;  Lond.,  Hill  Publishing  Co.,  Ltd.,  1918.    11  + 

139  pp.,  46  illus.,  1  map,  8X5  in.,  cloth,  $1. 
This  textbook  represents  the  results  of  the  author's  thirteen  years  of  experience 
in  the  practice  and  teaching  of  topographic  surveying  and  sketching  at  the  United 
States  Military  Academy. 
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ThB'J.  £.  Aldbed  Lbcturbs  on  Enqineebino  Practice,  1917-18.  The  Johns 
Hopkins  University,  Department  of  Engineering,  Baltimore,  The  Johns  Hopkins 
Press,  1918.     263  pp.,  illus^  2  tolded  pi.,  1  map.     9X6  in.,  paper. 

Contents:  Steam-electric  Power  Plant  Design;  The  Relation  between  Civil 
Engineering  and  Military  Engineering;  The  Development  of  Concrete  Road  Con- 
struction; Copper  Refining;  Hie  Coal  Problem;  The  Growth  of  Electric  Systems; 
The  Operation  of  a  Manufacturing  Plant;  The  Control  of  Stream  Pollution;  The 
Manufacture  of  Structural  Steel. 

A  presentation  of  the  tangible  and  obvious  features  and  principles  of  present 
engineering  practice,  intended  to  instruct  the  undergraduate  students  of  the  umversity 
in  everyday  working  methods  of  design,  construction,  and  operation. 

Practical  Subvsting  and  Field  Work.  Including  the  Mechanical  Forms  of  Office 
Calculations  with  Examples  Completely  Worked  Out.  By  Victor  G.  Salmon. 
Lond.,  Charles  Griffin  &  Co.,  Ltd. ;  Phila.,  J.  B.  Lippincott  Co.,  1918.  204  pp., 
87  illus.,  3  folded  diag.,  8  X  5  in.,  cloth. 

The  author  has  endeavored  to  supply  a  series  of  calculations  which,  in  connection 
with  well-known  textbooks,  will  equip  the  young  surveyor  for  the  practice  of  the  pro- 
fession. The  work  consists  mainly  of  solutions  to  Questions  set  m  examinations  for 
qualification  as  surveyors  in  the  South  African  colonies.  It  is  not  .intended  as  a 
textbook,  and  includes  only  the  theory  necessary  to  explain  the  examples. 

Stbuctural  Service  Book,  Volume  I.  A  Revised  Reprint  from  the  Twelve  Issues 
for  1917  of  The  Journal  of  the  American  Listitute  of  Architects  Structural  Service 
Department.  D.  Knickerbacker  Boyd,  Editor.  Wash.,  The  Journal  of  the 
American  Institute  of  Architects,  1918.  16+226  pp.,  including  industrial  sec- 
tion. 12  X  9  in.,  cloth,  $3.60. 

The  nrst  volume  of  an  annual  review  of  structural  activities  throughout  the  United 
States  with  particular  reference  to  the  standards  adopted  or  under  consideration  by 
the  various  societies,  associations  or  other  agencies  wnose  work  concerns  itself  in  any 
way  with  the  materials  which  enter  into  building  construction,  the  methods  and 
safety  of  their  production,  manufacture  and  erection.  The  material  is  classified  and 
indexed  for  ready  reference.  Under  each  heading  are  lists  of  references  to  publica- 
tions giving  general  information,  describing  recommended  practice,  and  adopted 
standitfds. 

Hydbaulic  Experiments  with  Valves,  Hose,  Nozzles,  and  Orifice  Buckets. 

Published  by  the  Engiueering  Experiment  Station  of  the  University  of  Illinois 

as  Bulletin  105. 

Part  I,  by  Prof.  Arthur  N.  Talbot  and  Fred  B.  Seely,  presents  the  results  of  ex- 
periments on  the  flow  of  water  through  1-in.  and  2-in.  gate  valves,  1-in.  and  2-in. 
globe  valves  and  1-in  and  2-in.  angle  valves.  Part  11.  by  Prof.  Fred  B.  Seely.  pre- 
sents the  results  of  experiments  on  submerged  sharp-edged  orifices  of  various  shapes 
and  sizes  discharging  under  moderately  low  and  under  very  low  heads.  Part  III. 
by  Prof.  Virgil  R.  Fleming,  presents  the  results  of  experiments  on  1^^-in.  hose  and 
nozzles,  both  rubber-linea  and  unlined  linen  hose  being  used.  Part  IV,  by  Prof. 
Melvin  L.  Enger,  describes  the  orifice  bucket  as  a  means  of  measuring  water  and  pre- 
sents experimental  data  to  indicate  that  the  device  is  reliable  for  use  in  engineering 
practice. 

Sengite  is  the  name  given  an  explosive  recently  developed  in  South 
Africa  by  replacing  the  nitrate  of  barium  in  tonite  by  nitrate  of  soda. 
It  is  safe  to  handle  and  can  be  struck  with  a  steel  tool.  It  is  equivalent 
in  power  to  the  same  weight  of  gelignite,  but  its  cost  is  slightly  greater 
than  cost  of  gelignite  because  of  the  price  of  glycerine. 

The  world's  demand  for  steel  goods  before  the  war  increased  the  de- 
mand for  pig  iron  from  20,000,000  tons  a  year  30  yr.  ago  to  75,000,000 
tons  in  1913.  The  world  per  capita  consumption  increased  150  per  cent., 
England's  consumption  increased  less  than  1  per  cent.,  America's,  300 
per  cent.;  and  Germany's,  200  per  cent.  Great  Britain  is  now  beating 
her  pre-war  record  50  per  cent,  and  is  dependent  on  the  importation  of 
2,000,000  tons  each  year. 


1 


xlviii  Monthly  Bulletin  No.  145,  January,  1919 


MEMBERSHIP 

New  Members 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Nov.  9,  1918,  to  Dec.  10,  1918. 

Albert,  Edward  J 235  E.  Upsal  St..  Philadelphia,  Pa. 

Barrt,  D.  a Supt.  of  Mines,  The  Big  Five  Min.  Co.,  Idaho  SpringSi  Colo. 

Baton,  Gboroe  S.,  Cons.  Min.  Engr.,  Baton  A  Elliott, 

2412  First  National  Bank  Bldg.,  Pittsburgh,  Pa. 
Baxter,  Harold  Alexander,  Met.  Engr.  A  Operation  Supt., 

Tacony  Ordnance  Corpn..  Philadelphia,  Pa. 

Bennett,  John  S.,  Chem.  and  Min.  Engr Copiap6,'  Chile.  South  America. 

BowDEN,  Malcolm,  Min.  Engr. ;  Efficiency  Engr.,  Elm  Orlu  Min.  Co.,  Butte.  Mont. 
Brown,  Harold  C 2d  Lieut.,  A.  S.  A.  P. 


Brown,  Thomas  Albert,  Min.  and  Met.  Engr..;  Supt.,  The  Royal  Tiger  Mines  Co., 

Breckenridge,  Su 
Brown,  Walter  S.,  Investigator,  New  Jersey  Zinc  Co.  (of  Pa.),  Palmerton,  Pa. 


(reckenridge,  Summit  Co.,  Colo. 
-^«w,.*,,  .,«-*««  ^.,  ***,x«v.B"vw»,  *,^«  ^^.^j  ««*o  Co.  (of  Pa.),  Palmerton,  Pa. 
Burdette,  R.  S Capt.,  Ord.  Dept.,  U.  d.  A- 


tSURDETTE,    K.    B Uapt., 

Callander,  Ira  C,  Asst.  Supt.,  Gauley  Mountain  Coal  Co., 

Jodie  P.  O.,  Fayette  Co.,  W.  Va. 
Collins,  J.  W.,  Foundryman,  The  Aluminum  Castings  Co.,  "L"  Plant, 

Cleveland,  Ohio, 
Court,  Arthxtr  L.,  Civ.  A  Mech.  Engr.,  Minerals  Separation  North  American  Corpn., 

220  Battel^  St.,  San  Francisco,  Cal. 
Cousin,  Jules,  Min.  Engr.,  Union  Mini^re  du  Haut-Katanga, 


Room  1227,  42  Broadway,  New^York,  N.  Y. 

730Symes  Bk 

imato  Development 

Apartado  25,  Guanajuato,  Gto.,  Mexico. 


Croasdale,  Stuart,  Cons.  Eng 730  Symes  Bldg.,  Denver,  Colo. 

Cunningham,  Keith  A.,  GenTMgr.,  Guanaiuato  Development  Co., 


DlscKER,  Edward  J.,  Sec'y  &  Mgr.,  Paul  S.  Reeves  &  Co., 

1415  Catharine  St.,  Philadelphia,  Pa. 
Dryer,  T.  B.,  Chief  Engr.  of  Constr.,  Sloss  Sheffield  Steel  &  Iron  Co., 

American  Trust  Bids.,  Birmingham,  Ala. 
Edwards,  Charles.  ..  .Research  Chem.,  Garfield  Smelt.  Co.,  Garfield,  Utah. 
Eoleston,  O.  J.,  Chief  Engr.,  U.  S.  Smelt.,  Refin.  &  Min.  Co., 

Newhouse  Bldg.,  Salt  Lake  City,  Utah. 
Elliott,  James  Rutherford,  Civ.  &  Min.  Engr.,  Baton  &  Elliott, 

2412  First  National  Bank  Bldg.,  Pittsburgh.  Pa. 

Fenton,  Clarence  M Director,  American  Rollins  Mill  Co.,  Columbus,  Ohio. 

FicKBS,  Edwin  S.,  Chief  Engr.,  Aluminum  Company  of  America, 

1269  Murrayhill  Ave.,  Pittsburgh,  Pa. 

Flumerfelt,  Olin  F Mgr.,  Charles  B.  Bohn  Foundry  Co.,  Detroit,  Mich. 

Funk,  Walter  A.,  Min.  Engr Idaho  Springs,  Colo. 

Furlonq,  Joseph Sales  Engr.,  Allis  Chalmers  Mfg.  Co^  Milwaukee,  Wis. 

Gould,  Edqar  H.,  Min.  Engr.,  White  Pine  Copper  Co.,  White  Pine  Mine, 

Ontonagon  Co.,  Mich. 

Groesbeck,  Edward  C U.  S.  Bureau  of  Standards,  Washington,  D.  C. 

GwYBR,  Alfred  G.  C,  Met.,  T^e  British  Aluminum  Co.,  Ltd., 

Bank  Quay,  Warrington,  Lanes.,  Ensland. 

Halet,  George  S Gen'l  Supt.,  A.  Y«  McDonald  Mfg.  Co.,  Dubuque,  Iowa. 

Hendricks,  John  A..  Geol.  &  Mm.  Engr.,  126  S.  Fremont  Ave.,  Los  Angeles,  Cal. 
Hoover,  H.  Earl,  Cnief  Engr.,  Hoover  Suction  Sweeper  Co., 

1407  Railway  Exchange,  Chicago,  111. 
Johnson,  H.  Norton,  Min.  Geol.,  U.  S.  Smelt.,  Refin.  &  Min.  Co., 

901  Newhouse  Bldg.,  Salt  Lake  City,  Utah. 
Lewis,  Jambs  O.,  Supt.,  Petroleum  Experiment  Station,  U.  S.  Bureau  of  Mines, 

Bartlesville,  Okla. 

Little,  James  M.,  Min.  Engr 1st  lieut.,  Engrs.,  U.  S.  A. 

MacKay,  Donald  Robert Min.  Engr.,   Baker  Lead  Co.,  Leadwood,   Mo. 

Meyer,  Ralph  A.,  Cons.  Min.  &  Met.  En^.,  Gen'l  Mgr., 

Amencan  Tin  &  Tungsten  Co.,  Hill  City,  S.  D. 
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Schenectady,  N.  Y. 
Peters,  C.  B.,  Head,  Explosives  Section,  Procurement  Div.,  Ordnance  Dept., 

Washington,  D.  C. 

Pool,  Ralph  Y Supt.,  Iron  Silver  Min.  Co.,  Leadville,  Colo. 

Richards,  George  M.,  Min.  Engr.,  New  Jersey  Zinc  Co.  (of  Pa.),  Palmerton,  Pa. 
RoHMER,  Gabriel  £.,  Kngr.  Met.,  National  Lead  Co., 

ill  Broadway,  New  York,  N.  Y. 

Rowland,  William  S Chem.  Engr.,  The  Stanley  Works,  New  Britain,  Conn. 

Sanchez,  Richard  M.,  School  ot  Mines^niversity  of  Minnesota,  Afinneapolis,  Minn. 
Speuance,  W.  C,  Jr.,  Col.,  Ordnance  Dept.  U.  S.  A.,  Ordnance  Dept., 

Washington,  D.  C. 
Swoyer,  W.  T.,  Chief  Engr.,  Southland  Exploration  Co., 

Evanston,  Tenn.,  via  SneedviUe,  Tenn. 
Trounce,  Harrt  D.,'Capt.,  Engrs.  U.  S.  A.,  606th  Engineers, 

Camp  A.  A.  Humphreys,  Va. 
Uglow,  William  Lawrence,  Asst.  Prof,  of  Geol.,  University  of  British  Columbia, 

Vancouver,  B.  C,  Canada. 

Ward,  S.  Paul Ceramic  Engr.,  Braden  Copper  Co.,  Rancagua,  Chile. 

Webster,  W.  R.,  Vice-pres.,  Bridgeport  Brass  Co., 

208  Brooklawn  Ave.,  Bridgeport,  Conn. 

Westerman,  William Michigan  Copper  &  Brass  Co ,  Detroit,  Mich. 

WiLcoxsoN,  William  James,  Engr.,  'Hn  Smelter  Wks.,  .Straits  Trading  Co.  Ltd., 

Singapore,  Straits  Settlements. 

Associates 

Baldwin,  Harry  L.,  Pet.  Geol.,  Compania  de  Pesouisas  Mineiras  de  Angola, 

Box  347,  Loanda,  Angola,  Portuguese  W.  Africa. 

Bristol,  William  H Pres.,  The  Bristol  Co»  Waterbury,  Conn. 

Chanq,  Minq-Yi,  Met.  Engr.,  American  Zinc  &  Chemical  Co.,  Langeloth,  Pa. 

Chen,  Chung-yano Student,  Columbia  University,  New  York,  N.  Y. 

Davila,    Marino,    Min.   Engr Jorge   Juan    15,    Madrid,    Spain. 

End  WEISS,  J.  A.,  Genl  Mgr.,  Guanajuato  Development  Co., 

Apartieulo  25,  Guanajuato,  Gto.,  Mexico. 
Fischer,  Christian  J.  G.,  Pres.,  Fischer-Sweeney  Bronze  Co.,  fiic, 

13th  Sc  Grand  St.,  Hoboken,  N.  J. 
GoHEEN,  John  F.,  Sec'yi  The  Brown  Instroment  Co., 

6120  McCallum  St.,  Philadelphia,  Pa. 

Hanser,  Hugo  E.,  Mill.  &  Mech.  Engr 93  Miller  Ave.,  Brooklyn,  N.  Y. 

Harris,  William  G.,  Pres.,  The  Canada  Metal  Corpn., 

35  Eraser  Ave.,  Toronto,  Ont.^  Canada. 

Hoyt,  C.  E Lewis  Institute  Bldg.,  1951  W.  Madison  St.,  Chicago.  111. 

Jones,  Paul Asst.  Purchasing  Agent,  Air  Nitrates  Corpn,,  New  York,  N.  Y. 

Kinsey,   W.    E Kinsey   &   Mahler   Co.,    Peoria,    Dl. 

Lanosenkamp,  William,  Vice-pres.  &  Supt.,  The  Langsenkamp- Wheeler  Brass  Wks., 

1234-1266  Shelbv  St.;  Indianapolis,  Ind. 
Lanza,  Anthony  J.,  Chief,  Division  Industrial  Hygiene  &  Medicme, 

U.  8.  Public  Health  Service,  201  Ouray  Bld^.,  Washington,  D.  C. 
Leeks,  Dana  Winston,  Asst.  Supt.,  Surveying  &  Ore  Estimation  Dent., 

Seoul  Min.  Co.,  Tul  Mi  Chung  Mme,  Whang  Hai  Province,  Nantei,  Korea. 

LiNDEMER,  Chakles Supt.,  J.  L.  li^ott  Co.,  232  Chestnut  Ave.,  Trenton,  N.  J. 

LissBERQER,   M B.  Lissbergcr  &  Co.,  Woolworth  Bld^.,  New  York,  N.  Y. 

McCallum,  John  C Supt.,  Titanium  Bronze  Co.,  Inc.,  Niagara  Falls,  N.  Y. 

O'Brien,  D.  F.,  Pres.  &  Gen^l  Mgr.,  The  A.  P.  Smith  Mfg.  Co..  East  Orange,  N.  J. 

Partridge,  Nelson  H.,  Mining 701  E.  &  C.  Bldg.^  Denver,  Colo. 

Ray,   Frank   S Bridgeport   Crucible   Co.,    Bridgeport,    Conn. 

Reaedon,  W.  J Foundrjr  Supt.,  Rome  Mfg.  Co.,  Rome,  N.  Y. 

Rix,  Harry  L.,  Brass  Foundry  Foreman,  British  Westinghouse, 

Trafford  Park,  Manchester,  England. 
Roberts,  T.  H.,  Factory  Mgr.,  The  Roberts  Brass  Mfg.  Co., 

1411  West  Fort  St.,  Detroit,  Mich. 
Ryder,  Parmly   H Ryder  Brass  Co.,  Bucyrus,   Ohio. 
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Shidel,  H.  R.,  Geol.,  Oil  &  Gas  Production,  Empire  Gas  A  Fuel  Co.,  Augusta,  Kansas. 
Smith,  Hssbert,  Genl  Supt.,  Jenkins  Bros.,  Ltd^  St.  Remi  St.,  Montreal,  Canada. 
Straub,  J.  W.,  Vice-pres.,  The  Morton  B.  Smith  Co., 

241^3  Front  St.,  New  York,  N.  Y. 
Swift,  Frank  G.,  Supt.  &  Partner,  Swift  Lubricator  Co., 

729  West  2d  St.,  Mmira,  N.  Y. 
TowNSEND,  James  H.,  Min.  Engr.,  J.  H.  Townsend  Co., 

Himns  Bide.,  Los  Angeles,  Cal. 
ViCKBRS,  Charles,  Specialist,  Non-ferrous  Allojrs,  18  Dun  Blag.,  Buffalo,  N.  Y. 
Wray,  Charles  F.,  Sec'y  &  Treas.,  Henry  Wray  &  Son,  Inc., 

195  Mill  St.,  Rochester,  N.  Y. 

Junior  Associates 

Everit,  Richard  Sturtevant,  Student,  Heavy  Artillery  Officers'  Training  Camp, 

Fort  Monroe,  Va. 
Parker,  Russell  J Student,  Colorado  School  of  Mines,  Golden,  Colo. 

Change  of  Status — Junior  Associate  to  Associate 

VooEL,  Herman  H.,  Medical  Replacement  Unit  No.  35,  Overseas  Casuals, 

Camp  Merritt,  N.  J. 

Total  Membership,  Dec.  10,  1918 7286 

Chanqe  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  Nov.  9,  1918  to  Dec.  10,  1918. 

This  list  together  with  the  list  published  in  Bulletins  No.  133  to  144, 
January  to  December,  1918,  and  the  foregoing  list  of  new  members, 
therefore,  supplements  the  annual  list  of  members  corrected  to  Jan.  1, 
1918  and  brings  it  up  to  the  date  of  Dec.  10,  1918. 

Adair,  Abthub  C,  Corp.,  4th  Co.  1st  Training  Bat.,  154th  Depot  Brigade, 

Camp  Meade,  Md. 

Adams,    'Huntington Antofagasta,     Chile. 

Adams,  L.  W Ashland  Iron  A  Min.  Co.,  Ashland,  Ky. 

Aqnew,  James  C,  Midvale  Steel  &  Ordnance  Co.,  Widener  Bldg.,  Philadelphia.  Pa. 

Allen,  Rot  H 27  Bellevue  Ave.,  Da^n,  Ohio. 

Arnold,   C.   E.   LeN Cons.   Arizona  Smelt.  Co.,    M^ayer,   Ariz. 

AuBEL,  V.  W Asst.  Blast  Furnace  Supt.,  Carnegie  Steel  Co.,  Clairton,  Pa. 

Austin,  L.  S 630  S.  Alvarado  St..  Los  Angeles,  CaL 

Baker,  John  M 1212  E.  Colfax  Ave.,  Denver,  Colo. 

Batchellor,  Stillman,  1st  Lieut.,  Co.  6,  E.  O.  T.  S.,  Camp  A.  A.  Humphreys,  Va. 

Bbauchamp,   H.   C Box   68,   Douglas,   Ariz. 

Bent,  Quinct Bethlehem  Steel  Co.,  Bethlehem,  Pa. 


Berthier,  U.  H.,  Asst.  Supt.,  Lead  &  Copper  Smelter, 

Compania  Metaluigica  de  Torreon,  o.  A^  Torreon,  Coah.,  Mexico. 

Bjorge,  Gut  N Co.  3,  E.  O.  T.  S.,  Camp  Humphreys,  Va. 

Blum,  Edward  H.,  Atlantic  Oil  Producing  Co., 

808  American  Exchange  National  Bank  Bldg.,  Dallas,  Texas. 

Bowman,  J.  V Care  Tacoma  Smelt.  Co.,  Tacoma,  Wash. 

Boyle,  Harrt,  Chief  Inspector,  United  States  Fuel  Administration, 

V  Lyon  Bldg.,  Seattle,  Wash. 

Bradley,  D.  H.,  Jr.,  Capt.,  Engr.  Corps,  U.  S.  A.,  428th  Engineers. 

Camp  Coay,  New  Mexico. 

Brinton,    Owen    F Baxter  Springs,  Kansas. 

Brooks,  Alfred  H.,  Lieut.-CoL,  Engrs.,  G.  H.  Q., 

American  E.  F.^are  Postmaster,  N.  Y. 

Brown,  William  N 1517  H.  St.,   N.   W.,   Washington,   D.  C. 

Brul£,  Frederick  J.,  Constr.  Dept.,  Braden  Copper  Co., 

120  Broadway,  New  York,  N.  Y. 
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Butler,  R.  S Aast.  Mgr^  Union  Metal  Mines  Co.,  Joplin,  Mo. 

BxTTNEB,  Danebl  W.,  lieut.,  Co.  £,  27th  Engineers,  American  E.  F., 

Care  Postmaster,  N.  Y. 
Btbb,  Herman  E.,  Care  United  Security  Life  Insurance  &  Trust  Co.. 

605  Chestnut  St.,  Philadelphia,  Pa. 
Gablton,  Dave  P.,  Sgt.,  Army  Engr.  School,  American  E.  F^ 

Care  Postmaster,  N.  Y. 

Garnet,  Frank  D ; . . .  Carney  &  Lindemuth,  40  Wall  St.,  New  York,  N.  Y. 

Carpenter,  Byron  H 41  The  Savoy,  14th  St.,  N.  W.,  Washington,  D.  C. 

Cabtwright,  F.  O Instructed  to  hold  everything. 

Gabt,  Webster  C,  Cons.  Engr.,  Climax  Molybdenum  Co., 

822  Foster  Bldg.,  Denver,  Colo. 
Ghen,  T.  C,  Blast  Furnace  Engr.,  The  Yangtse  Engineering  Wks., 

Seven  Mile  Creek ,  Near  Hankow,  China. 
Glatton,  Charles  Y.,  Dept.  Met.  &  Ore  Dressing,  Missoun  School  of  Mines, 

Rolla,  Mo. 
GoFFET,  Georoe  W.,  2d  Lieut.,  Co.  C,  27th  Engineers,  American  E.  F., 

A.  P.  O.  774,  France. 

CoLBURN,  C.  LoRiicsR Capt.,   140th  Ennneers,  Camp  Shelby,  Miss. 

Gole,  a.  N Care  Deposit  National  Bank,  DuBois,  Pa. 

Gbampton,  Thbodobe  H.  M 1501  West  Monroe  St.,  Phoenix,  Ariz. 

GiTSHiNQ,  Daniel Capt.,  Air  Service,  U.  S.  Army. 

Ctttleb,  Willard  W.,  Jr. 2  Cutler  St.,  Morristown,  N.  J. 

DeWittv  H.  a Min.  Engr..  Colorado  Min.  Co.,  Arroyo,  Masbate.  P.  I 

Dixon,  r.  St.  John,  Supt.,  Papa-Cobras  Mine,  Rua  Visconde  de  uihauma,  81, 

Bio  de  Janiero,  Brazil 
Dotle,  John  J.,  2d  Lieut.,  Co.  D,  313th  Engineers,  American  E.  F., 

Care  Postmaster,  N.  Y 
Duoglebt,  A.  F.,  2d  Lieut.,  Engrs.,  Army  Engineers  School,  American  E.  F., 

Care  Postmaster,  N.  Y, 
Eaton,  W.  J.^,  Cia.  Minera  Paloma  y  Cabrillas,  S.  A.,  Higueras,  Coah.,  Mexico. 

Eberharix^   Wiluam  G 529  Hawley  Ave.,   Bridgeport,   Conn. 

Farnham,  Llotd  L 1024  Quincy  St.,  Rapid  City,  So.  Dak. 

Fell,  Harold  B Major,  73d  Field  Artillery,  Camp  Jackson,  S.  C. 

Field,  Frederick  M 2118  Crenshaw  Bldg.,  Los  Angeles,  Cal. 

FoBBBB.   Carroll   R. Major,    217th   Engineers,    Camp    Beauregard,   La. 

Fox,  Walter  V Mgr.,  Ward  Min.  &  Mill.  Co.,  ♦Box  202,  Quapaw,  Okla. 

French,  R.  W Ingot,  Cal. 

Freudenberg,  W.  H E.  O.  T.  S.,  Camp  Humphreys,  Va. 

Fulton,  Chester  A.,  Supt.,  Carlota  Mine,  Cumanayagua, 

Provincia  Santa  Clara,  Cuba. 
Galbratth,  Charles  S.,  Sapper  No.  52526,  Australian  Engineers  Depot, 

Brightlingsea,  Essex,  England. 

Ganter,  George  A 118  West  71st  St.,  New  York,  N.  Y. 

Gauthier,  Charles  B.,  Naval  Aviator,  Naval  OflBcers'  Reserve  Flymg  Corps,  U.  S.  A. 

Geib,  Francis  Hodgson 1055  Mariposa  St.,  Denver,  Colo. 

Goldsmith,.  Osher,  Cand.  F.  A.  C.  O.  T.  S.,  22d  Training  Battery, 

Camp  Zachary  Taylor,  Ky. 

Graupner,  M.  F Reichle  P.  O^  Glen  Station,  Mont. 

Grebnan,  J.  O.,  2d  Lieut.,  Headquarters  27th  Engineers,  A.  P.  O.  774, 

American  E.  F.,  France. 
Grimes,  John  A.,  1st  lieut^  Ordnance  Section.  Statistics  Branch,  General  Staff, 

Room  119,  State,  War  &  Navy  Bld^.,  Washineton,  D.  C. 

Gboss,  LeRot  M 410  Riverside  Drive,  New  York,  N.  Y. 

Haff,  Raymond  E.  T.,  Engrg.  Dept.,  E.  I.  du  Pont  de  Nemours  A  Co., 

Wilmington,  Del. 

Haqeb,  Lee 28  Rossonian  Apts.,   Houston,   Texas. 

Hammitr  E.  p.,  Lieut.,  319th  Engineers,  American  E.  F.,  Care  Postmaster,  N.  Y. 

Hardt,  R.  a Care  Thana  Ranch,  Fallon,  Nev. 

Haubt,  p.  S Silver  State  Mines  Co.,  Lower  Rochester,  Nev. 

Hat  WARD.  M  ARDEN  W 247  South  Ardmore  Ave.,  Los  Angeles,  Cal. 

Healt,   Ralph  L Kennicott,   Alaska. 

Hill,  Joseph  H Co.  D,  209th  Engineers,  Camp  Sheridan,  A]a. 

HoNNOLD,  W.  L.,  Care  Guaranty  Trust  Co.,  1  and  3  Rue  des  Italiens,  Paris,  France. 

HiJBBART,  C.  C U.  S.  Fuel  Co.,  WestviUe,  111. 

HxTBD,  Ralph,  Ontario-Kirkland  Gold  Mines,  Ltd.,  Kirkland  Lake,  Ont.,  Canada. 
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HuTCHiNBON,  Joseph  H Overland  HoteL  Reno,  Nev. 

Iddinqs,    Arthub GeoL,    Hanover,    Ind. 

Johnston,  John National  Research  Council,  1023  16th  St.,  Washington,  D.  C. 

Keilleb,  Alexander  G.  .^ Instructed  to  hold  everythmg. 

Kepner,  Robb  B Mina  Reforma,  Estacion  San  Juan,  Coahuila,  Mexico. 

Kino,  Rowland,  1st  Lieut.,  Engrs.,  Camp  Headquarters,  Camp  A.  A.  Humphreys,  Va. 

KisHMAN,  Maurice  W 1st  Lieut.,  E.  O.  T.  C,  Camp  A.  A.  Humphreys,  Va. 

KiTBON,  H.  W.,  Ensign  (T)  U.  S.  N.,  U.  8.  S.  Delaware,  Care  Postmaster,  N.  Y. 

Klepinqe»^    John    H Brookston,    Ind. 

Kneath,  W  atkin  W 1453  Ridge  Ave.,  Evanston,  111. 

La  Croix,  Morris  F.,  Major,  Engrs.,  1st  Army,  American  E.  F., 

Care  Postmaster,  N.  Y. 
Lasier,  Frederick  G.,  Capt.,  Engrs.,  Room  4-336  Office,  Chief  of  Engineers, 

War  Dept.,  Washmgton,  D.  C. 

Lawr,  C.  W General  Deliverv,  DolSglas,  Ariz. 

Lawrence,  Wilus,  Mgr^  Estaca  Mines,  Mexican  Candelaria  Co.,  S.  A.. 

(Jare  Escobosa,  Bums  y  Cia.,  San  Ignacio,  Sinaloa,  Mexico. 

Leach,    Rot Care   Duana   Johnson,   Fortuna,    Cal. 

Lednum,  E.  T.,  Mgr.,  E.  I.  du  Pont  de  Nemours  &  Co.,  Ideal  Bldg.,  Denver,  Colo. 

Lewis,   C.   M 802  Arctic   Bldg^  Seattle,   Wash. 

Lewis,  Robert  S University  of  Utah,  Salt  Lake  City,  Utah. 

Lewis,  W.  Frank Major,  Engrs.,  U.  8.  A.,  Camp  A.  A.  Humphreys,  Va. 

Lewyn,  Oswald  M Guggenheim  Bros.,  120  Broadway,  New  York,  N.  Y. 

LiNDEifXTTH,  Lewis  B Carney  &  Lindemuth,  40  Wall  St.,  New  York,  N.  Y. 

Longworth,   F.   J Tennessee  Copper  Co.,   Copperhill,   Tenn. 

Lynch,  William  W.,  27th  Engineers,  American  E.  F.,  Care  Postmaster,  N.  Y. 

Lynton,  Edward  D Ensign,  U.  S.  S.  Vicksburg,    San  Diego,  Cal. 

McNabb,  James  C Asst.  Smelter  Supt.,  Missouri  Cobalt  Co.,  Fredericktown,  Mo. 

Maben,  J.  C,  Jr 407  American  Trust  Bldg.,  Birmingham,  Ala. 

Maverick,  Phillip,  Testing  Engr.,  Greene  Cananea  Copper  Co., 

Cananea.  Son.,  Mexico. 
Mee,  Whitney  P.,  Chief  Chem.,  Matehuala  Plant,  American  Smelt,  a  Refin.  Co., 

Matehuala,  San  Luis  Potosi,  Mexico. 

Meier,  A.  J A.  J.  Meier  &  Co.,  1900  Morgan  St.,  St.  Louis,  Mo. 

Merritt,   Floyd   C U.   S.   Army,   Camp   Humphreys,   Va. 

Mbtz,  Gilbert  F Ensign,  U.  S.  S.  President  Grant,  Care  Postmaster,  N.  Y. 

Millard,  William  J.,  Capt.,  Engrs.,  G-4  Second  Army,  American  E.  F., 

Care  Postmaster,  N.  Y. 
Mitchell,  Thomas  E.,  Min.  Engr.,  Burma  Mines,  Ltd.,  No.  1  London  Wall  Bldg., 

London,  E.  C,  England. 

MooA,   John  August 271   Charles   St.,   St.   Paul,    Minn. 

MooRE,  Stanley  R New  Denver,  B.  C,  Canada. 

Morgan,  George  H.,  Capt.,  Engrs.,  5th  Corps,  American  E.  F., 

Care  Postmaster,  N.  Y. 

Morse,  H.  W Technical  Mgr.,  American  Trona  Corpn.,  Trona,  Cal. 

MouLE,  J.  W Asst.  Mgr.,  Burma  Corpn.,  Ltd.,  Namtu,  Burma,  India. 

MuiR,  DowNiE  D^  Jr.,  Mgr.,  Kansas  Oklahoma  Mines, 

U.  S.  Smelt.,  Refin.  &  Min.  Co^  Box  542,  Baxter  Springs^  Kansas. 

Murphy,  William  J 2d  Lieut.,  5th  Prov.  bat..  Fort  Benjamin  Harrison,  Ind. 

MusoRAVE,  Robert Moctezuma  Copper  Co.,  Nacozari,  Sonora.  Mexico. 

Neustaedtbr,    Harold    A Erie    Proving    Grounds.    Ohio. 

Newcomb,  CuvE  S .Engr.,  The  Dorr  Co.,  101  Park  Ave.,  New  York,  N.  Y. 

Newton,  Edmund,  Min.  Engr Room  406,  60  Broadway,  New  York,  N.  Y. 

Nupio,  Gustavo  Adolfo,  New  York  &  Honduras  Rosario  Min  Co., 

San  Juancito,  Honduras,  C.  A. 

Pearson,     Alfred,     Jr Somerset,     Pa. 

Peters,  M.  F.,  Ensign,  U.  S.  N.  R.  F.,  U.  S.  Naval  Academy, 

Reserve  Officers  Barracks,  Annapolis,  Md« 

Pynb,  Walter  F 1610  La  Loma  Ave.,  Berkeley,  Cal. 

Radcuffe,  D.  H Co.  4.  E.  O.  T.  S.,  Camp  Humphreys,  Va. 

Reed,  Carl  S.,  Major,  Ordnance  Dept.,  U.  S.  A.,  1107  Broadway,  New  York,  N.  Y. 

Reed,  Charles  H 1563  Downing  St.,  Denver,  Colo. 

Renwick,    Charles    W Mountain    Ash,    Ky, 

Richelbbn.  Walter  A.,  1st  Lieut.,  428th  Engineers,  U.  S.  A.,  Camp  Humphreys,  Va. 
RiCKARD,  Brent  N American  Smelt.  &  Refin.  Co.,  Murray,  Utah. 
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RoBBiNB,    O.    D Armour    Fertilizer    Wks.,    Columbia,    Tenn. 

Roberts,  J.  K Instructor  in  GeoL,  Emory  &  Henry  College,  Emor^,  Va. 

RoBERTB,  MoBGAN  E.,  2d  lieut.,  Engrs.,  Transportation  Service.  Advance  Section, 

Headquarters  Co.,  60th  R.  T.  C,  A.  P.  O.  768,  France. 

RoBERTB,  Thomas  S Ist  Lieut.,  Co.  3,  Camp  A.  A.  Humphreys,  Va. 

Rodder,  John  C Box  49,  A.  R.  F.  D.  3,  Merced,  Cal. 

Saeger,  C.  Marshall,  Jr.,  Serg.  1st  Class,  C.  W.  S.,  Bureau  of  Standards, 

Washington,  D.  C. 

Sanderson,  H.  H.,   Mine  Safety  Engr 654  Colman  Bldg.,  Seattle,  Wash. 

Sands,  W.  E McGill,  Nev. 

SAN70RD,   Chard  O 1st  Lieut.,  403d  Ensineers,  Fort  Douglass,  Utah. 

ScHBURBR,  L.  R Co.  E,  E.  O.  T.  C,  Camp  Humphreys,  Va. 

ScHMALZ,  Charles  H.,  Supt.,  Hanna  Engineering  Wks., 

1765  Elston  Ave.,  Chicago,  111. 

ScHifiDT,  William  C,  Jr 1253  St.  Nicholas  Ave.,  New  York,  N.  Y. 

Seaman,  Henbt  B.,  Cons.  Civil  Engr Woolworth  Bldg.,  New  York,  N.  Y. 

Seeber,    Rex    Robert I>ELlhouBie,    New    Brunswick,    Canada. 

Sbgall,  Julius 4th  Co.,  U.  S.  A.  S.  A.  P.,  Kodak  Park,  Rochester,  N.  Y. 

Seidel,  Victor  B 138  23d  St.,  Elmhurst,  L.  I. 

Sheafe,  Harbt  J.,  Capt.,  Division  Gas  Officer,  82d  Division, 

American  E.  F.,  Care  Postmaster,  N.  Y. 

SmMMiN,  J.  T Supt.2  Arizona-Hercules  Min.  Co.,  Belgravia,  Pinal  Co.,  Ariz. 

SiMKiNS,  William  A.,  2a  Lieut.,  Engrs.,  Army  Engineer  School, 

Ajnerican  E.  F.,  Care  Postmaster,  N.  Y. 
Skeen,  Leslie  C,  2d  Lieut.,  Co.  13,  104th  Engineers,  American  E.  F., 

Care  Postmaster,  N.  Y. 
Smtth,  Hahvet  E.,  Cia.  Carbonifera  ''Las  Rias  de  Curanilabue^''  Curanilabue,  Chile. 

Starket,  Alvah  C 3955  Alameda  Dnve,  San  Diego,  Cal. 

Stavbr,  W.  H Instructed  to  hold  everything. 

Stewart,  John  S 42  Park  Ave.  W.,  Mansfield,  Ohio. 

Stoddard,  A.  C,  Min.  Engr.,  Inspiration  Cons.  Copper  Co.,  Box  15,  Inspiration,  Ariz. 

Sultzer,   H.    D Ist  Lieut..  417th   Engineers,   Camp   Humphreys,    Va. 

SwEETBER,  Arthur  L.,  Min.  Engr.,  Eciitorial  Staff,  Engineering  &  Mining  JournaL 

10th  Ave.  &  36th  St.,  New  York,  N.  Y. 
Tandt,  Charles  W.,  Jr.,  Designing  Engr.,  Anaconda  Copper  Min.  Co., 

Anaconda,  Mont. 

Tao,  H.  T Student,  Michigan  College  of  Mines,  Houghton,  Mich. 

Taylor,  Carroll  C Capt.,  32d  Artillery,  C.  A.  C,  Camp  Eustis,  Va. 

Taylor,  Henry  B.,  Min  Engr 310  Long  Bldg^  Kansas  City,  Mo. 

Thoenen,     J.     R Elizabethtown,     111. 

Thomas,  Kihby 70  Central  Park  W.,   New  York,  N.  Y. 

Thomas,  Percy  C,  Gen'l.  Mgr.,  East  Gulf  Coal  Co..  East  Gulf,  Raleigh  Co.,  W.  Va. 

Thompson>  Warren  D Co.  3,  E.  O.  T.  S.,  Camp  Humphreys,  Va. 

Thornhill,  E.  Bryant Chino  Copper  Co.,  Hurley,  New  Mexico. 

TiMMONS,   Colin 1321   West  46th  St^  Los  Angeles,   Cal. 

Tremourextx,  Roy  E.,  1st  Lieut.,  Engrs.,  G.  H.  Q.,  American  E.  F., 

Care  Postmaster,  N.  Y. 
Van  Siclen,  Matthew.  1st  Lieut.,  A.  S.  A.,  Damm  Field,  Babylon,  L.  I.,  N.  Y. 

Wai^h,  Timothy  D.,  Min.  Engr 130  W.  3d  Ave.,  Denver,  Colo. 

Waitb,  Allan  G.,  Capt.,  Air  Service,  Aeronautics, 

Office  of  Director  Military  Aeronautics,  Washington,  D.  C. 
Warner,  Charles  M.,  Dwight  &  Lloyd  Metallurgical  Co., 

29  Broadway,  New  York,  N.  Y. 

Warren,  S.  Power Met.  Staff,  Utah  Copper  Co.,  Salt  Lake  City,  Utah. 

Wells,  James  S.  C,  Met.  &  Chem Bedford  Hills,  N.  Y. 

Werthan,  S.  E.,  Chemical  Warfare  Service,  American  University  Experiment 

Station,  Washington,  D.  C. 
Wertheimer,  Joseph,  Tech.  Director,  Heat  Treating  Dept.,  Watervliet  Arsenal, 

WatervUet,  N.  Y. 
Wieganb,  August  J.,  Co.  F,  309th  Engineers,  American  E.  F., 

Care  Postmaster,  N.  Y. 
Wiluston,  George  F.,  Artillery  Officers'  Training  Camp,  1st  Co., 

Fort  Mac  Arthur,  San  Pedro,  Cal. 
Winchell,  J.  H.,  Jr.,  U.  S.  Geological  Survey,  Room  4211,  Interior  Bldg., 

Washington,  D.  C. 
WoLYBRTON,  F.  M Student,  Co.  4,  E.  O.  T.  S.,  Camp  Humphreys,  Va. 
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Woods,  Clarence Supt.,  Dragoon  Tungsten  Min.  Co.,  Dragoon,  Ariz 

Wood  WELL,  A.  H Box  1720,  Spokane,  Wash. 

Wtant,  Frank  A.,  United  Coal  Corpn.,  Ist  National  Bank  Bldg.,  lattsburgh,  Pa 
ZiMMEB,  Ebnest  B.,  Met.,  Cleveland  District  Ordnance, 

22d  &  Prospect  Ave.,  Cleveland,  Ohio 
ZoLLEB,  Lawrence  J.,  2d  Lieut.,  Co.  B,  603d  Engineers,  American  £.  F., 

Care  Postmaster,  N.  Y 

Mebcbers'  Addresses  Wanted 

Name.  Last  address  of  Record  from  which  Mail  has  been  returned. 

Arbcstrong,  Cupton  T 347  Manhattan  Ave.,  New  York,  N.  Y. 

ARifSTRONG,  E.  W Mina  Bibilonia,  La  Libertad.  Nicaragua,  C.  A. 

Bird,    Frank    H Butler   Hotel,    Seattle,    Wash. 

Blanchard,   Ralph   C 3  Lombard   St.,  London,   England. 

Breeding,    F.    O Eden    Min.    Co.,    Bluefields,    Nicaragua. 

Bryant,  George  W Apartado  86,  Guanajuato,  Gto.,  Mex. 

Detert,    William   F Jacksouj    Amador   Co.,    Cal. 

Eraser,    Everett   L Oro    Grande    Mmes,    Callahan,    Cal. 

Herr,  J.  Campbell Box  556,  State  College,  Pa. 

Hess,  K.  F Burro  Mountain  Copper  Co.,  Tyrone,  N.  M. 

Hunter,  Charles,  Royal  Colonial  Institute,  Northumberland  Ave.,  London.  W., 

England. 

HuRXTM,   Fredrik   J.   O Westmorley   Court.   Cambridge,   Mass. 

Kammerer,    Charles Box    412,    San    Francisco,    Cal. 

Kay,   David  Nei£ON Ray  Cons.   Copper  Co.,   Hayden,  Ari«. 

King,  Frank  E Hotel  Breslin,  New  York,  N.  Y. 

Kleesattel,  Richard 911  White  Bldg.,  Seattle,  Wash. 

KLtTGESCHEiD,  WALTER  P 616  W.  113th  St.,  fJew  York,  N.  Y. 

Miller,    Harrt    H 37   So.   Stone   St.,    Tucson,    Ariz. 

Nicholson,     Francis Charlotte    Court    House,     Va, 

Raleigh,  Joseph  R Rossville,  via  Cooktown,   Queensland,   Australia. 

Stickney,  William  H 708  N.  Center  St.,  Reno,  Nev 

Taplin,  Thomas  J.,  Jr 16  Lordship  Park,  London  N.  16,  England. 

Treat,  Llotd  B.,  Canadian  lngerso]l-Rand  Co.,  ^nk  of  Toronto  Bldg., 

Montreal,  Canada. 

Williams,  John  T 100  Broadway,  New  York,  N.  Y, 

Wong,  S.  C.  * Care  School  of  Mines,  Butte,  Mont. 

Wong,  Yin  Charles Rolla,  Mo. 

Woo,  W.  K M  70  Sing  Kong  Li,  Minghong  Road,  Shanghai^  China. 

Yewell,  p.  R.,  Leland  Stanford,  Jr.,  Univ.,  Box  1212,  Stanford  University,  Cal. 

Necrology 

(See  also  "  Died  in  Service  ") 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  month  Nov.  9,  1918,  to  Dec.  10,  1918. 

Date  of 
Election.  Name.  Date  of  Death. 

1905  Boschen,  William  C Nov.  —,  1918. 

1916  Brenneman,  F.  G .• : . . . .  Nov.  30,  1918. 

1915  Brooks,  Charles  P Nov.  30,  1918. ' 

1906  Cook,  Edward  B Oct.    13,  1918. 

1905  Crespi,  R.  A Sept.    2,  1918. 

1894  Du  Bois,  Howard  W Nov.  10,  1918. 

1892  Gilbert.  G.  K 

1914  Hale,  Frederic  Albert,  Jr fNov.  17,  1918. 

1913  Lunn,  Robert,  Jr Killed  in  action. 

1915  Ohnsorg,  N.  L Oct.    10,  1918. 

1873  Ricketts,  P.  de  P ^  Nov.  20,  1918. 

1916  Thomas,  R.  P 1918. 

1900  Van  Hise,  Charles  R Nov.  19,  1918. 

1918  White,  Bruce Nov.  16,  1918. 
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Candidates  for  Membership 

Appucation  fob  Mbmbebship. — ^The  Institute  desires  to  extend  its  privileges  to 
every  person  to  whom  it  can  be  of  service.     On  the  other  hand,  it  is  not  desirable  that 

Srsons  should  be  admitted  to  membership  in  classes  for  which  they  are  not  qualified, 
embers  of  the  Institute  can  be  of  neat  service  if  they  will  make  a  practice  of  glanc- 
ing through  the  list  of  applicants  and  promptly  notifying  the  Committee  on  Member- 
ship, or  the  Secretary  of  the  Institute,  of  any  persons  whom  they  think  should  not  be 
classified  in  accordance  with  the  list  given. 

Applications  Lacking  Endorsement 

Applications  for  membership  have  been  received  from  Mr.  Braecke 
and  Mr.  Brink,  whose  records  are  given  below.  These  applications 
lack  the  necessary  number  of  endorsers,  but  since  these  candidates  live 
at  some  distance  from  the  headquarters  of  the  Institute,  their  records 
are  published  here  in  order  that  any  members  who  are  acquainted  with 
them  may  be  advised  of  the  circumstances  and  may  have  an  opportunity 
of  writing  to  the  Secretary  endorsing  these  candidates. 

Members 

Giistave  Braecke,  La  Carolina,  Spain. 

Proposed  by  A.  DeDeken. 

Bom  1860,  Nieuport,  Belgium.  1886,  Grad.,  School  of  Mines^  li^e,  Bekdum, 
M.  E.  and  Eugr.  of  Arts  anof  Manufactures.  1887-91,  Ore-dressmg  Dept.,  Hum- 
boldt Engng.  Works,  Kalk^Germany.  1891-1901,  Prospecting,  Northern  Transvaal; 
Mgr.,   Molyneux  mines,  Witwatersrand,   Transvaal.     1901-03,   Mgr.,   Gwendoline 

§oul  mine,  Korea.  1903-06,  Mgr.,  Mina  San  Vicente,  Soci^t6  la  Nouvelle  Montagne, 
pain.  1906-07,  Prospecting  for  zinc,  Djendli  mine,  Arzelia.  1907-11,  Mgr.,  Ollin 
mines,  North  Spain.  1911-13,  Reporting  in  Spain  for  Soci^t6  d'Etudes  Mini^re, 
Brussels.  1914-18,  Mgr.,  Lead  mmes,  Curas  and  Soldado,  and  Technical  Mgr., 
New  Cerdenillo,  silver-lead  mines.  La  Carolina,  Spain. 

Present  position:  Mgr.,  Soci6t^  Curas  et  Soldado  de  Carolina. 

Cyril  Gordon  Brink,  Transvaal,  So.  Africa. 

Bom  1889,  Grahamstown,  So.  Africa.  1900-05,  High  School.  1906-07,  St. 
Andrews  School.  1908-09,  Chem^  Rhodes  Univ.,  Grahamstown.  1910-16,  In  Re- 
duction Wks..  Norse  Gold  Mines,  Ltd.,  Johannesburg.  1915-17,  Leading  Shiftsman, 
and  in  chg.  of  reduction  wks.,  Fairview  gold  mine, 'nansvaal  Cons.  Mines. 

Present  position — 1917  to  date:  Reduction  Officer,  Fairview  Devonian  Montrose 
Gold  Mines,  Ltd. 

The  following  persons  have  been  proposed  during  the  period  Nov.  9, 
1918,  to  Dec.  10,  1918,  for  election  as  members  of  the  Institute.  Their 
names  are  published  for  the  information  of  Members  and  Associates, 
from  whom  the  Committee  on  Membership  earnestly  invites  confidential 
communications,  favorable  or  unfavorable,  concerning  these  candidates. 
A  sufficient  pjeriod  (varying  in  the  discretion  of  the  Committee,  accord- 
ing to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 

Rolland  Croten  AUen,  Lansing,  Mich. 

Proposed  by  H.  A.  Buehler.  fialph  Arnold,  E.  W.  Shaw. 

Bom  1881,  Richmond^  Ina.  1907,  Grad.  in  geology.  Univ.  of  Wisconsin,  B.  A. 
and  M.  A  1904,  Geological  field  work,  Ontario,  Canada.  1901-5,  Student  Asst., 
in  geology,  Univ.  of  Wisconsin.  1905.  Field  Asst.,  U.  S.  Gcol.  Survey.  1906-7, 
Geol.  field  work,  Ontario,  Michigan  ana  Minnesota.  1908-9,  Instr.  in  Geol.  1909- 
13,  Special  Lecturer  in  geology,  Univ.  of  Michigan.  1909-18,  State  Geol.  of  Michigan. 
1912-18,  Appraiser  of  Mines.  Mich.    1914-18.  Advisor  to  Michigan  Securities  Co. 

Present  poeiuon:  State  Ueol.  of  Mich.,  ana  Appraiser  of  Mines,  U.  S.  Treasury. 
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Charles  Luther  Austin,  Bingham  Canyon,  Utah. 
Proposed  by  F.  G.  Janne^,  Perry  G.  fiarrison,  Amo  S.  Winther. 
Bom  1884,  Saginaw,  Mich.     1907,  Miner  and  ajssayer.     1907-08,  Mining  and 
milling  at  Oons.  Mercur  mine.     1908-10,  Mining  at  difiPerent  mines  in  Pioche,  Nev. 
Present  position — 191^  to  date :  Chief  Chem.  and  Assayer,  Utah  Min.  Co. 

Arthur  James  Bartlett,  Goodwell,  W.  Va. 

Proposed  by  Thomas  H.  Clagett,  S.  A.  Scott,  P.  C.  Thomas. 

Bom  1890,  England.  1905,  Finished  Public  Schools,  Cardiff,  Wales.  1906-12, 
With  engineering  party  and  became  Asst.  Transitman,  Kingston  Coal  Co.,  Kingston, 
Pa.  1912,  Min.  Engr.,  Middle  State  Coal  ft  Coke  Co.,  Ansted,  W.  Va.  1912-13, 
Div.  Engr..  Pon  Creek  Coal  Co.,  Stone,  Ky.  1913-14,  Asst.  Supt.  and  Engr.,  Jewel 
Ridge  Coal  Corpn.,  Va.  1914-15,  Mine  Foreman,  Scarbro  Shaft,  New  iSver  Co., 
McDonald,  W.  Va.  1915-17,  With  Solvay  Collieries  Co.,  Min.  Engr.,  later,  Div. 
Engr. 

Present  position:  Chief  Engr.,  Louisville  Coal  &  Coke  Co.  * . 

Arthur  John  Bensusan,  Minas  Geraes,  Brazil. 

Proposed  by  Fred  Hellman,  C.  R.  Coming,  B.  B.  Thayer,  J.  Parke  Channing. 

Bom  1868,  Australia.  1888-92,  Grad.,  Min.  and  Met.,  Royal  School  of  Mines, 
London,  Assoc.  R.  S.  M.  1885-88,  Asst.  Assayer.  Chief  Assayer.  Sunny  Comer 
Silver  Min.  Co.,  Ltd.;  Asst.  to  Mgr..  Mgr.,  Butters  Tin  Min.  Co.,  Lta.,  and  Dolcoath 
Tin  Min.  Co.,  Ltd.,  Australia.  1894,  Mgr.,  Port  Darwin  Tin  Min.  Co.,  Ltd.,  N.  S.  W. 
1894-1901,  Member  of  firm,  E.  &  A.  Bensusan,  Cons.  Min.  and  Met.  Engrs.,  Sydnev, 
with  management  of  Cullen  BuUen  Coal  Proprietary,  Ltd.,  Mt.  Dromedary  Gold 
Min.  Co.,  Ltd.,  Great  Britain  gold  mine  and  other  mining  properties.  1902-03, 
Gen'l  Mgr.,  Abboutiakoon  Wassaw  Mines,  Ltd.;  Effuenta  Wassaw  Mines,  Ltd.; 
Tante  Mines,  Ltd.,  West  Africa.  1903-^4,  Gen'l  Mgr.,  Zoutpansberg  Cons.  Mines. 
Ltd.,  Transvaal.  1904-05,  Worked  for  and  won  diploma.  Royal  Geographical 
Society,  in  topographical  surveying. 

Present  position — 1905  to  date:  Gen'l  Mgr.,  Ouro  Preto  Gold  Mines  of  Brazil, 
Ltd. 

George  VanderbUt  Caesar,  Plainfield,  N.  J. 

Proposed  by  Charles  Ferry,  C.  H.  Mathewson,  Wm.  B.  Price. 

Bom  1891,  Tacoma.  Wash.  1910-16,  Yale  Univ.,  S.  S.  S.,  Ph.  B.  and  M.  S. 
1915-16,  Research  work  at  Yale  Univ.,  in  non-ferrous  metallography.  Paper  on 
''Annealing  Properties  of  Copper."  1916-18,  Asst.  Metallographist  in  laboratory, 
Bridgeport  Brass  Co. 

I^esent  position:  Met.  and  Head,  Metal  Room  and  Casting  Shop  Depts.,  British 
American  Metals  Co. 

R.  J.  Colony,  New  York,  N.  Y. 

Proposed  by  Charles  P.  Berkey,  James  F.  Kemp,  R.  M.  Raymond. 

Bom  1870,  St.  Louis,  Mo.  1897-1905,  Cooper  Union,  R  Ch.  1905,  1913-16, 
Non-matriculate  student  in  geol.,  Columbia  Univ.,  New  York.  1889-93,  Asst. 
Chem.  and  Assayer,  Omaha  &  Grant  Smelt.  &  Refin.  Co.,  Omaha.  Neb.  1892-93, 
Supt.,  experimental  cyanide  plant,  Lead  City,  So.  Dak.  1893-96,  Ore  Buyer,  La 
Gran  Fundicion  Nacional  Mexicana.  1896-1900,  Railway  Equipment  Co.,  New 
York.  1900-05,  Instmctor,  Assaying  and  Mineralogy.  1905-16,  Asst.  Prof., 
Cooper  Union,  New  York. 

Present  position — 1916  to  date:  Instructor  in  Geol.,  Columbia  Univ. 

Robert  Henry  Crozier,  Kuridala,  N.  Q.,  Australia. 

Proposed  by  Thomas  I.  Dyson.  G..  C.  &lug,  John  W.  Moule. 

Bom  1884,  Australia.  Caulfield  Grammar  School,  Melbourne.  1902-03, 
Melbourne  School  of  Mines  (W.  M.  C).  1904-07,  Diploma  Met.  Chem.,  Zechan 
School  of  Mines.  1903-07,  Assayer,  Tasmanian  Smelt.  Co.  1907-08,  Assaver, 
Chillagoe  Smelt.  Plant,  Queensland.  1908-10,  Assayer,  PhilUps  River  Gold  & 
Copper  Co.,  West  Australia.  1910-11,  Assayer,  Murex  Magnetic  Co.,  Broken  Hill, 
New  South  Wales.  1911-12,  Gen'l  Mgr.,  Mc Arthur  River  Exploration  Co.,  North- 
em  Territory.  1912-13,  Exam,  prospects,  Nor-West  Syndicate,  West  Australia. 
1913-17,  R^earch  Met.,  Minerals  Separation  and  DeBavay's  Processes  (Aust.) 
Proprietary,  Ltd.,  Melbourne. 

Present  position — 1917  to  date:  Mill  Supt.,  Hampden  Cloncurry  Copper  Mines, 
Ltd. 
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Lewis  CoMn  Doty,  Eureka,  Utah. 

Propoeed  by  J.  H.  McChrystal,  C.  C  Griggs,  J.  C.  Dick. 

Bom  1859,  Ashland,  Ohio.  Common  and  jHigh  Schools;  International  Correspon- 
dence School.  1884-90,  Mining  and  leasing,  Leadville,  Colo.  1890-92,  Supt.,  Eureka 
Cons.  Mine,  Eureka,  Utah.  1893,  Gemini  Min.  Co.,  Ekireka,  Utah.  1894-97,  Foreman 
and  Supt.,  Eureka  Hill  Min.  Co.  1898-1900,  Mgr.,  Apex  Min.  Co.,  Eureka,  Utah. 
1901,  Supt.,  Ely  Min.  &  Mill.  Co.,  Ely,  Nev.  1902-17,  Supt.,  Giroux  Cons.  Mine, 
Ely^'ev. 

Present  position :  Supt.,  Bullion  Beck  A  Champion  Min.  Co. 

Sherman  B.  Batoiu  Dover,  N.  J. 

Proposed  by  H.  Ml  Roche,  J.  C.  Stoddard,  Thomas  £.  Fisher. 

Bom  1891,  Crown  Point,  N.  Y.  1912-15,  Investigation  of  magnetic  properties 
of  iron  and  steel,  General  Electric  Co.  1911-12,  General  surveying.  1915-16, 
Magnetometric  investigation,  magnetite  mines,  Essex  Co.,  N.  Y.  1916,  Magneto- 
metric  investigations  of  iron  ores,  Ashe  Co.,  N.  C. ;  magnetometric  survey,  property 
of  Renard,  Arizona  Min.  Co.,  Casa  Grande;  Mitchell  Co.,  M.  C;  magnetometric 
survey,  Lake  Co.,  Minn.  1916-17,  Construction  and  management,  manganese 
washing  plant.  Sugar  Grove,  Va. 

Pre^t  position — 1917  to  date:  In  charge,  magnetometric  surveys,  Wharton 
Steel  Co. 

John  Henry  Eby,  Spokane,  Wash. 

Ptopoeed  by  Everett  H.  Pattison,  L.  K.  Armstrong,  J.  C.  Haas. 

Bom  1872,  Lancaster,  Pa.  1894,  Grad.,  Michigan  College  of  Mines,  E.  M. 
1894-95,  Engr.  on  construction,  Penn.  Traction  Co.  1895-97,  Min.  Engr.,  Minn. 
Iron  Co.,  London,  Minn.  1897-98,  Asst.  Supt.,  Columbia  Menava  mine.  Smuggler. 
Colo.  1898-1903,  South.  Pac.  R.  R.,  Listrument  man,  Asst.  Engr.,  M.  of  W.  and 
Roadmaster.  1903-05,  Asst.  Roadmaster.  R.  F.  &  P.  R.  R.  1905-07,  Location 
Engr.,  Harriman  Interests,  A.  &  C.  R.  R.,  Durango,  Colo..,  and  Gallup,  N.  M.  1907- 
10,  Private  practice,  min.  engrg.     1910-15,  Supt.,  Virginia  mine,  Virginia,  Minn. 

Present  position — 1915  to  date:  Private  practice,  min.  engrg. 

Edward  August  EngeUiardt,  Philadelphii^  Pa. 

Propoeed  by  Wiilthrop  C.  Neilson,  K.  C.  Parrish,  Joseph  T.  Hilles. 

Bom  1891,  Sheldon,  la.  1908-11,  Westminster  College,  Fulton,  Mt>.,  B.  S.; 
1912-13,  Post  Graduate  Course.  1911-12,  Teacher,  Chem.and  Physics,  Hot  Springs, 
Ark.,  High  School.  1907-11,  Asst.,  Chem.  Dept.,  Westminster  College.  1913-15, 
Chem.  and  research  man,  Aluminum  Ore  Co.,  £.  St.  Louis,  111. 

Present  position — 1915  to  date:  Chief  Chem.  and  Supt.,  Exploration  Republic 
Min.  &  Mtg.  Co. 

David  M.  Good,  Williamson,  W.  Va. 

Propoeed  by  R.  D.  Patterson.  John  Stewart,  Thomite  H.  Clagett. 

Bom  1871,  Rogersville,  Onio.  High  Schools.  Two  courses,  International 
Correspondence  Schools.  1892-93.  Rodman,  C.  &  O.  R.  R.  1894,  96-97,  99, 
1900-01,  Full  charge,  Quinnimont  Coal  Co.  1895.  Constr.  Engr.,  J.  M.  Clark.  1898, 
Covington  Machine  Co.     1902-03,  Full  charge.  War  Eagle  Coal  Co. 

Present  position — 1904  to  date:  Contractmg  Civil  and  Min.  Engr. 

Heniy  L.  Hamilton,  Houston,  Tex. 

Proposed  by  W.  Lester  Walker,  Alexander  Deussen,  G.  R.  Stevens. 

Bom  1889,  Westley,  Cal.  1900-04,  Stanford  Univ.,  A.  B.  1904-05,  Surveyor, 
Guggenheim  Exploration  Co.  1905-06,  Surveyor,  Standard  Cons.  Min.  Co.  1906 
-07,  Engr.,  Aguascalientes  Metals  Co.,  Mexico.  1912-13,  Field  Engr.  1913-14, 
Asst.  Supt.;  1914-16,  Supt.,  Montebello  Oil  Co.,  Cal.  1916-17,  Supt.,  Texas  Graphite 
Co.,  Texas. 

Present  position:  Greol.  and  Cons.  Engr. 

Charies  Joseph  Hares,  Casper,  Wyo. 

Proposed  by  W.  D.  Waltman,  Max  W.  Ball,  Chas.  T.  Lupton. 

Bom  1881,  Marcellus,  N.  Y.  1907-08.  Grad.,  Univ.  of  Chicago,  B.  S.  and  M.  S. 
1910-11,  Jr.  GeoL;  1911-16,  Associate  Geo!.;  1916-17,  Paleontologist,  U.  S.  Geological 
Survey.  1908-10,  Held  fellowship  in  geology,  Ogden  Graduate  School  of  Science, 
Univ.  of  Chicago. 

Present  position:  Geol.,  Ohio  Oil  Co. 
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George  Julius  Horn.  Denveri  Colo. 

Proposed  by  F.  C.  Greene,  I.  F.  Laucks,  Richard  A.  Parker. 

Born  1886,  Denver,  Ck)lo.  1905-06,  Draftsman,  Colorado  Telephone  Co.  1906- 
07,  Draftsman,  Denver  Transcontinental  R.  R.  1907,  Draftsman.  The  Arnold  Co. 
1907-08,  In  charge.  The  Saturday  Night  Tunnel  1908,  In  field.  Colorado  Southern 
R.  R.;  Drill  Runner,  The  Seaman  Tunnel  1908-09,  Testing  plant.  Horn  Concen- 
trator. 1909-10,  Chief  Draftsman,  Meeker,  •Grand  Valley  &  Salt  Lake  R.  R.  1910, 
In  field,  Colorado  Telephone  Co.  1910-11,  Transitman,  Moffit  Railroad  Co.  1912, 
On  the  road.  Hill  Pubhcation  Co.  1912-16,  Mill  design,  erection,  operation,  Horn  A 
Horn.  1910-17,  Draftsman.  Western  Chemical  Co.  1917,  Mill  design,  erection, 
operation.  Horn  &  Horn.  1917-18,  In  charge,  Idaho  Bride  mine;  Horn  &  Horn; 
Beacon  Coal  Mines  Co. 

Present  position:  Draftsman,  Horn  &  Horn. 

Walter  A.  Janssen.  Montreal,  Que.,  Canada. 

Proposed  by  W.  M.  Corse,  Wilham  A.  Cowan.  Stanley  G.  Flagg,  Jr. 

Bom  1884,  Davenport.  la.  1891,  Grade  Schools,  Davenport,  la.  1893-1902, 
Grammar  and  High  Schools,  Freeport,  111.  1907,  B.  S.;  1914,  Ch.  E.,  Univ.  of  Wis- 
consin. 1907-^,  Draftsman;  1909-10,  Chem;  1910-11,  Hupt.,  Bittendorf  Co. 
Davenport,  la.  1911-12,  Supt.,  Davenport,  la.  1913-17,  Supt.  of  Steel  Foundry, 
Construction  Belt  Co. 

Present  position — 1917  to  date:  Operating  Mgr.,  Canadian  Steel  Foundries,  Ltd. 

Reuben  L.  LindstronLMontreal,  Que.,  Canada. 

Proposed  by  Fred  L.  Wolf,  W.  M.  Corse,  W.  H.  Bassett. 

Bom  1889,  Moline,  111.  1911,  Grad.,  School  of  Pharmacy.  Univ.  of  Illinois, 
Ph.  G.  1910,  Registered  pharmacist.  State  of  111.  1903-11,  Held  various  positions 
as  pharmacist.  1911-15,  Asst.  Chief  Chem.,  Deere  &  Co.,  Moline,  III  1915-17, 
Chief  Chem.  and  Met.,  Bittendorf  Co.,  Bittendorf.  Iowa. 

Present  position — 1917  to  date:  Met.,  Canaoian  Steel  Foundries  &  Canadian 
Car  &  Fdry.  Co. 

Jean  McCallum,  Denver,  Colo. 

Proposed  by  H.  C.  Smith,  Thomas  CT.  Baker,  W.  E.  Crawford. 

Bom  1884,  Huron,  S.  D.  1906,  High  School,  Denver,  Colo.  1910,  Colorado 
School  of  Mines,  £.  M.  and  E.  Met.  1906,  Summer,  Mucker,  Barstow  Min.  Co., 
Ouray,  Colo.  1908,  Summer,  Mucker,  Trammer  and  Miner.  Liberty  Bell  mine, 
Tellunde,  Colo.  1910,  Miner,  Machineman,  Tlmberman,  Yak  M.  M.  &  T.  Co., 
LeadviUe,  Colo.  1911,  Millman^  Foreman  vanner  floor,  Utah  Copper  Co.,  Garfield, 
Utah.  1911-14,  Foreman,  classifier,  fine-crushing,  and  concentratme  dept.,  Chino 
Copper  Co.,  Hurley,  N.  M.  1914-16,  Solution  man.  Met..  Mill  Supt..  Caribou 
M.  &  M.  Co.;  Caribou,  Colo.  1916-17,  Mill  Supt.  and  Gen'l  Supt.,  Canbou  M.  & 
M.  Co.,  Canbou,  Colo.  1917-18,  Flotation  testing  work,  Cia.  Eieneficiadora  de 
Pachuca,  S.  A. 

Present  position:  Asst.  Supt.,  River  Smelt.  &  Refin.  Co.,  Florence,  Colo. 

Glover  S.  McKay,  San  Dimas,  Durango,  Mexico. 

Proposed  by  Fred  B.  Goetter,  R.  H.  Townsend,  Roy  A.  SuUiger. 

Bom  1887,  Helena,  Mont.  1910,  Colorado  School  of  Mines,  E.  M.  1910-11. 
Engr.,  American  Smelters  Securities  Co.,  Velardena^  Mexico.  1911-12,  Engr.  ana 
Mine  Supt.,  Predilecta  Min.  Co.,  Guanacevl  Mexico.  1912,  Engr.,  Cia.  Minera 
Exploradora  y  Explotadora  de  Guanacevi,  Mexico.  191*2-13,  Engrg.  office,  Green 
River,  Utah.     1913-16,  Mine  Supt.;  1916-17,  Asst.  Mgr.,  Mexican  Candelaria  Co. 

Present  position — 1917  to  date:  Mgr.,  Mexican  Candelaria  Co. 

Kirtley  F.  Mather,  Granville,  Ohio. 

Proposed  by  David  White,  F.  L.  Ransome,  Greorge  Otis  Smith. 

Bom  1888,  Chicago,  HI  Denison  Univ.,  Granville,  Ohio.  1909,  B.  Sc.;  1915, 
Ph.  D.,  Univ.  of  Chicago.  1910,  Summer,  Geologic  Aid;  1911,  Summer,  Junior 
Geol,  U.  S.  Geol  Survey.  1911-12,  Instr.  in  Geol;  1912-14,  Asst.  Prof,  of  Geo!., 
Univ.  of  Arkansas.  1913-16,  Summers,  Junior  Geol,  U.  S.  Geol  Survey.  1916-17, 
Assoc.  Prof,  of  Geol,  Queen's  Univ.,  Kingston,  Ontario.  1917,  Summer,  Asst.  Geol; 
1918,  Summer,  Assoc.  Geol,  U.  S.  Geol  Survey.  1917-18,  Prof,  of  Paleontology, 
Queen's  Univ. 

Present  position:  Prof,  of  Geol,  Denison  Univ. 
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Chester  Shennan  Moody,  Minneapolu,  Minn. 

Propoeed  by  Thomas  M.  Bains,  Jr.,  E.  H.  Comstocke,  William  Campbell. 
Bom  1891,  Minneapolis,  Minn.     1916,  Univ.  of  Minn.,  B.  Sc^  1917,  Mech.  Engr. 
1911-17,  In  varying  capacities,  Minneapolb  Steel  &  Machinery  Co. 

Present  position — 1917  to  date:  Met.  Engr.,  Minneapolis  Steel  &  Machinery  Co. 

Hubert  E.  Nelson,  Keokuk,  la. 

Proposed  by  Thomas  F.  Wettstein,  Austin  T.  Hyde,  James  A.  Caselton. 
Bom  1891,  Argyle,  la.     1916.  GnuL.  Univ.  of  Wisconsin,  Ch.  E. 
Present  position — 1916  to  date:  Cfhem.,   Technical  Dept.,   River  Smelting  & 
Refin.  Co. 

John  Parkinson,  London,  S.  W.,  England. 

Proposed  by  George  A.  Macready,  John  A.  Dresser,  J.  B.  TyreU. 

Bom  1872,  London.  1889,  Univ.  College,  London.  1903,  St.  John's  College, 
Cambridge,  B.  A.,  M.  A.  1903-06,  Principal  Mineral  Survey,  Sn.  Nigeria.  1906- 
08,  GeoL,  Liberian  Dev.  Co.,  Ltd.  1911-13,  Water  Investigation,  Magadi  Soda, 
Ltd.,  East  Africa  Protectorate.  1914-15,  Water  reconnaissance.  Government  ot 
East  Africa  Protectorate.  Fellow,  Geological  and  Royal  Geological  Societies  of 
London;  M.,  Inst.  M.  and  M.,  London. 

Present  position — 1915  to  date:  Chief  Geol.,  United  British  West  Indies,  Pet. 
Syndicate,  Trinidad. 

Robert  Benson  Rogers,  Chewelah,  Wash. 

Proposed  by  Preston  Locke,  Bert  F.  Smith,  L.  K.  Armstrong.  ^ 

Bom  1883,  Montclair,  N.  J.  1905^)6,  Ensr.,  Hudson  Iron  Co.,  Fort  Mont- 
(Somery,  N.  Y.  1906-07,  Scout  work,  Cobalt  and  vicinity.  1907-08,  Opened  assay- 
mg  and  surveying  office,  patent  surveys  and  U.  S.  land  surveys.  1908-12,  Surveyor, 
Chief  Engr.,  Asst.  Supt.  of  Constr.  on  new  mill  and  cyanide  plant,  N.  Y.  Honduras 
Rosario  Min.  Co.,  Honduras,  C.  A.  1913-15,  Partner,  Davis,  Rogers  Co^  Engrs.  and 
Contractors,  San  Francisco,  Cal.;  built  rock-crushing  plant  for  U.  S.  Govt..  Angel 
Island;  installed  steam  plant,  electric  pumping  nlants  and  municipal  asphalt  plant  for 
City  of  San  Francisco.     1916-17,  Engr.,  Ray  Cons.  Copper  Co.,  llay,  Ariz. 

Present  position — 1917  to  date:  Supt.,  Northwest  Magnesite  Co. 

Norman  Brownell  Roper,  Casapalca,  Pem. 

Proposed  by  John  M.  Boutwell,  C.  V.  Drew,  J.  C.  Branner. 

Bom  1875,  Santo  Ana,  Cal.  188^-92,  Public  Schools,  Santa  Ana,  Cal.  1892- 
96,  Leland  Stanford,  Jr.,  Univ.,  Mech.  E.  1896-99,  Machinist,  Union  Iron  Works, 
San  Francisco,  Cal.  1899-1900,  Draftsman,  United  Engineering  Works,  San  Fran- 
cisco. 1900-01,  Erecting  Engr.,  Q.  M.  Dept.,  U.  S.  A^  Philippines.  1902-06, 
Draftsman,  Supt.  of  Constr.,  Cananea  Cons.  Copper  Co.,  Cananea,  Mex.  1906-10, 
Sales  Engr.,  Power  &  Min.  Machinery  Co.,  New  York  and  Milwaukee.  1910-12, 
Mech.  Supt.,  Cerro  de  Pasco  Min.  Co.,  La  Fundicion,  Peru.  1912-17,  Supt.  of 
Constr.,  Smelter  Supt^  Sociedad  Minera  Backus  y  Johnston  del  Peru. 

Present  position:  Genl  Mgr.,  Sociedad  Minera  Backus  y  Johnston. 

Edward  Thomas  Rowlinc,  Oruro,  Bolivia. 

Proposed  by  H.  L.  Venables,  G.  H.  Bliek,  M.  G.  F.  Sohnlein. 

Bom  1879,  Camborne,  Ensland.  Public  schools;  technical  training  by  special 
study.  1896-98,  Dolcoath  mme,  Comwall,  England.  1901-03,  Mill  Foreman; 
1903-11,  Mill  Supt..  Totoral  Min  Co.  1911-18,  Asst.  Mgr.,  Sociedad  Estanifera 
Totoral  ConsoUdatea. 

Present  position:  Gen'l  Mgr.,  La  Reina  Mine,  Sociedad  Estanifera  Totoral 
Consolidated. 

Edwin  Shapl^,  San  Juancito,  Honduras. 

Proposed  by  Paul  R.  Cook,  James  K.  Dickson,  Walker  B.  Longan. 

Bom  1881,  Philadelphia,  Pa.  Friends  Central  School,  Philadelphia.  1902,  Grad. 
Univ.  of  Pennsylvania.  1904-07,  Surveyor,  Assayer,  La  Luz  Mm.  &  Tunnel  Co., 
La  Luz,  Mexico;  Cyanide  Shift  Boss,  Guanajuato  Cons.  Min.  Co. ;  Refinery  Foreman, 
Peregrina  Min.  Co.,  Guanajuato,  Mex.  1907-08,  Mill  Shift  Boss,  Esperanze  Min. 
Co.,  El  Oro,  Mex.  1908-09,  Min.  Engr^  Coahuila  Min.  &  Smelt.  Co.  1909-10, 
Asst.  Supt.,  mine  and  mill.  El  Tajo  Min.  Co.,  San  Sebastian,  Mex.  1910-14,  Gen'l. 
Supt.,  mine,  null  and  smelter,  Cia.  Minera  Mexicana,  Tapalpa,  Mex.  1914-15 
Mm  and  cyanideplant^  Buckhom  Mines  Co^  Nev.  1915-16,  Construction  of  mill, 
Tungsten  Mines  Co.,  Bishop,  Cal.  1916-17,  Siampling,  Inspiration  Cons.  Copper  Co., 
Miami,  Aris.;  enj^eerins  office  for  self. 

Pr^ent  position:  MiU  and  cyanide  plant,  N.  Y.  A  Honduras  Rosario  Mine. 
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Edward  L.  Sweenej,  Kennecott,  Alaska. 

Proposed  by  Alan  M.  Bateman.  D.  D.  Irwiiii  William  Dou^ass. 

Bom  1888.  Cavour,  S.  D.  18^4-1906,  Grammar  and  High  Schools.  1910-15, 
Univ.  of  Wasnington,  B.  S.  1906,  Independent  Asphalt  Paving  Co.  1907,  Lister 
Cons.  Co.,  Olympia,  Wash.  1907-08,  Eng.  Dept^  City  of  Tacoma,  Wash.  1909-10, 
Power  Plant  Construction,  Wright  ^  Sweeney,  Gen4  Contractors.  1911,  Summer, 
Water  Plant.  Wright  &  Sweeney.  1912,  Summer,  Trip  through  Southwest  min. 
region.  1913-14,  Tacoma  Smelt.  Co.  1915-16,  Assayer,  Tacoma  Smelt.  Co.  1916- 
18,  Assayer,  Mill  Foreman  and  Leaching  Plant  Foreman,  Kennecott  Copper  Corpn. 

Present  position:  Supt.,  Mill  and  Ammonia  Leaching  Plant,  same  company. 

Masayuki  Tatsuno,  lyo,  Japan. 

Proposed  by  Charles  E.  Locke.  Carle  R.  Hayward,  H.  O.  Hofman. 

Bom  1886,  Tokyo,  Japan.  College  of  Engrg.,  Tokyo  Imperial  Univ.  1917-18, 
Special  Student,  Mass.  Institute  ot  Technology.  1910-16,  Met.  Engr.,  Shisakajima 
(Jopper  Works,  Sumitomo  Besshi  Mine,  lyo,  Japan.  1916-17,  TraveBng  in  U.  S.  and 
Canada  visiting  mines  and  smelters. 

Present  position :  Met.  Engr.,  Sumitomo  Besshi  Mine,  lyo,  Japan. 

Douglass  Terpstra,  Dorchester,  Va. 

Proposed  by  J.  S.  Cheyney,  Howard  N.  Eavenson.  E.  O'Toole. 

Bom  1880,  The  Netherlands.  1902,  Grad.,  Technical  School,  Univ.  of  Delft, 
Mittweida,  Grermany,  E.  E.  1902-05,  Various  phases  of  electrical  work  around  the 
world.  1905-08,  Installed  underground  cable  system.  The  Hague,  Holland.  1908- 
13,  Constr.  Foreman,  Easton  Penn.  Power  Co.,  Easton,  Pa.  1913-15,  Constr.  Engr., 
New  York  Min.  Mfg.  Co.^ 

Present  position — 1915  to  date:  Gen'l  Mgr.,  Wise  Coal  &  Coke  Co. 

Arthur  Clarence  Thane,  Chewelah,  Wash. 

Proposed  by  Preston  Locke,  Bert  F.  Smith,  L.  K.  Armstrong. 

Bom  1886,  San  Francisco,  Cal.  1902-05,  School  of  Mechanical  Arts,  San  Fran- 
ciscoj  Cal.  1914-15,  Healds  Engrg.  School.  1913-14,  Foreman.  Sheepcreek  Tunne, 
Gastmeau  Min.  Co.,  JuneaiK  Alaska;  Assayer,  Surveyor,  Eagle  River  Min.  Co., 
Amalza,  Alaska.     1915-16,  Mulman,  Alaska  Gastineau  Min.  Co.,  Thane,  Alaska. 

Present  position — 1917  to  date:  Mill  Foreman,  Northwest  Magnesite  Co. 

Associates 

Donald  Fulton  North,  Thomas,  W.  Va. 

Proposed  by  George  Morris,  Andrew  B.  Crichton,  Boyd  Dudly,  Jr. 

Bom  1895,  Eleanora,  Pa.  1914^17,  Pennsylvania  State  College.  1911-13, 
Summers,  Engr.  Dept.;  1913-14,  Engrg.  Dept.,  Rochester  Pittsburgh  Coal  &  Iron 
Co.,  Punxsutawney,  ra. 

Present  position — 1917  to  date:  Transitman,  Engrg.  Dept.,  Davis  Coal  &  Coke 
Co. 

Lynn  Leslie  Pomeroy,  New  York,  N.  Y. 

Proposed  by  R.  L.  Lloyd,  Axel  O.  Ihlseng,  W.  E.  Pomeroy. 

Bom  1894,  Mesa  City,  Ariz.  1913-17,  Texas  School  of  Mines  and  Metallurgy. 
1906-07,  Assayer  helper,  Greene  Gold  Silver  Co.,  Ocampo,  Mex.  1907-11,  School. 
1911-12,  Feed  floor  foreman.  Shannon  Copper  Co.,  Clifton,  Ariz.  1912-13,  Mine 
Foreman,  W.  E.  Pomeroy,  Alamoffordo,  N.  M.  1913-17,  Student,  Texas  School  of 
Mines  and  Met.  1917,  Smelter  Cnem.,  Empire  Smelt.  Co.,  Deming,  N.  M.  1917- 
18,  U.  S.  Army. 

Present  position:  1st  Lieut.,  Infantry,  U.  S.  A. 

Stanton  Umbreit,  Milwaukee,  Wis. 

Proposed  by  Wells  K.  Gregg,  Richard  S.  McCaflPery,  A.  N,  Winchell.  W.  J.  Mead. 

Bom  1895,  Milwaukee,  Wis.  1908-12,  East  Division  High  School,  Milwaukee. 
1912-16.  Univ.  of  Wis.,  B.  S.  1917-18,  Grad.  Work,  Umv.  of  Wis.  1915-17. 
Researcn  Chem.,  Newport  Chemical  Works,  1917-18,  Instmctor,  Metallography  and 
Pyrometry,  Univ.  of  Wisconsin. 

Present  position:  Research  Chem.,  National  Lamp  Co. 

Junior  Associates 

James  Willes  Armstrong,  Norman,  Okla. 

Proposed  by  C.  W.  Shannon,  George  E.  Burton,  J.  M.  Herald. 

Bom  1894,  West  Plains,  Mo. 

Present  position :  Univ.  of  Oklahoma. 
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Stephen  T.  Bergh,  Golden,  Olo. 

Proposed  by  J.  C.  Roberto.  Victor  C.  Aldereon.  I.  A.  Palmer. 

Bom  1884,  Hillsboro,  N.  D.  1905-07,  Normal  School,  Moorhead,  Minn.  1910- 
12,  Univ.  of  Wis.,  Madison,  Wis.  1913-14,  Treadwell  Gold  Mines,  Alaska.  1915-17, 
Placer  Min.,  Interior  of  Alaska. 

Present  position:  Student,  Ck)lorado  School  of  Mines. 

James  R.  DarFAnce,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Aldersoii.  I.  A.  Palmer. 

Bom  1900,  Bishop.  Gal.  1914-15,  Bishop  Union  High  School,  Bishop,  Gal. 
1915-16,  Big  Pine  High  School,  Big  Pine,  Gal.  1916-17,  California  School  of  Me- 
chanical Arts.  1916,  Summer,  Los  Angeles  Aoueduct  Go.  1917,  Summer,  California 
State  Highway  Commission.     1918,  Summer,  Saline  Valley  Salt  Co.,  Gal. 

Present  position:  Student,  Colorado  School  of  Mines. 

Geoige  Vincent  Dunn.  Golden,  Colo. 

Proposed  by  J.  G.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer.     . 
Bom  1898,  Golden.  Colo.     1912-16,  Golden  High  School. 
Present  position:  Student,  Colorado  School  of  Mines. 

Walter  Arthur  Emanuel,  Madison,  Wis. 

Proposed  by  W.  J.  Mead,  A.  N.  Winchell,  Richard  S.  McCafifery. 

Bom  1896,  Fall  Creek.  Wis. 

Present  position:  Student,  Univ.  of  Wisconsin. 

Geoige  M.  Enos,  Rapid  City,  S.  D. 

Proposed  by  F.  W.  Traphagen,  Charles  Bentley,  W.  C.  Bochert. 

Bom  1896,  Dubuque,  Iowa.  1912-14,  High  School,  Philips,  S.  D.  1918,  Sum- 
mer, Constr.  work.  Western  Potash  Works,  Antioch,  Neb. 

Present  position — 1916  to  date:  Student,  Asst.  Chem.,  South  Da];ota  State 
School  of  Mines. 

Anthony  Folger,  Berkeley,  Gal. 

Proposed  by  G.  C.  Gester,  Frank  H.  Probert,  George  D.  Louderback. 
Bom  1896,  Portland,  Ore.     1915-19,  Univ.  of  California,  Senior  on  leave  of 
absence. 

Present  position:  Geological  Dept.,  Standard  Oil  Co.,  San  Francisco,  Gal. 

Paul  Artmus  Gochenour,  Delphi,  Ind. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson.  I.  A.  Palmerl 

Bom  1899,  Delphi,  Ind.     1914-18,  Delphi  High  School. 

Present  position:  Student,  Colorado  School  of  Mines,  Golden,  Colo. 

Ralph  Julius  Hall,  Rapid  City,  S.  D. 

Proposed  by  F.  W.  Traphagen,  Charles  Bentley,  W.  C.  Bochert. 
,  Bom  1896,  Lead,  S.  D.     1914,  Grad.,  Lead  High  School.     1914,  Min.,  Homestake 
Min.  Co.,  Lead^  S.  D.     1918,  Mill  and  Assayer.  Nlanion  Operating  Co.,  Lead,  S.  D. 
Present  position:  Student,  South  Dakota  State  School  of  Mines. 

Thomas  B.  Leech,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 

Bom  1898,  Cripple  Creek,  Colo.  1916.  Grad.,  Central  High  School,  Muskogee. 
1916^  Westem  Spelter  Co.,  Henryetta,  Okla.  1917,  Traveling  Inspector  and  Labo- 
ratory Inspector,  The  Texas  Co.,  Tulsa,  Okla. 

Present  position:  Student,  Colorado  School  of  Mines. 

Frederick  A.  Lichtenheld,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 

Bom  1896,  Central  City,  Colo. 

Present  position:  Student,  Colorado  School  of  Mines. 

Otto  H.  Metzger,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 

Bom  1894,  Meeker,  Colo.  1910-14,  Rio  Blanco  High  School.  1914-15,  Univ.  of 
California.  1916,  Summe^  Trammer,  Golden  Cycle  Min.  Co.,  Cripple  Creek,  Colo. 
1917^  Summer,  Sampler,  Alto  Min.  Co.,  Telluride,  Colo. 

Present  position:  Student,  Colorado  School  of  Mines. 
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Ernesto  Omeloa,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 

Bom  1891,  San  Pedro,  Coah.,  Mex.  1906-11,  Preparatoiy  School,  Cascadilia 
School,  Ithaca,  N.  Y.  1911-16,  Sibley  College,  Cornell  Univ.,  Ithaca,  N.  Y.,  M.  E. 
1916-17,  Remington  Arms,  U.  M.  C.  Co.,  Bridgeport,  Conn.  1917-18,  Bridgeport 
Brass  Co.,  Bridgeport,  Conn. 

Present  position:  Student,  Colorado  School  of  Mines. 

Otto  Adolph  Ray,  Madison,  Wis. 

Proposed  by  Richard  S.  McCaflfery,  W.  J.  Mead,  A.  N.  Winchell. 

Bom  1896,  Fish  Creek,  Wis. 

Present  position:  Student,  Univ.  of  Wisconsin. 

Lloyd  Milton  Scofield,  Sturgeon  Bay^Wis. 

Proposed  by  Richard  S.  McCaffery,  W.  J.  Mead,  A.  N.  Winchell. 

Bom  1897,  Sturgeon  Bay,  Wis. 

Present  position:  Student,  Univ.  of  Wisconsin. 


Hugh  Martin  Shepard,  Hamilton,  Ont^  Canada. 

Proposed  by  Georae  A.  Guess,  H.  E.  T.  Haultliin,  Frederick  C.  Dyers. 

Bom  1899,  Hamilton,  Qnt.,  Canada.  1912-17,  Hamilton  Colle|;iate  Institute, 
Hamilton,  Qnt.,  Canada.  1917-18,  Faculty  of  Applied  Science.  Umv.  of  Toronto. 
1917,  Summer,  Hamilton  Facing  Mills,  Hamilton,  Ont^  Canaaa.  1918,  Summer, 
Dominion  Steel  Foundry  Co.,  Hamilton:  Blast  Furnace  Steel  Co.  of  Canada. 

Present  position:  Student,  Univ.  of  Toronto. 

Wilbur  Augustas  Treadwell,  J[r.,  Pueblo,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 

Bom  1899.  Victor,  Colo.  1913-18.  Central  High  School,  Pueblo,  Colo.  1915, 
Locomotive  Craneman,  Colorado  Fuel  &  Iron  Co.,  Pueblo,  Colo.  1918,  Chem., 
Norcross  Chemical  Co.,  Denver.  Colo. 

Present  position:  Student,  Colorado  School  of  Mines,  Golden,  Colo. 

William  Albert  Waldschmidt,  Rapid  City,  S.  D. 

Proposed  by  F.  W.  Traphagen.  Charles  Bentley,  W.  C.  Bochert. 

Bom  1897,  Riverton,  Neb.  1916,  Grad.,  Hi^  School,  Lead,  S.  D.  1913,  14, 
16,  Summers,  Min.,  Homestake  Min.  Co.  1916^ummer,  Mill.,  Elk  Mt.  Min.  A 
Mill.  Co^  Deadwood,  S.  D.  1918,  Surveying,  Warren-Lamb  Lumber  Co.,  Rapid 
City,  S.  D. 

Present  position:  Student,  South  Dakota  School  of  Mines. 

Warren  Weir  Walters,  Madison,  Wis. 

Proposed  by  Richard  S.  McCaflfery,  W.  J.  Mead,  A.  N.  Winchell. 

Bom  1898,  Orland,  Cook  Co.,  111.  1912-16,  Crane  Tech.  H.  S.,  Chicago.  1916, 
Univ.  of  Wis.  1918,  Summer,  Mine  Surveyor,  M.  A.  Vlamia  Ore  Min.  Co.,  Viiginia, 
Minn. 

Present  position:  Student,  Univ.  of  Wisconsin. 

Edward  O.  Werba,  Madison,  Wis. 

Proposed  by  Richard  S.  McCaflfery,  W.  J.  Mead,  A.  N.  Winchell. 
Bom  1897,  Milwaukee,  Wis.     1916,  Miner,  Martin  mine,  Benton,  Wis.     1917, 
Draftsman,  Cutter  Hammer,  Milwaukee,  Wis.     1918,  Min.  Eng^  Mine  Carlota,  Cuba. 
Present  position — 1916  to  date:  Student  in  Min.,  Univ.  of  Wisconsin. 

Yu  Den  Woo,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 
Bom  1898,  China.     1917-18.  Student  in  Min.,  Univ.  of  Califomia. 
Present  position:  Student,  Colorado  School  of  Mines. 

Change  of  Staiua — Junior  Assodaie  to  Member 

John  M.  Price,  Fort  SiU,  Okla. 

Proposed  by  J.  Bums  Read,  Charles  H.  Fulton,  Zay  Jeflfries. 

Born  1889,  Ironton,  Ohio.  1898-1903,  Common  School.  1903*07,  Ironton  High 
School.  1907-10,  Western  Reserve  Univ.  1911-13,  Case  School  of  Applied  Science. 
1913-16,  Chief  Engr.;  1916-18,  Asst.  Supt.,  Ottawa  mine,  Montreal  Min.  Co., 
Hurley,  Wis. 

Present  position:  2d  Lieut.,  Air  Service,  Military  Aeronautics. 


Amebicak  bfSTiTUTE  OF  MiNiKO  Enoinbers  Ixui 

STANDING  COMMITTEES 

^xaculm — SioiTBT  J.  JaMtriNCM,  chairman. 

Mmbtnhip—KAML  Eilxbs,  chairman. 

Finance — J.  V.  N.  Dobb,  chairman. 

Library — ^E.  Gtbbom  Spiububt,  chairman. 

Papert  and  PubUeaHonM — Bbadlbt  Stovobton,  chairman. 

Nowninaiunu—R.  Y.  NoBBiSr  chairman. 


EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 

Ntw  Tork^AuMH  H.  Roobbb,  chairmen;  W.  8.  Dickson,  secretary,  71  Broadway,  New  York,  N.  Y, 

Meets  first  Wednesday  after  first  Tuesday  of  each  month. 

Bo9bm — ^Alfbbd  C.  Lanb,  chairman;  H.  M.  Botlston,  secretary-treasurer,  26  Abbot  Bldg.,  Cambridge, 

Mass. 

Meets  first  Monday  of  each  winter  month. 

Columhia — S.  S.  Fowlbb,  chairman;  Ltndon  K.  Abmbtbono,  secretary-treasurer,  720  Peyton  Bldg.i 
Spokane,  Wash. 

Holds  four  sessions  during  year.    Annual  meeting  in  September  or  October. 

Pitget  Sound — Hbmbt  Landbs,  chairman;  Pbbct  E.  Wbiobt,  secretary-treasurer,  2012  L.  C.  Smith 

Bldg.,  Seattle,  Wash. 

Meets  second  Saturday  of  each  month. 

Southern   California — Raz.pb   Abnold,   9hairman;   Altin   B.   Cabpbmtbb,   secretary-treasurer,   630 
CitiaenB  National  Bank  Bldg.,  Los  Angeles,  CaL 

Colorado — Cbablbs  M.  MacNbill,  chairman;  Fbbd  Cabboll,  secretary-treasurer,  State  Capitol* 
Denver,  Colo. 

Montana — N.  B.  Bbalt.  chairman;  £.  B.  Yovno,  secretary-treasurer,  626  Hennesy  Building,  Butte, 
Mont. 

San  Franeiaeo—^y  H.  Eluott,  chairman;  W.  H.  Sbocklbt.  secretary-toeasurer,  060  Wayerley  St., 
Palo  Alto,  Cal.. 

Meets  second  Tuesday  of  each  month. 

Pennsffhania  AnthraeiU — R.  V.  Nobbis,  chairman;  Pavl  Stbbumo,  secretary-treasurer.  Lehigh  Valley 
Coal  Co.,  Wilkee-Barre.  Pa. 

St.  Louio — ^EuGXNB  McAuLiFFB,  chairman;  Wai/tbb  E.  McCoubt,  secretary-treasurer,  Washington 
Univ.,  St.  Louis,  Mo. 

CAieoffo— Cbablbs  H.  MacDoWbll,  chairman;  Hbzoit  W.  Nichols,  secretary-treasurer,  Field  Museum 
of  Natural  History,  Chicago.  HI. 

Ulah — ^Wn.LLAic  Wbaith,  chairman;  F.  Q.  Mosbs,  secretary-treasurer,  University  of  Utah,  Salt  Lake 
aty,  Utah. 

Ariaona — ^L.  O.  Howabd,  chairman;  H.  L.  Nobtom,  secretary-treasurer,  Globe,  Aria. 

Naada — B.  E.  H.  Pombbot,  chairman;  "BmNvr  M.  Rivbs,  secretary-treasurer,  210  Reno  National 
Bank  Bldg.,  Reno,  Nev. 

Tulaa — ^Alf.  Q.  HsaaBM,  chairman;  Jambs  H.  Qabdnbb,  secretary-treasurer,  Tulsa,  Okla.- 

Waakington,   D.   C. — Hbbbbbt   C.  Hoovbb,  chairman;  A.  O.  White,  secretary-treasurer,  Dept.  of 
Interior  Bldg. 

Mexico  (InsUtuto  Mexicano  de  Minas  y  Metalurgia.) — Yictob  M.  Bbaschi,  chairman,  Committeeron 
Organisation. 
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COMMITTEE  ON  JUNIOR  MEMBERS  AND  AFFILIATED 

StUDENT  SOCIETIES 

Cbarlbb  H.  Fulton,  chairman;  Waltxr  R.  Crank,  Moretary,  Penxwylvania  State  College,  State 
College.  Pa. 


COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

J.  y.  N.  Dobr,  chalrmaii;  H.  C.  Pabmklbn,  aeeretary,  CJWm.  dt  M§t.  Bng.,  10th  Ave.  A  36th  St.,  New 
York,  N.  Y. 


INSTITUTE  REPRESENTATIVES 

UniUd  Bngin^ering  Society  TrutUu — Cbablbs  F.  Rand,*  W.  L.  Saundxb8,>  Bbnjamin  B.  Thatxb.* 

Sngineerififf  Foundation — R.  M.  Raticond,^  J.  W.  RicHARDft,  Bxnjamin  B.  Thatxr.<  1 

Library  Board,  United  Bnoinoering  Society — Alnx  C.  HuMPHBBTt,*  J.  H.  Jankwat,<  E.  Qtbbon  Spiia- 
BUBT,i  Gbobob  C.  Stonb,*  Bbadlbt  Stouobton. 

John  PritB  Medal  Board  of  Award — C.  R.  CqaNDfo,*  Cbablbs  F.  Rand,^  E.  Qtbbon  Spilcbubt,* 

BBNJAIIIN  B.  TBATBB.i 

Enffineering   Council — J.   Pabxb   Cbanning,!  S.   J.   Jbnninqs,!   G.  F.  Kune,^  Edwin   Ludx.ow,* 

P.   N.   MOOBB.I 

Amgrioan  Aeeociation  for  the  Adwancement  of  Science — Waldbmar  Lindgbbn,  Jobbpb  B.  Ttbbbli.. 

Commitiee  on  Standardieation  of  Cfraphical  Methoda — Judd  Stbwabt. 

Joint  Committee  on  War  Minerale — William  Y.  WsBrBBTBLT. 

Committee' on  Mining  Law  Revieion — Jambb  R.  Finlat,  D.  C.  Jacklino,  Hbnnbn  Jbnninos,  C.  F. 
Kbllbt,  Edmund  B.  Kibbt. 

National  Reeearch  Council — P.  N.  Moobb. 

Naval  ConeulHna  Board — William  L.  Saundbbs,  Bbnjamin  B.  Thatbb. 


COMMITTEE  ON  ARRANGEMENTS,  NEW  YORK  (119TH)  MEETING,  1919 

Allbn  H.  Roqbbb,  chairman;  W.  S.  Dickson,  secretary,  71  Broadway.  New  York,  N.  Y. 


TECHNICAL  COMMITTEES 
Institute  of  Metals  Diyibion 

William  M.  Cobsb,  chairman;  Fbbd  L.  Wolf,  secretary,  Ohio  Brass  Co..  Mansfield,  Ohio 

Iron  and  Steel 

JoBBPH  W.  RicBABDB,  chairman,  Lehigh  Univ.,  So.  Bethbhem,  Pa. 

Syb-cammiUeea 

Iron  Ore — Dwigbt  E.  Woodbbidgb,  chairman. 

Blaet  Pumacu — H.  A.  Bbabbbbt,  ohsirman. 

Steel  Worke — Hbnbt  D.  Hibbabd,  chairman. 

Mechanical' Treatment— A.  A.  Stevenson,  chairman. 

Foundry — Richabd  Moldbnxb,  chairman. 

Chemi^ry,  Phyeiee,  and  Metallography — Hbbbbbt  M.  Botlston,  chairman. 


■Until  Feb.,  1019.       'Until  Feb.,  1020.       < Until  Feb.,  1021.       c Until  Feb.,  1922. 


America^  Institute  op  Mining  Engineers  Ixv 

TECHNICAL  COMMITTEES— Continued 
Petroleum  and  Gas 

AsTHozrr  F.  Lucas,  chairman;* Isaac  N.  Knapp,  secretary. 

Coal  and  Coke 

Samvxl  a.  Taylor,  chairman;  William  £.  Fohl,  aeeretary.'.Farmers'  Bank  Bldg.,  Pittsburgh,  Pa. 

Precious  and  Base  Metals 

Chaslss  W.  Goodalb,  chairman;  Darsis  C.  Bard,  secretary,  Montana  State  School  of  Mines,  Butte, 
Mont. 

Svb-cantmiUeea 

Copper — Edward  P.  Mathkwbon,  chairman. 

Gold  and  Silver — F.  Ltnwood  Garrison,  chairman. 

Lead — Hbtnrich  O.  Hopman,  chairman. 

Zinc — Grorok  C.  Stonb,  chairman. 

MieceUaneoua  MetaU — Charlbs  H.  Fulton,  chairman. 

Placer  Deponte—CaARLES  Janin,  chairman. 

Non-metallic  Minerals 

HxnfRiCB  Ribs,  chairman;  Wiluam  C.  Phalbn,  secretary,  U.  S.  Bureau  of  Mines,  Washington,  D.  C. 

Mining  Geoloqt 

JoHK  W.  FracH,  Tiee-chairman;  L.  C.  Graton,  secretary,  Harvard  Geological  Museum,  Cambridge, 
Mass. 

Minino  Methods 

RoBBRT  M.  Catlut,  chairman;  Bbnjamin  F.  Tillson,  secretary,  Franklin  Furnace,  N.  J. 

Milling  Methods 

RoBBRT  H.  Richards,  chairman;  Charles  £.  Locke,  secretary,  Mass.  Institute  of  Technology,  Boston, 
Mass. 

Mining  Law 

CoBMBLius  F.  Kellet,  chairman. 

The  Use  of  Electricitt  in  Mines 

WixxiAM  Kellt,  churman. 

Industrial  Organization 

T.  T.  Read,  chairman. 

Suh-<oinmitiee8 

AnurieantMotion — Hennek  Jbnninos,  chairman.     (To  cooperate  with  National  Americanisation  Com- 
mittee.) 

CrippUe  in  Indueiry — B.  A.  Robinson,  chairman.     (To  cooperate  with  the  Surgeon  General,  U.  8.  A., 
and  the  Red  (>08s  Institute.) 

BdueaHon — ^E.  E.  Bach,  chairman.     (To  cooperate  with  National  Association  of  Corporation  Schoob.) 

Btnpiotfment — H.  M.  Wilson,  chairman.     (To  cooperate  with  U.  8.  Department  of  Labor.) 

Hontinq — C.  R.  Hoox,  chairman.     (To  codperate  with  National  Hoxising  Association,  and  U.  S.  Dept. 
of  Labor.) 

Mental  Hyqiene  in  Industry — T.  T.  Rbad,  chairman.     (To  codperate  with  National  Committee  for 
Mental  Hygiene.) 

Rraeeniion  of  lUneu — ^H.  I.  Young,  chairman.     (To  codperate  with  American  Public  Health  Associa- 
tion, etc.) 
8a/eiy-^B.  F.  Tillson,  chairman.     (To  codperate  with  National  Safety  Council.) 
Social  Surveye—C.  W.  Goodalb,  chairman.     (To  tioSperate  with  Russell  Sage  Foundation.) 
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REQUIREMENTS  FOR  MEMBERSHIP 

Extract  From  Constitution 

ARTICLE  II 

Members 

Sec.  1.  The  membership  of  the  Institute  shall  comprise  four  classes,  namely: 
1.  Members;  2.  Honorary  Members;  3.  Associates;  4.  Junior  Associates. 

All  members  shall  be  equally  entitled  to  the  privileges  of  membership,  excepting 
that  Honorary  Members,  Junior  Associates,  and  Members  and  Associates  whose 
residences  shall  be  outside  of  the  United  States,  Mexico,  and  Canada,  shall  not  be 
entitled  to  vote.  Members  and  Associates  residing  within  the  United  States  of 
America,  Mexico,  and  Canada,  and  not  in  arrears  for  dues,  shall  be  entitled  to  vote  in 
person  at  the  meetings  of  the  Institute,  or,  as  hereinafter  provided  for,  by  letter 
Dallot. 

Sec.  2.  MEMBERS  shall  comprise  all  those  persons  who  on  the  third  Monday 
of  February,  1918,  were  members  of  the  Institute,  and  in  addition  thereto,  all  those 
thereafter  elected  or  transferred  into  the  class  of  Members. 

MEMBERS  must  be  at  least  27  years  of  age  and  must  have  had  at  least  six  ^rears' 
employment  in  the  practice  of  engineering,  mining,  geology,  metallurgy  or  chemistry, 
during  at  least  three  years  of  which  they  must  have  held  positions  of  responsibility  in 
one  or  more  of  these  fields. 

Graduation  from  the  scientific  course  of  a  college,  approved  by  the  Committee  on 
Membership,  shall  be  considered  equivalent  to  two  years'  employment,  as  required 
in  the  previous  sentence.. 

Employment  as  a  teacher  of  engineering,  mining,  geology,  metallurgy  or  chemistry, 
if  in  direct  charge,  may  be  considered  a  position  of  responsibility  as  specified  in  the 
second  preceding  paragraph*. 

Persons  employed  in  research  or  any  scientific  literary  work  or  in  teaching  in  the 
scientific  departments  of  colleges,  approved  by  the  Committee  on  Membership,  who 
at  the  same  time  are  engaged  in  consulting  or  in  the  active  practice  of  mining,  geology, 
or  metallurgy,  shall  be  entitled  to  consider  the  time  so  spent  in  active  practice  as 
equivalent  to  an  eaual  length  of  time  of  employment  in  positions  of  responsibility, 
provided  the  work  aone  or  the  positions  held  seem  to  the  Committee  on  Member^up 
to  warrant  the  equivalency. 

The  requirement  of  three  years'  employment  in  positions  of  responsibility  may  be 
waived  by  the  Committee  on  Membership  in  the  case  of  persons  who  have  done  notable 
original  work  in  mining,  geology,  or  metalluray,  or  have  won  distinction  by  research  or 
investigations  in  one  or  more  of  these  subjects.  By  investigation  or  research  is 
understood  laboratory  experimentation  as  distinct  from  investigations  in  literature 
or  compilations  of  the  work  of  others. 

ASSOCIATES  shall  be  those  who,  in  the  opinion  of  the  Committee  on  Membership 
and  the  Board  of  Directors,  are  suitable  for  such  election  or  transfer  by  reason  of  their 
interest  in  or  connection  with  mining,  geology,  metallurgy,  or  chemistry. 

JUNIOR  ASSOCIATES  shall  comprise  all  students  in  good  standing  in  engineer- 
ing schools,  who  have  not  taken  their  degrees  and  are  nominated  by  at  least  three 
members,  two  of  whom  must  be  their  instructors.  A  Junior  Associate  may  remain 
such  not  longer  than  five  years  after  leaving  the  engineering  school,  at  the  end  of 
which  period  his  qualifications  to  become  a  Member  or  Associate  must  be  passed 
upon  by  the  Committee  on  Membership.  If  elected  he  shall  pay  at  that  time  the 
entrance  fee  and  dues  of  a  Member  or  Associate. 

In  case  there  is  any  question  as  to  the  classification  of  a  candidate  the  Committee 
on  Membership  may  require  from  him  any  evidence  he  desires  to  present  and  Uie 
decision  of  the  Committee  as  to  the  proper  status  shall  be  final. 

Every  candidate  for  election  as  a  Member,  Associate,  or  Junior  Associate  must  be 
proposed  for  election  by  at  least  three  Members  or  Associates,  must  be  approved  by 
the  Committee  on  Membership,  as  prescribed  in  the  By-Laws,  and  must  oe  elected 
bv  the  Board  of  Directors 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[STTBJECT  TO  BBVISION] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  penon  at  the 
New  York  Meeting,  Pelvuary,  1919.  when  an  abstract  of  the  pft-per  will  be  read.  If  this  is  impossible, 
then  diswnwsion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  ¥.,  for  presentation  by  the  Secretarjr  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made  the  discussion  of  this  paper  will  close  Apr.  1, 1919.  Any  disoussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Petroleum  Hydrology  Applied  to  Mid-Continent  Field* 

BY  BOY  O.   NBALjt  BABTLE8YILLB,   OKLA. 
(New  York  Meeting,  February,  1919) 

Thbbe  are  two  main  sources  of  the  water  that  floods  productive  oil 
or  gas  sands.  The  water  may  rise  from  the  lower  depths  of  the  producing 
stratum,  or  it  may  come  from  beds  above  or  below  the  oil-bearing  forma- 
tion. Usually  the  recovery  of  oil  is  decreased  by  water  entering  the 
oil  sands,  and  most  oil-field  waters,  especially  those  of  deep  wells,  tend 
to  foster  the  formation  of  an  emulsion,  which  is  expensive  to  treat. 
This  paper  deals  with  a  method  of  distinguishing  between  waters  that 
encroach  upon  oil-bearing  beds  from  sources  in  the  same  stratum  and 
waters  that  reach  the  oil  sands  from  horizons  above. 

In  order  to  remedy  effectually  water  difficulties  in  oil  and  gas  wells, 
it  is  absolutely  necessary  to  determine  the  source  of  the  invading  water. 
Sometimes  evidence  such  as  the  structural  relations  between  the  strata 
penetrated  by  neighboring  wells  and  those  found  in  the  well  under  in- 
vestigation is  not  adequate;  also,  data  from  drill  logs  and  well  records, 
from  mechanical  tests  made  on  the  wells  by  plugs,  testers,  drilling  tools, 
etc.,  and  from  tests  by  chemical  indicators  such  as  eosin  and  Venetian 
red,  may  be  unsatisfactory,  for  such  data  may  fail  to  locate  the  source 
of  the  infiltrating  waters.  As  a  resort  in  such  cases,  the  application  of 
eheinical  analyses,  that  is,  the  comparison  of  an  analysis  of  the  water  in 
question  with  that  of  typical  waters  from  the  various  water  horizons  in 
that  particular  district,  has  in  certain  instances  proved  of  value.  This 
method  has-been  used  to  advantage  in  the  Westside  Coalinga  field  of 
California,  where  the  source  of  water  may  be  fairly  definitely  determined 
from  its  composition. 

The  chief  conclusions  concerning  the  chemistry  of  the  oil-field  waters 
in  Calif omia  by  G.  S.  Rogers^  are:  "Oil-field  water  is  not  necessarily 
salty,  as  is  generally  believed,  and  may  not  be  even  slightly  salty  to 
the  taste.  The  degree  of  concentration  of  chloride  in  such  water  is 
governed  primarily  by  local  conditions  and  is  not  affected  by  the  position 

^  Published  by  permission  of  the  Director  of  the  U.  S.  Bureau  of  Mines  and  of  the 
ESmpire  Gas  &  Fuel  Co.  The  data  for  this  article  were  obtained  by  the  writer  in  an 
investigation  for  the  benefit  of  the  sub-surface  division  of  the  Geological  Department 
of  the  £znpire  Gas  A  Fuel  Co.  while  he  was  chemist  for  this  company. 

t^troleum  Experimental  Station,  U.  S.  Bureau  of  Mines. 

1  Chemical  Relations  of  Oil-field  Waters  in  San  Joaquin  Valley,  California.  U.  S. 
Geol.  Bur.  BvU.  663  (1917),  6. 
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of  the  water  in  relation  to  oil.  Sulfate  diminishes  in  amount  as  the 
oil  zone  is  approached  and  finally  disappears.  The  concentration  of 
carbonate  increases  as  the  oil  zone  is  approached,  but  depends  largely 
on  the  concentration  of  chloride.  The  horizon,  with  respect  to  the  oil 
zone,  at  which  these  alterations  take  place,  is  different  in  each  field." 
The  conditions  existing  in  the  Mid-continent  field  are  very  different 
from  those  in  California;  in  fact,  each  pool  probably  has  its  own  peculiari- 
ties, wholly  different  from  those  of  any  other  district.  In  all  pools  in 
the  Mid-continent  fields  that  have  come  to  the  writer's  attention,  the 
sulfates  increase  as  the  oil  horizon  is  approached.  In  fact,  in  most  cases 
the  sulfate  content  of  top  waters  is  practically  nil  whereas  in  the  bottom 

Table  1. — Analyses  of  Bottom  Water  Below  2500-/<.  Sand  in  Augt^ta 

Field 


Average  of 

Twenty 

Samples 

DistriDutod 

Over  Field 

Northern 

Extremity 

of  Field 

Southern 

Extremity 

of  Field 

Center  of 

Field.  Depth 

2545  Ft. 

Primary  salinity,  per  cent 

Secondary  salinity,  per  cent  — 
Secondary  alkalinity,  per  cent. 

Chloride  salinity,  per  cent 

Sulfate  salinity,  per  cent 

Iron,  parts  per  million 

Calcium,  parts  per  million 

Magnesium,  parts  per  million . . 
Sodium  and  potassium,  parts  per 

million 

Bicarbonate,  parts  per  million. 

Sulfate,  parts  per  million 

Chloride,  parts  per  million 

79.18 

19.98 
0.84 

92.08 
7.08 

22 

1,779 

464 

11,146 

313 

2,086 

20,007 

77.30 
21.82 
0.89 
88.68 
10.43 

32 

1,987 

445 

10,879 

234 

2,635 

19,552 

80.03 
18.66 

1.32 
90.88 

7.73 

38 

1,580 

544 

11,592 

353 

1,986 

20,384 

79.10 

19.19 
1.71 

91.84 
7.27 

56 

1,808 

455 

11,317 

456 

1,893 

20,384 

Total  solids,  parts  per  million 

35,817 

35,764            36,477 

36,369 

waters  the  sulfate  salinity  has  reached  as  much  as  10.5  per  cent.  The 
sulfate  content  has  proved  a  trustworthy  indication  of  bottom  waters, 
which  is  contrary  to  the  results  obtained  by  Rogers  for  the  California 
fields.  The  bicarbonates  vary  irregularly  and  are  not  consistent,  none  of 
the  waters  examined  showing  more  than  a  trace  of  carbonates.  The 
total  soUds  of  the  bottom  waters  always  was  considerably  lower  than 
that  of  any  of  the  top  waters,  and  is  a  fairly  reliable  property  to  study  in 
differentiating  between  top  and  bottom  waters.  More  recently  the 
method  has  been  used  extensively  by  the  Empire  Gas  &  Fuel*  Co.  in  the 
Butler  County  fields  of  Kansas  and  to  a  slight  extent  in  the  Blackwell 
field  of  Oklahoma. 
In  Table  1  are  the  analyses  of  bottom  waters  of  the  Augusta  field. 


ftOY  o.  NeaL  3 

The  primary  salinity'  is  due  to  the  presence  of  alkaline  salts  of  the  strong 
acids;  secondary  salinity  is  due  to  the  presence  of  calcium  and  magnesium 
salts  of  the  strong  acids.  Secondary  alkalinity  is  due  to  the  presence  of 
the  salts  of  magnesium,  calcium,  and  iron  of  weak  acids.  Chloride  sa- 
linity is  equal  to  the  siun  of  the  combined  chlorides  present  and  sulfate 
salinity  is  equal  to  the  sum  of  the  combined,  sulfates.  The  uniformity 
of  the  various  bottom  waters  is  conspicuously  apparent  from  these 
data.  From  the  results  of  more  than  125  samples  in  the  Augusta  field, 
it  was  found  that  the  sulfate  varied  from  7.15  per  cent,  to  10.52  per 
cent.;  the  chloride  salinity  ranges  from  88.44  per  cent,  to  94.25  per  cent, 
of  all  the  properties,  with  practically  all  the  results  below  92  per  cent. ; 
and  the  primary  salinity  between  70.72  per  cent,  and  85.55  per  cent,  of 
all  the  properties. 
In  Table  2  are  given  the  analyses  of  top  waters,  above  the  2500-ft. 

Table  2. — Analyses  of  Waters  Above  2500-fL  Sands  in  AugiLsta  Field 


» 

From  2160-ft. 
Water  Sand 

From  1280-ft. 
Water  Sand 

From  16dO-ft. 
Water  Sand 

80.24 

.     19.74 

0.02 

99.62 

0.35 

117 
4,950 
1,915 

34,452 

10 

252 

67,300 

80.92 
19.02 
0.06 
99.94 
none 

48 
6,710 
2,762 

49,298 
68 
trace 
96,800 

74.41 

Secondary  salinity,  per  cent 

Secondary  alkalinity,  per  cent 

25.55 

0.04 

99.96 

Sulfate  salinity,  per  cent 

none 

Iron,  partfl  per  million 

52 

Calcium,  parts  per  million 

Magnesium,  parts  per  million 

Sodium  and  potassium,  parts  per 
million 

7,440 
2,960 

37,026 

Bicarbonate,  parts  per  million 

Sulfate,  narts  per  million 

41 
trace 

Chloride,  parts  per  million 

78,800 

Total  solids,  parts  per  million . . . 

108,996 

154,686 

.    126,319 

sand,  from  distinctly  diiBferent  water  horizons  in  the  Augusta  field.  The 
primary  salinity  of  some  50  samples  of  top  waters  varied  from  70.72 
per  cent,  to  85.55  per  cent,  of  the  total  properties;  the  secondary  salinity 
from  14.12  per  cent,  to  29.25  per  cent.;  the  chloride  salinity  from  87.90 
per  cent.,  to  99.98  per  cent.;  and  the  sulfate  salinity  from  a  trace  to  0.35 
per  cent. 

The  chief  distinction  between  the  top  and  bottom  waters  is  the  per- 
centage of  total  solids.    The  content  of  solids  in  the  top  waters  averages 

'Chase  Palmer:  Geochemical  Interpretation  of  Water  Analyses.     U.  S.  Geol.  Sur. 
Bttfl.  479  (1911). 
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four  or  five  times  as  great  as  that  of  the  bottom  waters.  The  difference 
in  the  chloride  salinity  between  top  and  bottom  waters  is  a  reliable  index 
to  use  in  differentiating  the  various  waters.  The  distinctive  character 
of  the  waters  as  regards  the  sulfate  content  can  be  used  in  classifying  top 
and  bottom  waters. 

From  these  data,  it  is  obvious  that  the  top  and  bottom  waters  are  dis- 
tinctly and  uniformly  unlike  and  that  it  is  an  easy  matter  to  differentiate 
them;  it  is  extremely  difficult,  however,  to  distinguish  between  the  various 
top  waters,  inasmuch  as  there  appears  to  be  no  uniformity  in  their 
composition.  The  top  and  bottom  waters  being  so  different  in  total 
solids,  and  hence  in  specific  gravities,  it  has  been  suggested'  that  a 


Table  3. — Analyses  of  Water  in  Augusta  Field 


No. 

1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 


Lease  and  Well  No. 


Section 


Total  Solids 


Chlorides 


Sulfatea 


Love  No.  15 

Love  No.  6 

Love  No.  7 

Long  No.  2 

E.  Vamer  No.  9 

E.  Vamer  No.  7 

Smith  No.  11 

Smith  No.  14 

Haskins  No.  8 

Miller  No.  6 

Martin  No.  5 

F.  Vamer 

E.  Vamer  No.  9.... 

F.  Vamer  No.  16... 

Ralston  No.  25 

Scully  No.  4 

F.  Vamer  No.  12... 

Ralston  No.  18 

Scully  No.  10 

Curry  No.  2 

Ralston  No.  6 

F.  Vamer  No.  12... 

F.  Vamer  No.  1 

Ralston  No.  5.^..... 

Curry  No.  1 

Feltham  No.  15 ... . 

Brown  No.  10 

Ralston  No.  9 

Curry  No.  3 

Feltham  No.  13... 
E.  Vamer  No.  6. . . 
Cunningham  No.  4 


29 

49,932 

29,120 

2,424 

29 

40,860 

23,296 

2,860 

20 

41,028 

23,296 

2,992 

8 

43,500 

24,960 

2,096 

17 

46,732 

25,792 

2,700 

17 

49,008 

24,544 

2,424 

20 

46,620 

26,208 

2,396 

17 

41,200 

22,464 

2,644 

17 

153,600 

94,640 

892 

2 

34,032 

19,136 

2,644 

2 

40,300 

24,960 

2,516 

16 

36,336 

20,592 

2,560 

16 

42,528 

22,464 

2,940 

16 

155,956 

97,760 

696 

9 

35,588 

22,464 

2,328 

9 

33,320 

18,720 

2,444 

16 

37,428 

21,636 

2,748 

8 

41,872 

24,544 

2,588 

9 

39,152 

22,464 

2,876 

16 

37,428 

25,584 

2,404 

9 

41,756 

24,028 

2,762 

16 

47,496 

26,208 

2,020 

16 

36,148 

21,216 

2,860 

17 

43,808 

25,792 

2,896 

16 

36,000 

22,048 

2,484 

10 

43,128 

24,960 

1,612 

16 

39,656 

22,880 

2,962 

9 

38,736 

22,048 

2,840 

16 

90,684 

58,240 

1,864 

10 

37,364 

21,632 

2,436 

16 

38,320 

20,592 

2,688 

16 

36,116 

20,592 

2,416 

'  J.  O.  Lewis,  Petroleum  Technologist,  U.  S.  Bureau  of  Mines,  in  interview. 
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hydrometer  be  used  to  distinguish  the  waters.  In  most  cases  only 
three  determinations — namely,  total  solids,  sulfates,  and  chlorides — are 
necessary  to  detect  mixed  or  top  water  that  has  infiltrated  into  the  oil 
sand,  as  is  shown  by  Table  3.    It  is  apparent  that  samples  Nos.  9,  14, 

Table  4. — Properties  of  Water  in  El  Dorado  Field 


Bottom  Water  From 

2450-ft.  Sand. 

Per  Cent. 

Top  Water  From 

IfiOO-ft.  Horicon, 

Per  Cent. 

PrTmarv  saliflitv.  ,,..--.,,-.,-. 

80.20 
17.90 

1.90 
92.72 

'                  5.38 

1 

81.32 

Sftcond^ry  ^inHy  -...,.,.-. 

18.66 

SficondfUT  ftlkalinitv ........ 

0.02 

Chloride  salinity 

99.80 

0.18 

and  29  are  top  waters  or  of  a  mixed  tjrpe.  Complete  analyses  are  rec- 
ommended when  interpreting  results  of  a  questionable  mixed  water. 
There  is  a  close  agreement  among  the  various  bottom  waters,  the  results 
from  the  various  leases  in  the  field  nearly  coincide.    The  analyses  of 


Table  6. — Analyses  of  Water  in  El  Dorado  Field 


Composition,  in  Parts  per 
MiUion 


Bottom 
Water  From 
2450-ft.  Sand 


Top  Water 
From  1500- 
ft.  Horison 


Reacting  Values,  in 
Per  Cent. 


Bottom 
Water  From 
2450-f  t.  Sand 


Top  Water 

From  1600- 

ft.  Horison 


Iron 

Caldum 

MagTiesium 

Sodium  and  potassium 

Bicarbonate 

Sulfate 

Chloride 

Total  solids 


42 

1,350 

377 

9,318 

687 

1,310 

16,640 


63 

5,663 

2,935 

52,652 

40 

236 

99,640 


0.15 
6.68 
3.07 

40.10 
0.95 
2.69 

46.36 


0.0411 

5.02 

4.28 
40.66 

0.01 

0.09 
49.90 


29,624 


161,229 


the  top  waters,  even  from  the  same  horizon,  do  not  correspond  even  to  a 
degree  whereby  they  can  be  specifically  identified. 

Practically  identical  results  were  obtained  in  the  El  Dorado  field, 
the  analyses  of  the  water  being  very  similar  to  those  of  Augusta,  the  only 
difference  being  in  the  smaller  content  of  total  solids  in  bottom  waters 
as  is  shown  by  Tables  4  and  5. 
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The  following  reaction  coefficients  were  used  in  calculating  the  re- 
active values  of  the  various  constituents  in  these  waters:* 


Calcium.......  0.0499 

Magnesium 0 .  0S22 

Iron 0.0358 

Aluminum 0. 1107 


Sodium 0.0i35 

Potassium 0.0256 

Carbonates 0.0333 


Bicarbonates  ...  0.0164 

Sulfates 0.0208 

Chlorides 0.0282 


Analyses  of  the  waters  from  the  typical  water  horizons  in  the  Blackwell 
(Oklahoma)  field  are  relatively  similar  to  those  of  the  Kansas  field, 
excepting  that  the  concentration  of  the  various  salts  is  somewhat  higher. 
The  analyses  are  given  in  Table  6. 


Table  6. — Analyses  of  Water  in  Blackwell  Field^ 


Water  From 

Depth,  of 

2226-ft. 


Water  From 

Depth  of 

2640-ft. 


Water  From 

Depth  of 

3412-ft. 


Primary  salinity,  per  cent 

Secondary  salinity,  per  cent . . . 
Secondary  alkalinity,  per  cent 

Chloride  salinity,  per  cent 

Sulfate  salinity,  per  cent 


Iron,  parts  per  million 

Calcium,  parts  per  million 

Magnesium,  parts  per  million 

Sodium  and  potassium,  parts  per  million . . . 

Bicarbonate,  parts  per  million « . 

Sulfate,  parts  per  million 

Chlorides,  parts  per  million 


87.97 

12.02 

0.01 

99.99 

• 

None 


93.06 

6.93 

0.01 

99.99 

None 


52 

185 

174 

5,950 

3,412 

2,407 

3,855 

2,470 

9,353 

91,276 

104,079 

62,089 

25 

21 

58 

None 

None 

475 

162,240 

173,680 

126,800 

78.24 
21.71 

0.05 
99.59 

0.36 


Total  solids,  parts  per  million 


201,356 


The  general  definition  of  a  connate  water  is,  according  to  Rogers:* 
"A  sample  of  salt  water  may  reasonably  be  called  connate  if  it  approxi- 
mates ocean  water  in  chemical  composition  and  if  it  occurs  in  rocks  of 
marine  origin  in  which  the  circulation  of  the  water  is  very  sUght.  For 
practical  purposes,  therefore,  connate  water  may  be  defined  simply  as 
fossil  sea  water."  Although  it  could  not  be  expected  that  fossil  sea 
water  would  remain  unchanged  in  its  original  chemical  constitution 
when  in  contact  with  various  rocks,  it  is  remarkably  striking  how  closely 
the  composition  of  Augusta  bottom  water  resembles  that  of  ocean  water. 
This  is  shown  by  the  analyses  given  in  Tables  7  and  8. 


^  Taken  from  Kansas  State  Board  of  Health  Reports. 

*Oil  strata  are  at  1700  ft.  and  3400  ft.  (518  m.  and  1036  m.). 

•  Op,  cU.y  22. 
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Paramount  in  importance  is  the  collection  of  representative  samples 
of  waters  from  the  various  water  horizons  and  from  wells  distributed 
over  the  entire  field.  Reliable  samples  can  be  taken  only  at  the  time 
of  drilling  into  water  strata  and  it  may  prove  profitable,  especially 
in  a  newly  developed  field,  to  collect  representative  samples,  label 

Table  7. — Properties  of  Sea  Water  and  Augitsta  Bottom  Water 


AugUBta  Bottom  Water,' 
Per  Cent. 


Sea  Water,'  Per  Cent. 


Primary  salinity 

Seeondary  salinity . . 
Secondary  alkalinity 

Chloride  salinity 

Sulfate  salinity 


78.60 

21.10 

0.30 

go.  30 

9.24 


carefully  while  drilling  the  well,  and  preserve  for  future  reference  in 
case  water  troubles  arise  later.  After  an  adequate  number  of  trustworthy 
samples  of  typical  waters  have  been  examined,  it  is  possible  to  form  an 
estimate  on  the  probable  location  of  the  water  in  question  after  comparing 
with  analyses  of  water  from  known  horizons.     It  might  be  emphasized 

Table  8. — Comparison  of  Sea  Water  and  Augusta  Bottom  Water 


Composition,  in  Parts  per 
Million 


Reacting  Values,  in 
Per  Cent. 


Augusta 
Bottom 
Water' 


Sea  Water* 


Augusta 
Bottom 
Water' 


Sea  Water" 


Sodium  and  potassium 

Calchim 

Magnesium 

Iron 

Sulfates 

Chlorides  and  bromide 

Bicarbonates 

Carbonates 

Total  solids 


11,146 

1,779 

464 

22 

2,086 

20,007 

313 


35,817 


11,100 

420 

1,300 

2,700 
19,410 


39.59 
7.23 
3.12 
0.06 
3.54 

46.04 
0.42 


35,000 


39.31 
1.77 
8.92 

4.62 
45.22 

0.16 


that  too  much  care  cannot  be  exercised  in  procuring  representative 
samples,  also  that  generalizations  should  not  be  drawn  from  a  few  specific 
cases — ^that  is,  too  few  analyses. 

It  would  be  a  matter  of  speculation  to  say  that  the  application  of 
chemistry  to  water  problems  in  other  Mid-continent  fields  would  be 


'  Avera^  of  20  analyses  of  Augusta  bottom  water. 

•  Mean  of  77  analyses  of  sea  water,  by  W.  Dittman,  given  by  Chase  Palmer  in 
U.  S.  Gcol.  Sur.  BvU.  479. 
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as  benefipial  as  they  have  been  in  Butler  County,  but  inasmuch  as  good 
results  have  been  obtained  in  all  the  pools  that  have  been  examined, 
namely,  El  Dorado,  Augusta,  and  Blackwell,  as  well  as  the  California 
fields,  it  seems  possible  that  the  principle  can  be  practically  demonstrated 
in  other  fields,  although  the  characteristics  of  the  water  in  each  pool 
will  be  distinctive.  This  method  is  not  recommended  as  foolproof  or  as  a 
panacea,  but  should  not  be  neglected  in  determining  the  source  of  waters 
intruding  upon  oil-bearing  formation,  because  it  has  been  so  successfully 
applied  in  the  Butler  County  fields  and  will  undoubtedly  prove  of  much 
value  in  other  fields,  especially  where  complicated  water  difficulties 
are  encountered. 

The  writer  wishes  to  express  his  appreciation  of  the  assistance  and 
cooperation  rendered  by  A.  J.  Diescher,  A.  W.  McCoy,  L.  E.  Jackson, 
and  W.  A.  Williams  of  the  Empire  Gas  &  Fuel  Co.,  J.  O.  Lewis  of  the 
Bureau  of  Mines,  and  Dr.  Chase  Palmer  and  Dr.  G.  Sherburne  Rogers 
of  the  U.  S.  Geological  Survey. 
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BT   CHARLES   A.   MITKB,*  A.  B.,    PH.  B.,  BISBEE,    ARIZ. 
(New  York  Meeting,  February,  1010) 

The  United  Verde  Extension  mine  is  located  in  the  Jerome  mining 
district,  on  the  eastern  slope  of  the  Black  Hills,  approximately  northeast 
of  the  town  of  Jerome,  Yavapai  Coimty,  Arizona.  The  ore  deposit 
may  be  termed  a  replacement  in  Yavapai  schist.  This  schist  is  one 
of  the  oldest  formations  in  the  district,  being  probably  of  volcanic  origin, 
and  has  been  folded  and  faulted  and  contains  intrusions  of  diorite  and 
quartz  porphyry.  It  is  believed  that  the  mineralization  followed  the 
porphyry  intrusions  and  replaced  the  country  rock;  this  was  followed  by 
erosion  and  a  period  of  secondary  enrichment,  all  completed  in  pre- 
Cambrian  time.  Later  sediments  of  sandstones  and  limestones,  to  the 
depth  of  approximately  600  ft.  (182  m.),  were  laid  down,  followed  by 
volcanic  flows.  Faulting  and  erosion  again  took  place,  resulting  in  the 
present  complicated  arrangement  of  the  strata.  Prospecting,  therefore, 
is  very  difficult,  because  the  sediments  practically  cover  the  mineralized 
areas.  This  necessitates  the  sinking  of  deep  shafts,  cross-cutting,  and, 
in  some  instances,  diamond  drilling  to  learn  something  of  the  various 
relations  of  the  different  formations  apd  the  occurrences  of  intrusions 
associated  with  ore  deposition.  The  locating  of  new  orebodies,  therefore, 
is  beset  with  innumerable  difficulties. 

Early  Mining  Methods 

The  two  orebodies  constituting  the  principal  resources  of  the  company 
are  known  as  the  small  orebody  and  the  Bonanza,  or  large  orebody. 
These  are  about  150  ft.  (45  m.)  apart,  and  while  they  appear  to  be  distinct 
orebodies  may  later  prove  to  be  connected.  The  character  of  the  ore, 
the  general  associations  of  the  porphyries  adjoining  the  orebodies,  and 
other  characteristics,  both  in  the  ore  and  general  environment,  are  very 
similar.  The  small  orebody  was  the  first  to  be  discovered  and  was  mined 
for  some  time  before  the  Bonanza  was  found. 

At  first,  a  large  amount  of  ore  was  extracted  by  means  of  development 
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work,  but  as  the  smelters  treating  this  class  of  ore  were  located  from  60 
to  400  mi.  (96  to  643  km.)  away,  only  the  highest  grade  yielded  a  fair  pro- 
fit and  it  became  necessary  to  do  selective  mining.  The  main  workings 
of  the  mine  were  on  the  1300-ft.  (396-m.)  and  1400-ft.  (426-m.)  levels. 
Square-set  stopes  werp  located  on  these  levels  in  the  high-grade  ore  in 
approximately  the  center  of  the  orebodies;  and  at  this  time  only  the  very 
richest  ore  (averaging  20  to  50  per  cent,  carload  lots)  was  taken.  This 
ore  was  hoisted  up  the  Edith  shaft,  transported  over  the  aerial  tramway 
to  loading  bins  on  the  Verde  Tunnel  &  Smelter  Railway,  where  it  was 
loaded  into  cars  and  shipped  to  the  smelters.  During  the  2}^  years  it  was 
necessary  to  continue  selective  mining,  the  company's  smelter  in  the  Verde 
Valley,  some  5  mi.  away,  was  being  designed  and  constructed;  a  new 
main  hoisting  shaft  was  put  down  and  concreted;  and  a  haulage  tunnel 
driven,  connecting  directly  with  the  company's  raiboad  to  the  smelter. 
The  average  monthly  production  during  this  period  was  about  4,000,000 
lb.  (1,814,360  kg.)  copper. 

On  July  18,  1918,  the  blast  furnace  was  put  in  operation  and  the 
reverberatory  was  completed  on  Oct.  2.  Owing  to  the  difficulty  ex- 
perienced in  obtaining  cars,  all  ore  shipments  to  distant  smelters  were 
discontinued  when  the  first  unit  was  put  in  operation,  so  that  the  monthly 
production  dropped  somewhat,  due  to  the  temporary  limited  capacity 
of  the  smelter.  Now  that  both  units  are  completed,  it  is  expected,  un- 
less labor  difficulties  interfere,  that  normal  production  will  be  continued. 

Prior  to  the  blowing  in  of  the  smelter,  a  definite  plan  was  carefully 
worked  out  for  mining  according  to  a  regular  system,  and  for  stoping 
the  ore  as  it  exists  in  place,  without  regard  to  grade,  but  with  emphasis 
on  complete  recovery  as  far  as  possible,  on  account  of  the  general  high 
copper  content,  and  with  special  reference  to  fire  protection.  No  plan 
for  stoping  an  orebody  is  complete  which  does  not  include  provision 
for  adequate  ventilation  in  all  the  working  places  nor  protection  from 
fire  from  either  natural  or  artificial  causes.  Therefore,  in  planning  a 
stoping  method  for  the  average  grade  of  ore  and  to  open  up  sufficient 
stopes  to  furnish  a  daily  tonnage  that  would  ultimately  amount  to  the 
capacity  of  the  smelter,  selective  mining  had  to  be  abandoned  and  a 
number  of  considerations  taken  into  account. 

Considerations  Influencing  Choice  op  Mining  Methods 

It  was  of  prime  importance  that  the  method  selected  rank  high 
among  the  most  approved  safety-first  methods.  The  character  of  the 
ore  made  it  necessary  that  the  stoping  method  permit  of  maximum 
ventilation  in  order  to  provide  satisfactory  working  conditions.  It 
was  important  that  the  efficiency  be  unimpaired  when  changing  from 
selective  mining  to  a  system  for  mining  the  average  grade  of  ore.    The 
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ore  contains  approximately  25  per  cent,  sulfur;  therefore  there  is  extreme 
danger  from  fire.  One  fire  has  occurred  in  the  small  orebody,  due  to 
friction  caused  by  caving  ore  and  pyrite.  The  mining  method  should 
not  leave  pillars,  as  these  are  likely  to  be  crushed  and  generate  heat. 
The  ore  is  very  rich,  so  that  a  high  extraction  was  necessary;  consequently, 
a  low  mining  cost  per  ton  was  of  secondary  importance.  Small  bodies 
of  high-grade  silver  ore  occur  in  the  capping,  which  it  is  most  desirable  to 
recover.  Intermediate  drifts  from  the  stopes  into  the  walls  have  en- 
countered scattered  bodies  of  rich  copper  ore,  containing  a  high  percentage 
of  sulfur;  provision  had  to  be  made  for  the  recovery  of  this  ore.  The 
ore  is  very  heavy;  the  accepted  figure  for  ore  in  place  is  approximately 
9  Tni.  ft.  (0.25  cu.  m.)  per  ton.  It  has  the  same  cleavage  as  the  schist  it 
replaced;  it  has  therefore  many  seams  and  caves  readily  when  not 
supported,  especially  at  the  junction  of  th^  ore  and  capping,  60  ft.  (18  m.) 
above  the  1300-ft.  level,  where  the  ore  simply  falls,  leaving  the  capping 
suspended. 

Owing  to  the  unusual  size  and  shape  of  the  Bonanza  orebody,  methods 
containing  stopes  extending  vertically  rather  than  horizontally  could  be 
used  to  advantage.  In  some  places  the  capping  is  quite  soft  and  would 
cave  if  not  supported.  Practically  the  whole  capping  above  the  Bonanza 
is  a  mass  of  silica.  As  siliceous  material  is  necessary  for  smelting  pur- 
poses, certain  silica  stopes  must  be  operated  from  time  to  time.  The 
walls  surrounding  the  orebodies  are,  in  many  places,  composed  of  altered 
quartz  porphyry,  which  is  very  soft,  and,  as  a  consequence,  the  stopes 
near  them  were  very  heavy. 

Mining  Methods  Suggbsted 

Caving  System 

The  ordinary  block  caving  systems  were  at  once  ruled  out,  for  while 
the  cost  of  mining  is  low,  the  great  friction  that  results  from  caving  an 
orebody  containing  a  high  percentage  of  sulfur  invariably  results  in  a  mine 
fire;  the  stopes  would  also  be  so  hot  as  to  be  unworkable.  A  large  pro- 
portion of  the  ore  would  become  diluted  with  waste,  while  some  of  it 
would  actually  be  lost.  The  small  bodies  of  silver  ore  in  the  capping 
would  suffer  considerable  dilution  and  probably  be  lost.  The  scattered 
bodies  of  copper  ore  occurring  in  the  walls  surrounding  the  orebody 
would  cave  with  the  capping,  as  the  walls  in  places  are  decomposed  quartz 
porph3rry,  which  is  very  soft  and  would  readily  follow  a  general  cave. 

Shrinkage  Method 

In  drawing  off  a  stope  of  this  character,  the  ore  would  become  very 
hot;  this  is  shown  by  the  heat  generated  when  a  chute  full  of  ore  is 
emptied.    The  grieatest  difficulty  would  be  experienced  in  drawing  the 
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pillars,  as  these  would  generate  sufficient  heat  to  cause  fire.  The  ore 
drops  off  in  large  blocks,  which  would  make  it  extremely  dangerous  for 
miners  to  attempt  drilling  in  shrinkage  stopes.  No  stope,  from  which 
a  permanent  supply  of  silica  might  be  obtained,  could  be  located  in  the 
capping,  as  this  would  all  be  caved  within  a  short  time. 

Top-slice  Methods 

Neither  horizontal  nor  incline  top-slicing  were  considered  applicable 
to  either  the  small  or  large  orebody,  for  the  following  reasons: 

1.  Fire  from  natural  causes.  Small  bodies  of  pyrite  have  been  located 
above  the  Bonanza,  and  there  is  a  possibility  of  other  bodies  of  pyrite 
existing  around  the  edges  of  this  ore.  Bodies  of  high-grade  copper  with 
high  sulfur  content  have  also  been  found  around  its  sides.  If,  therefore, 
the  capping  and  the  walls  around  the  orebody,  which  are  very  soft,  cave, 
some  of  the  pyrite  and  high-sulfur  ore  will  come  in  contact  with  the  tim- 
bered mat,  and  ultimately  result  in  a  mine  fire. 

Bodies  of  pyrite  in  the  soft  hanging  wall  of  the  small  orebody  would 
cave  upon  |the  timbered  mat  if  top-slicing  were  used.  In  the  early  part 
of  1917,  a  cave  occurred  in  this  orebody,  causing  considerable  friction 
and  heating  the  ore  until  the  sulfur  took  fire.  The  entire  stope  had  to 
be  put  under  pressure  before  mining  operations  could  be  resumed. 

2.  Fire  from  incendiarism.  Top-shcing  lends  itself  more  readily  to 
this  danger  than  any  other  method  of  mining.  Numerous  fires  in  top- 
sUce  stopes  in  this  State  during  the  past  2  yr.  have  originated  from  this 
cause.  These  mine  fires  are  very  dangerous,  expensive,  and  difficult  to 
get  under  control.  They  cannot  be  sealed  off  from  the  rest  of  the  mine, 
as  the  ground  above  is  caved  and  gases  may  pass  through  these  caves 
into  the  live  workings.  These  fijres  are  hard  to  handle  and  generally  re- 
quire a  temporary  shutdown  of  that  particular  orebody.  During  the 
past  year,  a  large  orebody  mined  by  this  method  was  closed  for  5  mo. 
because  of  an  incendiary  fire. ' 

3.  In  every  top-slice  stope,  a  small  percentage  of  ore  is  lost  in  the  mat. 
As  the  mat  becomes  thicker  and  the  weight  from  above  increases,  this  ore, 
which  is  held  in  the  timbered  mat  under  great  pressure,  will  generate 
heat  because  of  its  high  percentage  of  sulfur  and  will  develop  into  a  mine 
fire. 

4.  In  case  of  fire  in  the  timbered  mat,  it  would  be  necessary  to  drive 
drifts  and  raises  above  the  mat  in  order  to  turn  water  on  the  fire.  This 
would  be  extremely  dangerous,  as  it  would  require  spiling  through  caved 
ground,  with  the  probability  of  having  the  working  drifts  closed  by  move- 
ments in  the  extensive  cave. 

5.  In  the  majority  of  cases,  in  top-slicing  high-grade  copper  ore  in 
deep  mines  in  Arizona,  where  there  is  at  least  1000  ft.  (304  m.)  of  overbur- 
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den,  an  excessive  amount  of  timber  must  be  used  in  order  to  make  the 
recovery  of  ore  as  great  as  possible.  This  adds  considerably  to  the 
mining  cost. 

6.  Where  top^licing  is  used  in  deep  mines  in  the  Southwest,  the  over- 
burden, as  a  rule,  does  not  follow  readily.  Consequently,  after  the  top- 
slice  has  been  carried  down  several  floors  and  a  large  area  opened  up, 
huge  boulders,  perhaps  hundreds  of  tons  in  weight,  are  likely  to  drop  from 
the  back  and  close  up  the  top-slice.  In  one  mine  containing  a  stope 
of  this  character,  1200  ft.  (365  m.)  underground,  the  crash  came  imexpect- 
edly  and  closed  up  the  sUce.  Providentially,  this  occurred  on  change  day 
when  the  mine  was  idle. 

7.  Top-slices  in  deep  mines  are  more  difficult  to  ventilate  than  other 
stopes,  because  there  is  no  connection  from  the  stoping  level  to  the  level 
above,  whereas  when  they  are  located  near  the  surface  the  ground  is 
so  thoroughly  broken  that  the  warm  air  from  the  slice  can  escape  through 
the  capping. 

8.  Top-slicing  is  not  as  flexible  a  method  as  square-setting,  as  it  does 
not  permit  the  mining  of  disconnected  stopes  in  different  parts  of  the  ore- 
body  in  order  to  obtain  the  necessary  daUy  quantities  of  proper  fluxing 
material  for  the  smelter,  such  as  iron,  silica,  etc.  In  top-slicing,  mining 
would  necessarily  be  commenced  on  parallel  horizons  at  the  top  of  the  ore- 
body  and  the  secondary,  or  high-grade,  ore  would  be  exhausted  before 
the  primary,  or  low-grade,  ore  could  be  stoped.  Under  these  circum- 
stances, a  constant  production  could  not  be  maintained  throughout  the 
life  of  the  mine.  * 

Cut-and-fiU  Method 

Examples  of  caves  in  large  square-set  stopes  in  this  mine  have  shown 
that  the  ore  does  not  support  itself  as  it  would  have  to  do  in  a  cut-and-fill 
stope.  Furthermore,  even  if  cut-and-fill  stopes  could  be  carried  up  on 
the  1400-ft.  (426  m.)  level,  they  would  have  to  be  carried  up  under  old 
square-set  stopes  that  are  filled  with  waste  and  would  later  have  to  be 
changed  over  to  square-setting.  In  every  instance,  it  has  been  found  dif- 
ficult to  make  the  connection  at  the  1300-ft.  level  on  account  of  the  heavy 
overburden.  Therefore,  if  cut-and-fill  stopes  should  be  put  in  they 
would  have  to  be  taken  up  extremely  narrow,  lagging  put  in  very  close, 
and  preferably  double-lagged  on  the  sides  to  prevent  loss  of  ore.  Lagging 
would  also  have  to  be  put  in  the  back,  which  is  not  practical  in  a  cut- 
and-fill  stope  and,  eventually,  these  would  have  to  be  changed  over  to 
square  sets,  in  order  to  make  connection  with  the  filled  stopes  on  the  1300- 
ft-  level.  Under  these  circumstances,  the  amount  of  timber  required 
in  the  extremely  small  and  narrow  cut-and  fill  stopes,  with  cribs  to  sup- 
port the  back,  would  be  equal  to  that  used  in  square-setting. 
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Sqiuire^etting 

The  first  method  employed  was. the  square  set.  In  the  beginning, 
before  much  was  known  regarding  the  nature  of  the  ore,  these  stopes 
were  taken  up  large  and  some  caves  resulted.  Experimentation  showed 
that  a  better  way  was  by  narrow  sections  of  square-set  stopes,  about  two 
sets  in  width  and  taken  any  convenient  length.  This  proved  entirely 
satisfactory  as  regards  mining  and  costs,  the  only  objection  that  might 
be  raised  being  that  a  direct  timber  connection  would  exist  between  all 
the  old  and  new  square-set  stopes.  Should  fire  occur  in  any  part  of  the 
large  orebody,  it  might  spread  to  the  old  and  new  square-set  sections. 

MitcheU  Sloping  Method 

In  order  to  eliminate  the  foregoing  objection  and  to  introduce  a 
more  fire-proof  method  of  mining,  in  the  early  part  of  1917,  the  writer 
recommended  the  use  of  the  Mitchell  stoping  method.  One  of  these 
stopes  was  immediately  started  on  the  1300-ft.  level,  which  proved  very 
successful  from  a  mining  point  of  view  and  also  from  the  standpoint 
of  costs,  as  the  expense  was  even  less  than  that  of  square-setting.  It 
was  also  very  satisfactory  as  regards  fire  protection,  inasmuch  as  in 
mining  by  this  system  large  barriers  of  waste,  which  act  as  fire  breaks, 
were  left  between  the  square-set  sections. 

In  some  camps  this  mining  method  is  known  as  the  "  Mitchell  slice. " 
Under  this  name,  however,  it  has  frequently  been  confused  with  top- 
slicing,  which  is  a  caving  method,  whereas  the  Mitchell  system  is  really 
a  combination  of  square-setting,  mining  pillars,  and  filling  with  waste, 
thus  keeping  the  overburden  intact.  Therefore,  in  order  to  avoid  any 
misunderstanding,  it  is  referred  to  in  this  paper  as  the  "Mitchell  stoping 
method." 

Square-set  and  Pillar  Method 

It  was  suggested  to  mine  the  oriebody  by  this  method,  which  consists 
of  alternate  rows  of  square  sets  and  pillars  through  the  entire  orebody, 
the  rows  of  square  sets  to  be  from  three  to  ten  sets  wide,  according  to  the 
weight  of  the  ground,  and  the  pillars  between  the  rows  123-^  ft.  (3.8  m.) 
in  width. 

After  the  square-set  stopes  were  carried  up,  the  pillars  were  to  be 
mined  by  the  overhand  stoping  method,  beginning  on  the  level  and  mining 
upward.  When  the  pillar  stope  had  advanced  two  sets,  the  stringers 
beneath  were  to  be  reclaimed  as  waste  filling  was  turned  in,  this  pro- 
cedure to  be  followed  until  the  stope  was  carried  up  to  the  floor  above. 
The  -supposition  was  that  a  stope  of  this  character  would  hold  heavier 
ground  than  the  Mitchell  (although  not  quite  so  heavy  as  that  supported 
by  a  square  set),  thus  acting  as  an  intermediate  stoping  method  between 
the  Mitchell  and  square-set  systems. 
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The  objection  to  this  method  was  that  work  would  be  started  on  the 
1400-ft.  (426-m.)  level,  beneath  a  pillar  of  ore  two  sets  in  width  by  ten 
sets  long  by  100  ft.  (30  m.)  high,  which,  aside  from  the  weight  of  the  cap- 
ping, had  60  ft.  (18  m.)  of  gob  above  it  on  the  1300-f t.  (396  m.)  level. 
It  would  be  necessary,  therefore,  for  the*  timbers  in  this  stope  (which 
would  be  started  on  the  1400-ft.  level)  to  support  this  total  weight. 
A  pillar  of  ore  two  sets  by  ten  sets  by  100  ft.  high  weighs  approximately 
6722  tons.  The  weight  of  60  ft.  of  gob  on  top  of  this  ore  is  in  the  neighbor- 
hood of  2016  tons,  making  a  total  weight  of  8738  tons  (aside  from  the 
capping),  which  would  have  to  be  supported  when  work  was  commenced 
on  the  1400-ft.  level. 

In  using  the  Mitchell  system,  the  timbering  immediately  below  the 
1300-ft.  level  had  to  support  only  a  weight  of  2016  tons,  which  is  a  little 
less  than  one-quarter  of  the  weight  to  be  sustained  by  the  timbers  when 
using  the  other  method.  This  2016  tons  (in  addition  to  the  capping)  was 
the  entire  weight  to  be  supported  until  the  pillar  was  taken  down  50  ft. 
(15  m.),  when  the  timbering  was  again  thoroughly  braced  before  waste 
filling  was  turned  in;  and  while  this  filling  naturally  added  to  the  weight, 
it  was  gob,  rather  than  ore  in  place.  Aside  from  this  objection,  ore  could 
be  mined  by  the  Mitchell  stoping  method  a  great  deal  faster  and  at  a 
lower  cost  than  by  this  overhand  modification. 

Underhand  Stoping  Method 

This  system  was  used  in  the  small  orebody  to  mine  out  caved  ore, 
also  in  places  in  the  large  orebody,  where  the  ground  showed  signs  of 
caving.  It  is  used  only  in  exceptional  cases,  but  has  proved  very  suc- 
cessful in  all  places  where  the  ore  is  badly  broken. 

General  Stoping  Plan 

After  a  consideration  of  the  various  systems,  the  following  stoping 
methods  were  adopted:  Overhand  square-set  method,  for  very  heavy 
ground,  approximately  60  per  cent.;  Mitchell  stoping  method,  wherever 
weight  of  ground  will  permit,  approximately  50  per  cent.  In  exceptional 
cases,  caved  and  badly  broken  ground  will  be  mined  out  by  the 
underhand  square-set  method.  The  principal  stopes  and  workings  of 
both  orebodies  are  located  on  the  1300-ft.  and  1400-ft.  levels.  Mining 
operations  have  not  as  yet  been  extended  to  the  lower  levels.  The  small 
orebody  will  be  mined  by  the  overhand  square-set  method,  carrying 
up  sections  only  two  to  three  sets  in  width. 

Bonanza,  or  Large  Orebody 

The  principle  followed  on  both  levels  is  that  the  old  filled  square-set 
stopes  are  taken  as  the  center  of  a  circle  and  the  newer  stopes  proceed 
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from  the  mined  area  toward  the  circumference.  On  the  1300-ft.  level, 
the  Mitchell  stopes  will  be  used  immediately  surrounding  the  old  stoped 
area  while  square-set  stopes  will  be  used  in  very  heavy  ground,  or  where 
the  walls  of  the  orebody  are  not  self-sustaining.  On  the  1400-ft.  level, 
narrow  square-set  sections,  two  sets  in  width,  will  principally  be  used, 
the  weight  of  the  ground  being  too  heavy  to  permit  of  the  Mitchell  system 


Flooring 
1300  Level 


Brace 


Stringer 


1400 


Fig.  1. — Two  bows  of  bquabe  sets  with  pillab  of  obe  between. 

« 

being  used  extensively.  However,  in  exceptional  places  this  system  will 
be  used.  In  broken  ground,  where  a  great  weight  must  be  sustained, 
the  underhand  square-set  system  will  be  used. 

The  stoping  on  the  1300-ft.  level  is  always  to  be  kept  ahead  of  that  on 
the  1400-ft.  level  so  that  the  stopes  on  the  1300-ft.  are  finished  before 
those  on  the  1400-ft.  are  brought  up  to  this  level.  The  sills  are  to  be  left 
in  on  both  the  .1300-ft.  and  1400-ft.  levels  in  order  to  keep  down  the  repair 
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cost  and  so  that  drifta  may  be  kept  open  for  waste  filling  in  the  stopes 
beneath.  A  waste  raise  has  already  been  put  through  to  the  surface  and 
a  large  pit  started  to  supplement  the  waste  filUng  obtained  from  ordinary 
development  work  in  the  mine. 

0  Level 


Slope  is 

roduclng 


1400  Laval 
FiQ.  2. — MvTHOD  or  dbino  aqiTAitK  bbts. 

The  Mitchell  stopes  consist  of  parallel  leads  of  square  sets,  one  set  in 
width,  separated  by  solid  pillars  of  ore  II  ft.  to  16  ft.  (3.4  m.  to  4.8  m.) 
(two  to  three  sets)  thick.  These  narrow  sections  of  square  sets  are  car- 
ried up  to  the  capping  and  contain  chutes  every  second  or  third  set, 
through  which  the  ore  from  the  square  sets,  and  later  from  the  pillars 
between,  will  be  taken  out.  The  pillars  of  ore  are  left  intact  until  the 
leads  of  square  seta  on  either  side  have  been  mined  out,  and,  with  the 


18  MININQ  METHODS   OF  UNITED  VERDE  EXTENSION  MINING  CO, 

exception  of  the  chutes,  filled  with  waste.  The  pillars  are  then  tnioed 
out.  Timbers  with  angle  braces  are  put  in  at  the  top  of  the  pillar  to 
hold  the  capping  and  mining  is  commenced  at  the  top,  using  Jackhamers. 
After  the  ore  in  the  pillar  is  removed,  and  as  the  waste  fiUing  is  being 
turned  in  from  above,  tugger  hoists  are  used  to  reclaim  the  long  stringers, 


which  can  be  used  again.  When  the  stope  is  completed,  a  barrier  of 
waste,  containing  no  timber  (other  than  the  floor),  will  exist  between 
the  leads  of  square  sets  originally  put  in  and  serve  as  a  fire  break. 

Mitchell  stopes  will  also  be  started  on  the  1400-ft.  level,  directly 
under  stopes  on  the  I300-ft.  level  which  have  previously  been  mined  by 
this  system,  in  order  to  carry  continuous  barriers  of  waste  from  one  level 
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to  the  next.  These  stopes  will  necessarily  be  heavier  than  those  above 
the  1300-ft.  level  as  the  overburden  consists  of  60  ft.  of  waste  filling, 
in  addition  to  the  weight  of  the  capping.  In  order,  therefore,  to  hold 
the  weight,  they  will  be  carried  up  as  shown  in  Fig.  1,  which  illustrates 
a  section  consisting  of  two  rows  of  square  sets  with  an  11-ft.  (3.4  m.) 
(two  sets  wide)  pillar  between.  After  the  pillar  has  been  taken  down 
approximately  50  ft.  (15  m.),  a  floor  will  be  laid,  the  space  filled  with 
waste,  and  the  timbers  reclaimed;  then  the  remainder  of  the  pillar  will 
be  taken  down  and  the  rest  of  the  timbers  reclaimed  as  the  waste  is 
poured  in. 

Where  square-setting  is  used,  the  stopes  will  be  carried  two  to  three 
sets  in  width  and  about  five  to  ten  sets  in  length.  Sufficient  chutes 
will  be  put  in,  and  in  certain  cases,  sUdes  built  to  these  chutes,  to  elimi- 
nate mucking  as  far  as  possible  (see  Fig.  2).  AU  the  square-set  stopes 
in  extremely  heavy  ground  will  be  two  sets  in  width  and  taken  any  con- 
venient length,  as  shown  in  Fig.  3.  These  small  square-set  stopes,  even 
though  they  are  only  two  sets  in  width  and  from  five  to  ten  sets  in  length, 
are  taken  up  at  least  50  ft.  before  the  adjacent  section  is  started,  in  order 
to  prevent  the  ore  from  breaking  in  large  blocks  and  causing  side  weight 
against  the  newer  stopes. 

The  main  raise  is  first  driven  through  from  one  level  to  another.  This 
contains  standard  manway,  chute,  and  timber  compartment.  After 
that,  chutes,  or  raises,  are  carried  up  as  the  stope  progresses.  With 
shdes,  waste  filling  may  be  turned  into  one-half  of  the  stope  while  the 
other  half  is  producing.  Later,  the  work  is  reversed,  and  this  process  is 
followed  continuously  until  the  level  above  is  reached,  each  half  of  the 
stope  alternately  producing  and  being  filled  with  w&ste. 

Ventilation 

There  are  three  shafts  on  the  property.  Little  Daisy,  Edith,  and 
Audrey,  and  two  raises  to  the  surface,  one  for  ventilation  and  the  other  for 
waste.  The  Audrey,  when  completed,  will  be  the  main  hoisting  shaft;  the 
Edith,  the  supply  shaft;  while  the  Little  Daisy  is  used  entirely  for  ventila- 
tion. One  suction  fan,  having  an  air  capacity  of  40,000  cu.  ft.  (1120 
cu.  m.)  per  min.  is  located  at  the  top  of  the  Little  Daisy  shaft,  and  a 
second,  having  a  capacity  of  135,000  cu.  ft.  (3780  cu.  m.),  will  be  installed 
at  the  top  of  the  air  raise,  which  will  become  the  main  air-shaft.  A 
connection  will  be  made  from  the  long  tunnel  directly  to  the  large  ore- 
body  on  the  1300-ft.  level.  A  raise  will  be  driven  from  the  1400-ft.  level, 
connecting  at  this  point,  so  as  to  force  all  the  fresh  air  entering  the  large 
tunnel  down  to  the  lower  workings.  Doors  have  been  put  in  at  the 
different  shaft  stations  on  the  800-ft.,  1100-ft.,  and  1200-ft.  levels  in 
order  to  force  all  the  air  to  pass  through  the  different  stopes. 


20  MINING  METHODS  OF  UNITED  VERDE  EXTENSION  MINING  GO. 

Measures  will  also  be  taken  for  the  proper  coursing  of  the  air  through 
the  Bonanza  orebody,  where  it  is  most  needed.  Gangways,  immediately 
beneath  the  capping  and  connecting  old  raises,  have  been  preserved  by 
building  walls  of  waste  rock.  These  are  maintained  solely  for  ventila- 
tion purposes  and  will  remain  open  for  some  time  in  order  to  afford  a 
means  of  escape  for  the  heated  air  from  the  old  square-set  sections. 

While  at  present  the  temperature,  humidity,  and  velocity  of  the 
air  in  the  different  working  places  fall  somewhat  below  the  require- 
ments for  a  good  working  atmosphere,  when  the  necessary  develop- 
ment work  is  completed,  standard  raises  built,  and  the  large  mine  fan 
installed  on  the  surface,  the  volume  of  air  passing  through  the  workings 
will  amount  to  at  least  400  cu.  ft.  (11.3  cu.  m.)  of  air  per  man  per  minute 
and  the  United  Verde  Extension  will  be  one  of  the  best  ventilated  mines 
in  the  Southwest. 

Fire  Protection 

A  spraying  system  has  been  installed  in  the  Edith  shaft.  In  case 
of  fire  in  this  shaft,  the  fire-doors  on  the  1300-ft.  and  1400-ft.  stations 
will  be  closed  immediately  by  means  of  compressed  air  and  the  sprays, 
which  are  controlled  from  the  surface,  put  in  operation.  The  doors  on 
the  800-ft.,  1100-ft.,  and  1200-ft.  levels  are  ventilating  doors  and  always 
kept  closed.  The  mine  fans  would  also  be  closed  down  at  once,  but 
not  under  any  other  circumstances. 

The  Little  Daisy  shaft,  which  is  used  entirely  for  ventilation,  has  a 
concrete  connection  from  the  fan  to  a  depth  of  one  set  below  the  collar. 
From  there  down  it  is  naturally  so  wet  as  to  make  the  installation  of  a 
fire  protection  system  unnecessary.  The  new  Audrey  shaft  is  fire- 
proofed  by  means  of  concreting.  The  barriers  of  waste  left  by  the 
Mitchell  stoping  method  will  serve  as  fire-breaks  in  that  part  of  the 
Bonanza  orebody  in  which  this  system  is  used. 

A  number  of  electric  blowers,  and  a  sufi^cient  supply  of  bulkheading 
material  and  fire-fighting  equipment,  are  kept  on  hand  so  that  the  fire 
area  can  immediately  be  put  imder  pressure  and  steps  taken  to  ex- 
tinguish the  fire.  Should  these  measures  fail,  the  general  procedure 
will  then  be  similar  to  that  followed  in  mining  out  the  fire  area  in  the 
small  orebody,  from  which,  for  IJ^  yr.,  ore  that  was  actually  on  fire  was 
mined  successfully  under  pressure  without  interfering  with  the  produc- 
tion or  the  daily  mining  operations  of  the  rest  of  the  mine.  During 
this  time  not  a  single  serious  injury  was  reported. 

Haulage 

A  series  of  parallel  drifts  50  ft.  apart  traverse  the  entire  orebody  on 
the  1400-ft.  level,  which  is  the  main  haulage  level,  and  connect  into  a 
large  motor  haulage  drift,  which  extends  to  the  Audrey,  or  main  hoist- 
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ing  shaft.    The  slopes  are  located  at  right  angles  to  these  parallel  drifts 
in  order  to  facilitate  the  handling  of  ore.    . 

The  raises  between  the  1300-ft.  and  1400-ft.  levels  will  be  used  as 
storage  chutes  for  all  ore  above  the  1300-ft.  level.  All  ore  above  the 
1400-ft.  level  will  be  drawn  out  in  motor  cars  on  the  main  haulage  level, 
taken  to  the  Audrey  shaft,  and  dumped  into  ore  pockets.  In  the  course 
of  time,  when  the  1500-ft.  and  1600-ft.  levels  are  developed,  the  1600-ft. 
will  be  the  next  main  haulage  level. 

At  present,  the  ore  is  being  hoisted  in  skips  to  surface  and  trans- 
ported over  the  aerial  tramway,  but  when  the  large  haulage  tunnel  on 
the  1300-ft.  level  (now  being  driven)  is  completed,  the  ore  will  be  hoisted 
to  the  1100-ft.  and  dumped  into  pockets,  whence  it  will  be  drawn  out 
on  the  1300-ft.  level  into  standard-gage  railroad  cars  and  taken  direct 
to  the  smelter. 

Conclusions 

The   general   sloping   plan  just    outlined    presents  the  following 
advantages: 

Safety. — Stopes  will  be  carried  small  and  the  process  of  filling  with 
waste  will  keep  pace  with  the  stoping  in  order  to  avoid  a  possible  cave. 
Ventilation. — Gangways,  inmiediately  under  the  camming,  will  per- 
mit the  escape  of  heated  air  from  the  old  filled  stopes.  Sufficient  raises, 
coDtaining  standard  manways  and  timber  compartments,  will  be  carried 
up  in  all  working  stopes  to  furnish  an  adequate  supply  of  fresh  air  in 
each  working  place.  All  the  air  entering  the  mine  will  be  coursed 
through  the  stopes. 

Fire  Protection. — Adequate  means  of  fire  protection  has  been  pro- 
vided for  all  shafts.  In  the  Mitchell  stopes,  barriers  of  waste  separate 
the  square-set  sections;  these  are  absolutely  necessary  in  order  to  localize 
a  fire  area  in  the  event  of  an  outbreak.  Equipment  for  an  auxiliary 
ventilating  system  will  always  be  kept  on  hand  in  order  that  any  section 
of  the  orebody  may  be  operated  under  pressure  in  case  of  necessity. 

Efficiency  and  Economy. — As  all  stopes  must  be  filled  with  waste,  a 
large  waste  pit  on  the  surface  is  available,  from  which  a  supply  may  be 
obtained  at  any  time.  Mucking  will  be  largely  eliminated  by  the 
use  of  extra  raises,  slides,  etc. 

In  the  Mitchell  stopes,  considerable  timber  will  be  saved  by  reclaiming 
the  stringers  when  the  stopes  are  filled.  The  ore  will  also  be  extracted 
from  the  pillars  more  rapidly  and  at  a  lower  cost  than  with  ordinary 
square-setting. 

A  large  number  of  stopes  will  always  be  available  from  which  the 
smelter  may  be  furnished  with  a  continuous  supply  of  ore  containing  the 
necessary  chemical  contents.  By  leaving  the  sills  intact,  drifts  can  be 
maintained  without  an  excessive  expenditure  for  repairs.    Where  these 
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have  been  removed,  the  drifts  are  very  heavy  and  are.  kept  open  with 
great  difficulty. 

As  all  the  ore  above  the  1400-ft.  level  will  be  dumped  direct  into 
the  regular  ore  chutes  between  the  1300-ft.  and  1400-ft  levels,  and  from 
there  be  drawn  out  into  motor  cars,  it  will  not  be  necessary  to  have  large 
separate  ore  pockets  between  these  levels.  This  general  plan  of  stoping, 
arrangement  of  chutes,  and  motor  drifts,  may  also  be  continued  in  the 
deeper  levels  as  the  work  progresses  downward. 
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Natural-gas  Storage 

BT  L.  8.  TAKTJTY,*  COLTTMBUS,  OHIO 
(New  York  Meeting.  February,  1919) 

The  question  of  natural-gas  supply  is  receiving  careful  considera- 
tion in  many  parts  of  the  country,  ^  in  the  winter  months  it  is  quite  a 
problem  to  have  on  hand  sufficient  gas  to  satisfy  the  demand.  Increas- 
ing the  output  of  wells  by  the  application  of  vacuum  has  been  tried  with 
various  results  and  large  companies  have  attempted  to  keep  up  the  supply 
with  gas  compressors.  The  possibility  of  storing  natural  gas  in  the  sands 
of  exhausted  gas  pools  has  been  tried  in  a  few  instances  with  satisfactory 
results.  This  method  may  prove  of  practical  value  in  solving  the  prob- 
lem, especially  in  the  case  of  towns  that  formerly  obtained  gas  from  their 
immediate  vicinity,  but  now  must  search  for  new  pools. 
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Regulator 
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Fig.  1. 

fin  all  cases,  only  part  of  the  available  supply  is  utilized  during  the 
warm  weather,  so  that  many  wells  are  shut-in,  yet  during  the  winter 
months,  the  supply  is  not  sufficient  even  with  all  the  wells  on  the  line; 
in  such  cases  it  would  be  of  great  value  if  a  large  volume  of  stored  gas 
were  on  hand,  obtained  through  wells  that  would  have  been  standing  idle 
during  the  summer. 

Idle  producing  wells  having  considerable  "rock  pressure"  will  force 
gas  into  the  exhausted,  or  storage  wells,  and  this  gas  will  be  used  only 
when  the  regular  supply  falls  short  (Fig.  1).    If  two  gas  wells  of  different 

*  Geologist,  Ohio  Fuel  Supply  Co. 
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pressures  are  connected,  the  one  having  the  greater  pressure  will  feed  the 
other,  until  the  pressures  are  at  an  equilibrium.  The  same  results  will  be 
obtained  if  an  exhausted  gas  well  is  connected  to  a  high-pressure  g&a  line. 
High-presBure  lines  equipped  with  regulators  near  the  town  plant  have 
considerable  pressure,  so  that  storage  wells  connected  to  such  a  line  will 
receive  gas  from  the  line  as  long  as  the  line  pressure  is  greater  than  the 
well  pressure.     During  a  period  of  heavy  consumption  of  gas,  the  pressure 


Fio.  2. 


OD  the  main  line  is  greatly  reduced,  so  that  gas  from  the  storage  wells 
will  flow  into  the  lines.  An  arrangement  of  this  kind  will  work  automatic- 
ally, the  flow  of  gas  into  or  from  the  storage  wells  depending  on  the  pres- 
sure carried  in  the  line. 

It  is  advisable  in  most  instances  that  the  flow  into  and  from  the  storage 
wells  be  regulated  by  means  of  gates,  instead  of  automatically.  In  addi- 
tion, the  volume  of  gas  should  be  metered  as  it  is  forced  into  or  passes 
from  the  wells;  the  pressure  also  should  be  noted.    By  properly  chart- 
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ing  the  meter  and  pressure  records,  the  characteristics  of  the  individual 
wells  may  be  determined. 

The  geological  conditions  existing  in  the  storage  field,  as  well  as 
in  the  producing  field,  must  be  taken  into  consideration.  Best  results 
are  obtained  where  the  storage  reservoir  is  in  a  shallow  sand  and  the 
producing  horizon  is  deeper,  so  that  the  producing  sand  will  have  a 
higher  pressure.  This  will  have  a  tendency  to  reestablish  the  original 
rock  pressure  in  the  artificial  reservoir.  It  is  unlikely  that  a  rock  pressure 
greater  than  that  which  existed  originally  can  be  obtained.  A  lenticular- 
shaped  sand  body  is  preferable,  as  a  good  control  over  the  entire  reservoir 
is  necessary.  The  location  of  all  wells  that  have  been  drilled  must  be 
known  and  put  in  such  a  condition  that  they  may  be  used;  if  this  is  not 
possible  the  wells  must  be  properly  plugged. 

In  some  instances  the  sand  used  for  storage  may  make  large  quantities 
of  water;  a  difficulty  that  may  be  overcome  by  pumpii^.  Best  results  are 
obtained  by  drilling  a  pocket  below  the  sand  in  which  the  water  may 
accumulate  and  from  which  it  may  be  pumped  through  the  working  bar- 
rel, in  the  same  way  as  it  is  customary  to  pump  oil;  the  storage  and  re- 
covery of  the  gas  being  through  the  casing-head  (Fig.  2). 

This  storage  method  may  be  used  to  advantage  in  many  towns;  for 
instance,  Tiffin,  Ohio,  formerly  the  center  of  a  large  gas-producing  area, 
but  now  dependent  on  outside  sources,  which  in  times  of  great  demand  are 
not  sufficient  for  the  needs  of  the  town.  It  may  be  possible  to  find  nearby 
an  exhausted  gas  pool  in  such  condition  that  this  method  may  be  tried. 
The  system  allows  considerable  latitude  and  may  be  installed  to  suit  the 
requirements  of  the  particular  case. 
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Automatic  Copper  Plating 

BT  JOSEPH  W.  BICHARDS,*  SOUTH  BETHLEHEM,  PA. 
(New  York  Meeting,  February,  1919) 

Plating  iron  with  copper  has  received  great  attention  from  prac- 
tical and  scientific  men,  but,  aside  from  the  deposit  secured  by  immersion 
of  iron  in  copper  salts,  by  electro-plating,  or  by  welding  together  thin 
sheets  of  iron  and  copper,  these  efforts  have  met  with  no  success. 

Failure  of  these  efforts,  in  the  production  of  copper  plating,  has  been 
due  to  the  fact  that  the  conditions  normally  and  necessarily  present  in  the 
plating  operation  are  antagonistic  to  the  production  of  copper-plated  iron. 
In  most,  if  not  quite  all  of  them,  a  bath  of  molten  copper  has  been  used. 
The  temperature  of  a  molten  copper  bath  is  so  high  that  the  iron  becomes 
oxidized  before  it  can  be  immersed  in  the  inolten  copper,  and  unless  a 
protective  flux  for  the  molten  copper  is  used,  the  surface  of  the  copper 
will  become  oxidized,  and,  in  any  event,  the  plated  iron  will  oxidize 
immediately  on  its  being  withdrawn  from  the  molten  bath. 

I  recently  had  the  pleasure  of  visiting  the  works  of  The  Metals  Plating 
Co.  at  Elizabeth,  N.  J.,  where  I  witnessed  the  plating  of  iron  sheets 
with  copper  by  a  new  process.^  The  plating  metal  is  appUed  to  the 
sheet  in  the  form  of  a  liquid  mixture  by  means  of  rolls,  such  as  inking 
rolls.  The  sheet,  after  being  coated  with  the  mixture,  is  automatically 
carried  forward  and  deposited  on  a  link-belt  conveyor,  which  carries 
it  through  a  furnace  maintained  at  a  temperature  well  above  that  of 
molten  copper.  The  basic  principle  involved  in  this  method  Ues  in  the 
application  of  the  plating  metal  to  the  sheet  while  the  sheet  is  cold  and 
then  melting  the  metal  in  place  on  the. sheet  under  conditions  which 
are  favorable  to  the  formation  of  the  plating. 

The  Plating  Mixtube 

The  liquid  plating  mixture  is  composed  of  either  copper  oxide  or 
finely  divided  copper,  or  a  mixture  of  both,  ground  to  the  consistency  of  a 
light  varnish  in  a  crude  oil  having  an  asphaltic  base,  of  a  specific  gravity 
of  from  14**  to  16"^  B6.    The  plating  mixture  which  gives  the  best  results 

•Professor  of  Metallurgy,  Lehigh  University. 

»U.  S.  Patents  1197693,  1197694, 1197695,  Sept.  12, 1916,  to  William  E.  Watkins. 
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consists  of  4  lb.  (1.8  1^.)  of  copper  oxide  ground  together  with  4  lb.  of 
finely  precipitated  copper,  and  made  to  the  consistency  of  a  light  VBmish 
by  grinding  it  in  1  gal.  (3.8  1.)  of  MexicaQ  crude  oil  of  specific  gravity 
of  14°  to  16°  B6.  It  is  found  that  the  asphaltic  base  of  this  oil  has  re- 
ducing power  sufficient  to  reduce  the  the  oxide  of  copper  to  metal,  in  the 
furnace,  and  to  protect  the  precipitated  copper  from  oxidation  during 
the  operation;  also  to  reduce  any  oxide  of  iron  that  may  have  been  on 
the  sheet.    One  gallon  of  oil  can  reduce  5  lb.  of  copper  oxide. 


Fio.  1. — The  aaEET-FKEDiNa  machim  and  coatino  sollb. 

This  mixture  has  also  been  found  to  have  the  proper  viscosity  for  its 
application  to  the  sheet  by  coating  or  inking  rolls,  and  to  hold  it  uni- 
formly on  the  sheet  when  exposed  to  the  furnace  temperature  so  as  to 
produce  a  uniform  deposition  of  strongly  adherent  copper  upon  the  sheet. 
A  number  of  variations  of  this  mixture  have  been  used,  such  as  using 
copper  oxide  only,  mixed  with  powdered  charcoal,  or  using  precipitated 
copper  only  without  any  copper  compound.  Mexican  crude  oil  is  prob- 
ably the  cheapest  liquid  to  use,  suitable  for  this  purpose,  but  other 
liquids  of  similar  properties  have  been  used  with  nearly  equivalent 
results. 
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The  AuTOBfATic  Feedwo  and  Platinq  Machinb 
As  the  boxes  of  sheets  are  placed  on  the  platform  of  the  machine,  it 
is  uecessaiy  to  lift  the  sheets  one  by  one  and  feed  them,  hke  feeding  paper 
to  a  printinz  press.  This  can  be  done  by  hand  but  has  been  accomphshed 
very  satisfactorily  by  an  automatic  sheet-feeding  machine  which  has 
been  woriced  out  by  Mr.  Conran,  the  company's  superintendent.  The 
platform  on  which  the  stack  of  sheets  is  placed  is  raised  continually  so 
that  the  top  sheet  is  always  at  the  same  level.  A  suction  cup  comes  into 
contact  with  the  upper  sheet  and  lifts  it,  while  at  the  same  moment  ajet 
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of  compressed  air  is  introduced  beneath  the  sheet  to  destroy  the  vacuum 
effect,  or  any  other  slight  adherence  between  the  sheets,  thus  freeing  it 
from  the  sheet  beneath.  The  suction  cup  raises  the  rear  end  of  the  sheet 
and  forwards  it  into  engagement  with  the  coating  rolls  to  receive  the 
plating  mixture.  The  sheet  then  travels  forward  and  is  deposited  on 
the  furnace  conveyor,  lateral  fingers  compressing  the  sheet  into  an  arch, 
so  that  it  passes  into  the  furnace  bowed,  in  a  position  and  shape  best 
suited  (or  withstanding  collapse  when  exposed  to  the  heat  existing  in 
the  furnace. 
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Farts  of  the  carrier,  such  as  the  fingers  that  support  the  sheet,  that 
are  exposed  to  the  greatest  heat  of  the  Same,  are  cast  of  nichrome  metal, 
in  order  that  they  may  withstand  the  temperature  and  the  oxidising 
infiuences  of  the  fiame. 

While  being  carried  through  the  furnace,  volatile  constituents  of  the 
paint  upon  the  sheets  distill,  copper  oxide  in.it  is  reduced  to  metal,  and 
the  copper  unites  with  the  iron  to  form  a  continuous  coating.  The 
atmosphere  of  the  furnace  is  kept  reducing  in  order  to  preserve  the  coat- 
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ing  as  far  as  possible  from  oxidation.  The  carrier  delivers  the  sheets  to 
flattening  rolls,  which  pass  them  on  to  another  carrier  operating  at 
lower  temperature,  upon  which  they  cool. 

Articles  of  other  shapes  than  sheets,  such  as  wire  and  tubes,  can  like- 
wise be  copper  plated  on  the  same  principle  and  by  the  use  of  similar 
continuous  automatic  apparatus.  Other  metals  as  well  38  copper,  such 
as  tin,  lead,  and  alloys  of  different  metals,  can  also  be  used  as  the  plating 
metal. 
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Two  Instances  of  Mobility  of  Gold  in  Solid  State 

BY  EDWARD   KELLER,*   PH.    D.,    NEW  YORK,    N.    Y. 
(New  York  Meeting,  February,  1919) 

Gold  Movement  on  Surface  op  Auriferous  Copper  When  Latter 

Is  Subjected  to  Oxidation 

Some  years  ago  the  writer's  attention  was  called  to  the  fact  that  roll- 
mg-mill  scales  from  auriferous  copper  do  not  have  the  gold  content  pro- 
portional to  the  gold  contained  in  the  copper  from  which  they  are  derived.^ 
So,  later,  he  made  a  few  simple  experiments,  which  are  described  herewith. 

In  order  to  test  the  gold  movement  on  the  changing  surface  of  a 
copper  plate  under  the  influence  of  oxidation,  plates  6  in.  by  8  in.  by  1  in. 
(15.2  cm.  by  20.3  cm.  by  2.5  cm.)  of  converter  copper,  refined,  of  99.29 
per  cent,  purity,  and  leaded  copper  with  a  content  of  95.65  per  cent, 
copper,  were  obtained.  Ten  cuts  were  made  through  the  thickness 
of  the  plates  along  the  longitudinal  center  and  the  silver  and  gold  content 
ascertained  in  each  of  the  IQ  samples  in  both  plates,  as  shown  in  the 
accompanying  illustration.  The  assay  results,  recorded  in  Tables  1  and  2, 
show  that  the  gold  distribution  is  relatively  uniform  in  both  plates,  while 
silver  has  greater  variations,  especially  in  the  leaded  plate.  The  plates 
subjected  to  oxidation  were  placed  in  a  red-hot  muffle  for  about  2  hr., 
two  small  scorifiers  being  used  as  supports.  Arranged  alongside  each 
other,  they  nearly  filled  the  width  of  the  muffle,  and  so  were  practically 
under  equal  conditions  of  heat  and  draft.  The  accurate  observance 
of  the  time  was  not  possible,  however,  because  of  other  work,  but  the 
time  of  the  exposure  of  each  plate  in  a  pair  was  identical.  At  the  end 
of  each  period,  each  plate  was  plunged  into  water  and  completely  freed 
of  scale,  which  was  carefully  collected,  dried,  weighed,  and  analyzed. 
Samples  of  the  plates  had  also  been  taken  of  the  molten  metal  and  duly 
analyzed. 

Table  3  contains  the  analytical  data  for  the  two  plates  and  their 
several  sheets,  or  layers,  of  oxide  scales.  These  figures  show  that  in 
the  oxidations  of  the  converter  copper  the  silver  is  fairly  uniform,  while 

*  Metallurgieal  chemist. 

^  H.  A.  Prosser,  private  communication. 
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the  gold  is  highly  irregular  and  especially  low  in  the  first  layer.  In  the 
oxidations  of  the  leaded  copper  plate,  the  silver  and  gold  contents  are 
variable;  however,  this  irregularity  is  due  to  two  different  causes.  The 
fourteen  oxidations  with  the  converter  copper  plate  and  the  five  oxida- 
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Method  bt  which  samplbb  were  taken. 


Table  1. — Converter  Copper  Plate 


Sample 
Number 

Silver  in  Sample. 
Oa.  per  Ton 

Gold  in  Sample, 
Oa.  per  Ton 

Sample 
Number 

Silver  in  Sample, 
Ox.  per  Ton 

Gold  in  Sample. 
Oa.  per  Ton 

1 

77.1 

0.34 

7 

76.6 

0.32 

2 

76.4 

0.34 

8 

76.8 

0.34 

3 

76.1 

0.34 

9 

77.4 

0.34 

4 

76.5 

0,32 

10 

77.3 

0.34 

5 

76.3 

0.34 

Average 

76.48 

0.336 

6 

76.3 

0,34 

Table  2. — Leaded  Copper  Plaie 


Sample 
Number 

Silver  in  Sample, 

Gold  in  Sample. 

Sample 
Number 

Silver  in  Sample, 

Gold  in  Sample, 

Oi.  per  Ton 

Oi.  per  Ton 

Oz.  per  Ton 

Oa.  per  Ton 

1 

81.2 

0.42 

7 

80.7 

0.44 

2 

80.0 

0.42 

8 

81.1 

0.44 

3 

79.9 

0.40 

9 

82.3 

0.44 

4 

80.4 

0.40 

.  10 

86.1 

0.44 

6 

80.6 

0.44 

Average 

81.27 

0.428 

6 

80.6 

0.44 

f 

tions  with  the  leaded  copper  plate  left  a  residual  plate  approximately 
y^  in.  (6.3  mm.)  thick  in  each  case. 

The  figures  given  in  Table  3  do  not  form  a  proper  basis  for  comparison 
nor  do  they  give  the  proper  relation  between  the  precious  metals  in  the 
oxides  and  in  the  copper  plates.    The  simplest  way  to  show  these  rela- 
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Table  3. — Analyses  of  Copper  Plates  and  Layers  of  Oxide  Scales 


Oxidation 

1 

Converter  Copper  Plate 

Leaded  Copper  Plate 

Sample 
NuinW 

Oxide, 
Qnuni 

Copper, 
Per  Cent. 

SUver, 

Os.  per 

Ton 

Gold, 

Oi.  per 

Ton 

Oxide, 
Grams 

Copper, 

Per 

Cent. 

Sliver, 

Os.  per 

Ton 

Gold. 

Oa.  per 

Ton 

1 

410 

B6.93 

68.20 

0.040 

1 

1200 

1 

73.67 

89.30 

0.180 

2 

400 

87.18 

66.74 

0.115 

1110 

78.79 

66.84 

0.245 

3 

550 

87.71 

67.75 

0.125 

1400 

79.38 

56.00 

0.295 

4 

340 

87.52 

66.74 

0.305 

1040 

79.32 

60.28 

0.215 

5 

390 

87.83 

65.94 

0.110 

800 

78.91 

54.52 

^    0.230 

6 

580 

88.01 

64.65 

0.230 

7 

350 

87.79 

65.75 

0.230 

S 

435 

87.96 

64.76 

0.215 

- 

9 

455 

88.09 

65.76 

0.340 

10   . 

420 

87.77 

66.01 

0.415 

11 

455 

87.95 

67.32 

0.260 

12 

395 

87.60 

65.31 

0.300 

13 

390 

88.03 

65  14 

0.265 

14 

375 

88.00 

64.90 

0.285 

Plate... 

•  ■  •  • 

99  29 

76.30 

0.315 

•  •  •  • 

96.65 

81.00 

0.410 

Table  4. — Data  in  Table  3  Converted  to  Basis  of  Cu  -  100 


Oxidation 

Converter  Copper  Plate 

Leaded  Copper  Plate 

Sample 
Number 

Copper  ID 

Oxide, 

Grams 

Copper, 
Per  Cent. 

100 

Silver. 

Ox.  per 

Ton 

78.45 

Gold, 

Ox.  per 

Ton 

Copper  In 
Onde. 
Grams 

C^per. 
Cent. 

Silver, 

Os.  per 

Ton 

Gold, 

Os.  per 

Ton 

1 

365.4 

0.046 

884.0 

100 

121   22 

0  244 

2 

348.7 

100 

76  55 

0   132 

874.6 

100 

84.83 

0  311 

3 

482.4 

100 

77.26 

0.143 

1111  3 

100 

70  55 

0  372 

4 

297.6 

100 

76  26 

0.348 

824  9 

100 

76.00 

0  271 

5 

342.5 

100 

75.08 

0.125 

631.3 

100 

69.09 

0.291 

6 

510.6 

100 

73.46 

0  261 

7 

307.3 

100 

74.89 

0.262 

8      * 

382.6 

100 

73  63 

0.244 

9 

400.8 

100 

74.65 

0  386- 

10 

368.6 

100 

75.21 

0.473 

11 

400.2 

100 

76.54 

0.296 

12 

346.0 

100 

74.55 

0.342 

13 

343.3 

100 

74.00 

0  301 

14 

330.0 

100 

73.75 

0  324 

Average 

373.8 

•    •    ■ 

75.30 

0.2605 

865.1 

•    •    • 

84.62 

0.3024 

Total. . . 

5225.9 

•    ■    • 

4326.1 

Plate... 

100 

76.85 

0,317 

100 

84.68 

0.428 

tions  is  to  transform  these  analytical  figures  to  the  basis  of  Cu  =  100; 
the  result  is  given  in  Table  4.  The  silver  and  gold  is  now  directly 
comparable  between  each  oxidation  and  the  original  copper  plate,  also 
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the  silver  and  gold  content  in  each  oxide  layer  now  pertaining  to  the  cop- 
per that  was  oxidized.  In  the  converter  copper  platie,  the  silver  is 
fairly  uniform  in  the  several  oxide  layers  and  of  about  the  same  content 
as  the  average  of  the  original  plate;  in  other  words,  under  the  influence 
of  oxidation  of  the  copper,  the  silver  is  practically  immobile.  The  gold 
is  not  only  irregular  but  ranges  from  a  minimum  of  0.046  oz.,  in  the  first 
oxide  layer,  to  a  maximum  of  0.473  oz.,  in  the  tenth  layer.  The  correct 
average  of  the  gold  in  all  the  oxidized  copper  of  the  converter  copper 
plate  is  0.2605  oz.  per  ton,  or  82.2  per  cent,  of  the  0.317  oz.  per  ton,  which 
is  the  average  gold  for  the  whole  plate.  It  follows,  therefore,  that 
at  no  stage  of  the  oxidation  was  all  the  gold  taken  up  by  the  oxide  scales 
while  some  must  have  retreated  and  concentrated  on,  or  in,  the  residual 
plate.  For  the  leaded  plate.  Table  4  shows  great  variations  in  silver  for 
the  several  oxidations.  That  these  differences  are  not  due  to  the  mobility 
of  the  silver  has  already  been  indicated.  Lead  is  not  soluble  in  solid 
copper  and  in  a  copper-lead  plate,  Uke  the  one  under  consideration,  most 
of  the  lead  is  retained  mechanically  on  account  of  the  rapid  chilling  after 
casting  in  a  cold  metallic  mold.  The  mechanically  contained  lead  appears 
to  be  under  strain,  for  when  the  plate  is  reheated  to  redness  the  lead  begins 
to  ooze  out  at  the  top  as  well  as  the  bottom,  showing  that  other  forces 
besides  gravity  are  operative.  Silver  is  more  soluble  in  lead  than  in  copper 
and  moves  from  the  inner  plate  outward  with  tlie  molten  lead  as  carrier. 
This  fact  was  proved  in  a  special  test  with  a  similar  plate.  The  lead 
drops  on  the  surfaces  of  the  plate  were  collected  before  the  copper  had 
formed  any  appreciable  oxide  layer  and.  their  silver  content  was  found 
to  be  635.3  oz.  per  ton.  The  outward  movement  of  the  lead  in  the  plate 
is  confirmed,  too,  by  the  lower  copper  content  of  the  first  oxide  layer,  com- 
pared with  the  others,  and  by  the  higher  copper  content  of  the  residual 
plate,  compared  with  the  original  plate.  The  silver  carried  by  the  lead 
contains  no  appreciable  amount  of  gold,  so  while  the  lead  and  the  silver 
move  outwards  in  the  molten  state,  the  gold  concentrates  toward  the 
solid  copper  of  the  residual  plate,  even  to  a  greater  degree  than  in  the 
case  of  the  converter  copper  plate.  The  average  gold  content  for  all 
the  copper  oxidized  in  this  plate  is  0.3024  oz.  per  ton,  or  70.65  per  cent, 
of  the  average  gold  contained  in  the  whole  plate,  which  is  0.428  oz. 
per  ton. 

What  has  been  proved  of  the  gold  movement  toward  the  residual 
plates  by  the  figures  just  given  should  also  be  proved  by  the  analyses 
of  the  residual  plates  themselves.  However,  these  residual  plates,  which 
were  approximately  ^  in.  (6.3  mm.)  thick,  had  samples  planed  from  the 
top  and  bottom  surfaces  and  these,  as  also  one  from  the  finally  remaining 
plate,  were  analyzed,  but  the  weights  of  the  respective  parts  were  not 
taken,  so  that  a  proper  average  of  the  assays  cannot  be  given.  Never- 
theless, the  results  are  given  in  Table  5. 
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Table  5. — Analyses  of  Residual  Plaies 


Location  of  Sample 


Converter  Copper  Plate 


Copper, 
Per  Cent. 


Silver, 

Oi.  per 

Ton 


Gold, 

Oi.  per 

Ton 


Leaded  Copper  Plate 


Top  surface 99. 33 

Bottom  surface 

Inner  plate 


99.38 
99.55 


77.77 
75.35 
78.20 


0.53 
0.35 
0.41 


Copper. 
Per  Cent. 


97.77 
97.70 
98.12 


Silver, 

Os.  per 

Ton 


Gold, 

Oi.  per 

Ton 


72.80 

72.30 
69.61 


0.48 
0.58 
0.34 


Cast  Copper,  Quenchedj  Richer  in  Gold  than  MoUen  Charge 

Most  of  the  converter  copper  now  shipped  from  the  smelteries  in  the 
fonn  of  anodes,  bars,  etc.  is  subjected  to  the  so-called  pickling  process; 
that  is,  the  red-hot  castings  are  plunged  into  water,  in  which  they  shed 
most  of  the  joxide  scales  that  have  formed  on  their  surface.  That  the 
first  layer  of  oxide,  or  scales,  formed  contains  only  about  one-tenth  of 
the  gold  in  the  original  copper  has  been  conclusively  proved  in  the  tests 
with  the  converter-copper  plate.  No  data  available  show  the  commercial 
magnitude  of  this  problem  but  the  first  layer  of  scales  in  the  oxidation 
of  the  experimental  converter  copper  plate  may,  perhaps,  be  an  index 
of  what  takes  place  on  a  larger  scale  in  metallurgical  practice.  The 
origiDal  plate  was  not  weighed,  but  from  its  dimensions,  6  in.  by  8  in. 
by  1  in.,  and  the  assay  results  the  following  data  and  conclusions  are 
obtainable: 

Weight  of  original  plate,  pounds 14. 4 

Weight  of  copper  in  first  oxide  scales  (365.4  gm.),  pounds 0.8 

Weight  of  remaining  plate,  pounds 13. 6 

Gold  in  original  plate,  ounces  per  ton 0. 315 

Gold  in  copper  of  first  oxide  scales,  ounces  per  ton 0. 046 

Weight  of  gold  in  original  plate,  ounces 0. 002268 

Weight  of  gold  in  first  oxide  scales,  ounces 0 .  000018 

Weight  of  gold  in  remaining  plate,  ounces 0. 002250 

Gold  in  remaining  plate,  ounces  per  ton 0. 331 

Gold  in  original  plate,  ounces  per  ton 0. 315 

Enrichment  of  remaining  plate,  ounces  per  ton 0 .  016 

=  5. 08  per  cent. 

This  last  figure,  of  course,  will  decrease  with  the  increase  of  the 
thickness  and  weight  of  the  plates  or  with  the  decrease  in  the  thickness 
of  the  layer  of  oxidized  copper.  In  the  latter  case,  however,  the  scales 
would  become  poorer  in  gold,  which  would  relatively  increase  the  en- 
richment of  the  remaining  plate.     The  thickness  of  the  layer  of  copper 

0.75 
oxidized  in  this  experimental  case  approximates  -~  =  0.027  in. ;  where 
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0.75  in.  is  the  thickness  of  all  the  copper  oxidized  and  28  the  number  of 
layers  of  scales  produced  by  the  14  oxidations.  It  is  not  Ukely  that  this 
figure  is  reached  in  actual  metallurgical  practice. 

Figures  are  available  for  copper  sampled  from  the  molten  furnace 
charges  and  by  drilling  the  pickled  anodes.  The  samples  by  these 
methods  are  acknowledged  to  be  correct  and  the  assays  were  made  by 
identical  standard  methods.  Table  6  gives  such  a  comparison  on  monthly 
runs  for  6  mo.*  The  gold  assays  at  the  eastern  end,  made  on  drill 
samples  from  anodes,  are  uniformly  higher  than  those  of  the  west,  where 
the  assays  were  made  on  shotted  samples  from  the  furnace  charges. 
These  difiFerences,  though,  are  so  small  that  they  may  be  accidental  or 
due  to  personal  factors  and  render  the  point  raised  essentially  academic; 
yet  the  factor  undoubtedly  exists  and  possesses  the  same  algebraic  sign 
at  all  times. 

Speed  of  Oxidation  of  Copper  Containing  Impurities 

The  figures  given  plainly  demonstrate  that  the  copper  of  the  leaded 
plate  was  much  more  quickly  oxidized  than  the  copper  of  the  purer 
converter-copper  plate  and  that  the  copper  in  the  former  was  transformed 
approximately  into  cupric  oxide  while  in  the  latter  it  remained  essen- 
tially in  the  form  of  cuprous  oxide.  Table  7  gives  the  ratios  of  copper 
oxidized  and  of  the  oxygen  taken  up  by  the  copper  in  the  several  plates. 
An  additional  test  was  made  with  a  pair  of  plates,  one  of  which  was 
identical  with  the  converter  copper  in  the  other  tests,  while  the  second 
contained  approximately  1  per  cent,  of  arsenic.     The  oxidation  was 

Table  7. — Speed  of  Oxidation  of  Copper  in  Plates 


ConTerter  Copper 

Plate,  Copper 
Oxidised,  Gframs 

Leaded  Copper 

Plate,  Copper 

Ozidiied,  Qrama 

Copper  Ratio 

Month  of  Oxidation 

Converter 
Copper  Plate 

Leaded 
Copper  Plate 

1 
2 
3 
4 
5 

365.4 
348.7 
482.4 
297.6  . 
342.5 

884.0 
874.6 
1111.3 
824.9 
631.3 

1 
1 
1 
1 
1 

2.42 
2.51 
2.30 
2.77 
1.84 

Total 

1836.6 

4326.1 

Average 

367.5 

865.2 

1 

2.35 

Onde,  grams 

2090.0 

1836.6 

253.4 

5383.5* 

4326.1 

1057.4 

Oxygen  Ratio 

Copper,  grams 

Difference 

1 

4.17 

*  Original  oxide  less  3  per  cent,  allowance  for  lead. 
'  E.  Keller:  Principles  and  Practice  of  Sampling  Metallic  Metallurgical  Materials, 
U.  8.  Bureau  of  Mines,  BvUeHn  No.  122  (1916),  16,  74. 
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perf oraied  at  a  much  lower  temperature  than  in  the  former  tests,  therefore 
the  smaller  quantity  of  copper  oxidized  in  about  equal  time.  Of  the 
converter  copper,  73.79  gm.  of  copper  were  oxidized  and  185.44  gm.  of 
the  arsenated  plate,  giving  a  ratio  of  1 : 2.51. 

Formerly  copper  sulfate  (bluestone)  was  produced  by  oxidizing 
copper  shot  or  granules  in  reverberatory  furnaces  and  dissolving  the 
finally  obtained  cupric  oxide  in  sulfuric  acid,  etc.  Comparatively  pure 
and  impure  coppers  were  used,  the  latter  having  the  advantage  of  much 
more  ready  oxidation.  However,  the  disadvantage  of  the  slow  oxida- 
tion of  the  purer  copper  was  overcome  by  converting  it  into  hollow  shot 
with  very  thin  shell,  thus  enormously  increasing  its  oxidizable  surface. 
Pure  copper,  when  molten,  absorbs  large  volumes  of  sulfur  dioxide, 
which  is  emitted  upon  cooling;  therefore,  when  a  jet  of  cold  water,  or  air, 
strikes  a  stream  of  molten  copper  saturated  with  the  sulfur  dioxide  the 
resulting  shot  are  hollow.  This  absorbent  power  of  pure  copper  for 
sulfur  dioxide  diminishes  as  other  impurities  increase  and  hollow  shot 
cannot  be  produced  from  very  impure  copper. 

Explosive  Condition 

In  one  of  the  series  of  tests,  the  two  plates  were  left  in  the  muffle  for 
about  double  the  usual  time.  When  the  converter  copper  plate  was 
plunged  into  water,  it  shed  its  scales  a  little  more  noisily  than  usual  but 
when  the  leaded  plate  was  immersed,  there  was  a  loud  report,  the  hand  of 
the  manipulator  received  a  shock,  and  his  eyes  were  firmly  closed  for 
some  moments.  The  eyes,  however,  were  absolutely  uninjured  and  the 
very  finely  divided  copper  oxide  that  had  struck  the  face  with  consider- 
able force  caused  little  irritation.  The  water  bucket,  though,  was  broken 
into  numerous  pieces. 

There  was  an  essential  difference  in  the  character  of  the  scales  of 
the  two  plates.  Those  from  the  converter-copper  plate  were  relatively 
hard  and  remained  in  compact  pieces  of  some  size,  while  the  scales  from 
the  leaded  plate  generally  disintegrated  into  powder  when  striking  the 
water.  This  suggests  that  the  explosion  was  due  to  the  enormous 
surface  of  the  increased  quantity  of  the  red-hot  oxide  powder,  spontane- 
ously evolving  a  great  volume  of  steam.  This  incident  is  recorded 
merely  to  call  attention  to  what  might  happen  if  tons  of  similar  material 
were  plunged  into  a  bosh. 

Gold  Movement  on  Surface  of  Auriferous  Silver  when  Latter 

IS  Dissolved  in  Nitric  Acid 

It  is  generally  known  that  in  silver-gold  alloys  the  silver  is  soluble  in 
nitric  acid  when  the  alloy  contains  about  30  per  cent,  or  less  of  gold  and 
that  in  the  higher  grade  of  alloys  comparatively  strong  nitric  acid  may  be 
used  without  disintegrating  the  gold.  As  the  gold  content  decreases  and 
nitric  acid  above  a  certain  strength  is  used,  disintegration  will  take  place. 
However,  for  the  whole  series  of  alloys  down  to  1  per  cent,  or  even  less  of 
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gold,  a  proper  strength  of  nitric  acid  and  heat  will  dissolve  the  silver  and 
leave  the  gold  in  such  a  coherent  state  that  it  represents  the  exact  shape 
of  the  original  bead,  although  very  much  reduced  in  size  when  little  gold 
is  present.  Therefore  it  may  be  said  that,  with  decreasing  gold  content 
in  the  silver-gold  bead  the  more  marked  will  be  the  gold  movement  in 
the  direction  of  the  retreating  surface  of  the  silver  under  the  solvent 
action  of  the  nitric  acid. 

Bearing  on  Accuracy  of  Gold  Assay 

The  assay  silver-gold  beads  derived  from  the  greater  part  of  the 
converter  copper  now  produced  contain  about  1  per  cent,  of  gold.  Un- 
less the  gold  is  obtained  in  coherent  form  in  the  parting  operation  there  are 
almost  unavoidable  losses  in  the  decanting  manipulations  and  a  resultant 
low  gold  assay.  For  example,  when  such  low-grade  assay  beads  are  left 
in  cold  dilute  nitric  acid,  nine  parts  water  to  one  part  nitric  acid  (sp.  gr. 
1.42),  until  all  the  silver  is  dissolved,  the  gold  will  be  completely  disin- 
t^ated.  The  same  dilute  nitric  acid  is  the  best  solvent  for  preserving 
the  gold  in  the  desired  state,  when  it  is  brought  to  the  temperature  of 
boiling  water  as  quickly  as  possible  after  the  assay  bead  is  immersed. 
The  higher  temperature  evidently  increases  the  gold  mobiUty. 

Influence  of  Impurities  in  Silver  on  Gold  Mobility 

Silver-gold  assay  beads  derived  from  silver  chloride  and  metallic  gold 
by  the  customary  operations  of  scorification  and  cupellation  have  a  silver 
fineness,  after  deduction  of  the  gold,  of  996  to  998.5  per  thousand. 
Titrations  and  analyses  have  confirmed  these  figures.  An  analysis  of 
30  gm.  of  such  beads  showed  them  to  contain  0.16  per  cent,  lead  and  0.15 
per  cent,  bismuth,  the  latter  metal  having  concentrated  in  the  silver  from 
the  test  lead,  which  at  the  time  contained  approximately  0.02  per  cent, 
of  that  metal.  Assay  beads  of  not  less  than  997  silver  fineness  offer  no 
difficulty  in  the  gold  assay,  but  when  the  silver  falls  to  990  or  lower, 
the  gold  cannot  be  obtained  in  any  other  form  than  powder,  no  matter 
what  acid  and  heat  combinations  are  employed. 

Table  8. — Assays  of  Copper  Anode  Residues 


Origin 


Hot  Scorification  and 
Cupellation 


Silver. 
Oi.  per  Ton 


Gold, 
Oi.  per  Ton 


Cool  Scorification  and 
Cupellation 


Silver, 
Oi.  per  Ton 


Gold, 
Oi.  per  Ton 


In  beads 

In  Blag3 

In  cupels 

In  decantation 

Total 


3613.12 
55.38 
21.64 


3690.14 


28.030 
0.010 
0.045 
0.075 


28.160 


3688.85 
56.44 
20.93 


3766.22 


27.815 
0.020 
0.025 
0.225 


28.085 
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Much  difficulty  was  formerly  encountered  in  obtaining  concordant 
results  for  silver  and  gold  in  the  assay  of  the  same  sample  of  copper- 
anode  residues  by  .the  all-fire  method.  There  were  always  disagree- 
ments, reading,  "high  silver,  low  gold"  or  "low  silver,  high  gold." 
Table  8  gives  the  averages  of  20  individual  assays  for  each  case.  As 
the  pyrometer  has  not  been  introduced  in  the  assay  muffle,  it  is  impossible 
to  give  the  terms  "hot"  and  "cool"  in  degrees  of  temperature.  By 
the  term  "hot"  is  meant  a  temperature  that  will  keep  the  slag  in  the 
scorifiers  thoroughly  liquid  and  will  prevent  the  formation  of  lead  oxide 
crystals  (feathers)  in  the  cupels;  by  "cool"  is  meant  a  temperature  that 
keeps  the  slag  molten  but  permits  the  profuse  formation  of  crystals  in 
the  cupels.  Many  other  careful  assays  than  those  given  in  Table  8 
showed  this  sample  of  anode  residues  to  contain  3750  oz.  of  silver.  The 
table,  therefore,  proves  that  from  the  operations  with  the  higher  tem- 
perature a  considerable  portion  of  the  silver  was  not  recoverable;  that  is, 
it  was  volatilized,  while  at  the  lower  temperature  impurities  to  the  extent 
of  16.22  oz.  were  retained  by  the  assay  beads.  Supposing  the  beads 
that  jrielded  the  result  of  3750  oz.  to  be  of  998  fineness,  those  that  gave 
3766  oz.  should  be  993.8  fine.  The  table  shows  that  in  the  gold  assay 
of  the  beads  of  the  latter  character  considerable  gold  passes  into  the 
decantation  Uquid,  owing  to  disintegration,  and  that  it  is  three  times 
as  great  as  that  from  the  beads  obtained  in  the  hotter  operations  and 
which,  therefore,  are  purer.  This  decanted  gold  is  not  visible,  ordinarily, 
and  is  not  recovered  in  commercial  work.  It  is  best  collected  by  the 
precipitation  of  a  certain  quantity  of  silver  chloride,  filtration,  etc. 
There  naturally  is  a  gradation  in  the  degree  of  the  gold  disintegration 
from  its  almost  complete  cohesion  when  derived  from  silver  beads  of 
998  fineness  to  its  pulverulent  form  when  derived  from  beads  of,  perhaps, 
990  fineness. 

A  scientific  examination  of  the  causes  of  these  differences  has  not  been 
made.  It  is  a  generally  accepted  theory  that  the  whole  silver-gold 
alloy  series  form  solid  solutions  in  which  the  two  metals  are,  to  a  certain 
extent,  in  a  state  of  continuity,  their  molecules  remaining  within  spheres 
of  mutual  attraction  and  therefore  the  possibility  of  the  cohesive  property 
of  the  gold  when  the  silver  is  dissolved.  It  may  readily  be  imagined  that 
impurities  forming  eutectic  mixtures  may  be  so  inter  spersed  in  the 
alloy  as  to  disrupt  the  continuity  of  the  gold  and  to  destroy  its  cohesive 
property.  Or,  certain  impurities  may  form  chemical  compounds  with 
the  gold  itself,  which  woijld  no  longer  have  the  properties  of  the  metal, 
but  would  leave  it  in  a  finely  divided  metallic  state  upon  the  action  of 
the  nitric  acid. 


TRANSACTIONS  OF  THS  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[SUBJECT  TO  lUBVIBIOiq 
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Microstructure  of  Iron  Deposited  by  Electric  Arc  Welding 

BT  OBOBGB  F.    COMSTOOK,*  A.  B.,   MET.   B.,   NIAGARA  FALLS,   N.   Y. 

(New  York  Meeting,  February,  1919) 

These  notes  should  be  considered  as  a  further  discussion  of  Mr.  S. 
W.  Miller's  paper  on  "Some  Structures  in  Steel  Fusion  Welds. "^  In 
that  paper  and  the  resulting  discussion,  several  conflicting  opinions  were 
expressed  as  to  the  identity  of  the  needles  or  small  crystals  present  in 
oxyacetylene  and  electric  welds.  An  interesting  specimen  of  an  electric 
weld  examined  by  the  writer  seems  to  afford  new  evidence  regarding  the 
needles,  that  may  be  worth  presenting  at  this  time.  The  specimen  con- 
sisted of  a  piece  of  ^^-in.  (9.5-mm.)  steel  plate,  about  2J^  by  1^  in. 
(5.7  by  4.5  cm.)  in  size,  on  which  some  iron  had  been  deposited  by  arc- 
welding  to  a  depth  of  about  ^g  in.  (4.7  mm.).  The  weld  appeared  to  be 
a  very  good  one,  with  no  noticeable  break  or  boundary  between  the  plate 
and  the  deposited  iron. 

Sections  for  microscopic  examination  were  cut  in  three  planes  at  right 
angles  to  each  other  through  the  deposited  metal,  two  of  these  sections 
also  extending  through  the  steel  base.  After  polishing  in  the  usual 
way,  the  microscope  showed  that  the  deposited  metal  was  full  of  very 
small,  round,  gray,  oxide  spots,  while  the  steel  plate  contained  quite  a 
number  of  alumina  inclusions  and  a  Uttle  slag.  The  sections  were 
etched  with  nitric  acid  in  ordinary  alcohol,  and  structtires  similar  to 
those  described  by  Mr.  Miller  were  then  displayed.  Fig.  1  shows  the 
typical  appearance  of  the  deposited  metal,  which  was  quite  uniform  in  all 
three  of  the  planes  examined.  The  round  dark-gray  spots  are  oxides, 
and'  the  pale  angular  crystals  are  evidently  what  Mr.  Miller  called  cem- 
entite  and  Mr.  Jeffries  martensite,  while  Dr.  Ruder  and  Prof.  Boylston 
suggested  that  they  might  be  nitride.  The  boundary  between  this 
structure  and  the  steel  base  was  sharply  defined  under  the  microscope. 
*Fig.  2  shows  the  structure  of  the  plate  just  under  the  weld;  this  is  almost 
martensitic  and  resembles  a  coarse-grained  casting.  This  coarse  cast 
structure  soon  became  finer  as  the  distance  from  the  weld  increased, 
finally  becoming  very  fine,  with  numerous  small  particles  of  sorbite. 
This  very  fine  structure,  shown  in  Fig.  3,  became  coarser  in  turn  and 
finally  merged  into  the  original  normal  structure  of  the  steel  plate,  shown 

*  Metallographist,  Titanium  Alloy  Manufacturing  Co. 
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in  Fig.  4.  Mr.  Miller  mentioned  the  coarse  structure  occurring  next  to 
welds,  but  not  the  refinement  of  the  original  grain  farther  away,  although 
the  latter  seems  equally  characteristic,  at  least  when  soft  steel  is  welded. 

With  a  view  toward  acquiring  further  information  regarding  the  iden- 
tity of  the  pale  crystals  in  the  deposited  metal,  small  sections  of  the 
sample  were  cut  and  one  was  annealed  at  500°  C,  or  below  the  critical 
point  of  the  steel,  for  2  hr.  and  cooled  in  lime.  Another  was  annealed 
at  900°  C,  or  above  the  critical  point,  for  4  hr.,  and  cooled  slowly  in  the 
furnace.  The  first  annealing  did  not  aflfect  the  different  zones  in  the 
steel  plate  appreciably  but  caused  the  deposited  metal,  after  etching  as 
before  with  nitric  acid,  to  appear  full  of  darkened  needles  in  place  of  the 
pale  angular  crystals.  These  needles,  shown  in  Fig.  5,  looked  somewhat 
like  sorbite  deposited  along  cleavage  planes,  giving  support  to  the  view 
that  the  pale  crystals  might  be  martensite.  The  longer  annealing  above 
the  critical  point  produced  the  structure  shown  in  Fig.  6  after  the  same 
nitric  acid  etching.  Some  needles  are  still  seen  here,  but  most  of  them 
seem  to  have  coalesced  into  pale  irregular  masses  with  darkened  centers, 
looking  much  like  the  segregated  cementite  found,  as  Mr.  Miller  noted, 
in  annealed  low-carbon  steel  wires  and  sheets.  The  coarse  and  fine 
zones  in  the  steel  plate  disappeared  after  this  hotter  annealing,  and  both 
ferrite  and  pearlite  were  coarsened,  as  shown  in  Fig.  7.  At  the  boundary 
between  the  deposited  metal  and  the  steel  base,  a  narrow  zone  existed, 
where  the  needles  had  invaded  the  ferrite  in  the  steel  without  merging 
with  the  pearlite  that  was  present.  The  pearlite  stopped  abruptly 
at  the  upper  boundary  of  this  zone,  which  fact,  together  with  the  pres- 
ence of  alumina  inclusions  in  the  mixed  zone,  showed  that  it  was  the 
needles  and  not  the  pearlite  that  had  migrated  by  diffusion.  Fig.  8 
shows  the  structure  of  this  narrow  zone,  with  the  needles  and  pearlite 
present  together  yet  sharply  distinct  from  each  other. 

This  was  an  unexpected  development  from  the  annealing  experiments, 
for  if  the  pale  crystals  and  the  needles  were  cementite,  martensite,  or 
some  of  its  decomposition  products,  they  would  be  expected  to  merge  with 
the  peaixxte  in  the  drastically  annealed  specimen  shown  in  Fig.  8;  and 
if  they  were  nitride,  they  should  disappear  according  to  the  German 
article  quoted  in  my  previous  discussion.'  Dr.  Ruder,  however,  stated 
that  the  nitride  was  very  hard  to  remove  from  steel,  so  it  is  probable  that' 
the  German  work  was  erroneous  on  this  point,  and  the  nitride  theory  as 
to  the  identity  of  the  needles  thus  appears  most  plausible.  As  a  further 
check,  the  remainder  of  the  original  sample  submitted  was  filed  so  as  to 
remove  all  the  deposited  metal  with  as  little  contamination  as  possible 
from  the  steel  base.  These  filings,  representing  metal  shown  in  Fig.  1, 
were  analyzed  for  carbon  by  combustion  and  only  0.04  per  cent,  of  this 

*  BvUetin  No.  137  (May,  1918),  1023. 
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Fig.  i.^ — Deposited    metal  or  weld  before   annealing,   etched  with   nitric 


-Fic.  2.— Steel 


PLATE  jnST  BELOW  WEI 


UICROBTBUCTURE  OF  IRON  DEPOSITED  BY  ELECTRIC  ARC  WELDING 


Fio.  3.— Steel  p 


Fio.  4. — Steel  platb  dbtond  influence  op  weld,  etched  with  nitric  acid. 
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element  was  found.  Certainly,  therefore,  the  pale  crj^stals  cannot  be 
cementite,  and  judging  from  the  amount  of  decomposition  product 
shown  in  Fig.  5,  more  carbon  would  have  to  be  present  if  this  were  all 
assumed  to  have  come  from  martensite.  It  is  thus  most  probable  that 
the  pale  crystals  in  Fig.  1,  the  needles  in  Figs.  5,  6,  and  8,  and  the  pale 
irregular  areas  with  dark  centers  in  Fig.  6  are  all  various  forms  of  nitride 
of  iron.  Since  these  structures  are  all  typical  of  those  that  Mr.  Miller 
showed;  the  writer  believes  that,  in  most  cases  at  any  rate,  the  structures 
that  he  found  were  due  to  nitride  of  iron  which  assumed  various  forms 
according  to  the  speed  of  cooling  after  welding.  The  disappearance  of 
the  needles  in  his  annealing  experiment  agrees  with  the  change  shown 
between  Figs.  5  and  6,  which  were  cut  from  the  same  specimen  containing 
only  0.04  per  cent,  carbon,  but  after  diflferent  heat-treatments.  Of 
course,  these  nitride  crystals  may  not  always  be  pure  when  found  in 
welds  and  may  very  likely  contain  some  carbide  in  solution,  but  evidently 
there  are  cases,  such  as  the  one  here  described,  where  the  crystals  or 
needles  are  chiefly  nitride  rather  than  cementite. 

Etching  with  boiling  alkaline  sodium  picrate  was  tried  on  a  specimen 
from  the  original  sample,  with  the  result  that  the  pale  crystals  were 
not  changed  after  the  usual  10-min.  treatment.  After  boihng  for  45 
min.,  however,  during  which  time  the  solution  became  more  concentrated 
and  the  boiling  point  therefore  higher,  the  crystals  were  darkened,  as 
shown  in  Fig.  9.  The  specimen  which  had  been  annealed  at  900°  C\ 
needed  only  the  usual  10-min.  etching  to  darken  its  nitride  particles,  with 
the  result  shown  in  Fig.  10,  which  should  be  compared  w^ith  Fig.  6. 
This  shows  that  this  method  of  etching  darkens  not  only  cementite  and 
sulfide  inclusions,  but  also  nitride  crystals  if  continued  long  enough. 

Summarizing,  the  results  of  this  investigation  show  that  the  pale 
crystals  or  needles  typical  of  steel  fusion  welds  may  occur  very  abundantly 
in  iron  containing  only  0.04  per  cent,  carbon,  and  that  when  annealed 
thoroughly  and  slowly  cooled  the  needles  will  diffuse  into  steel  from  the 
welded  metal  but  do  not  merge  wdth  the  pearlite  of  the  steel.  The 
conclusion,  therefore,  is  that  the  pale  crystals  or  needles  are  not  cementite 
or  martensite  or  any  similar  carbide  product,  but  most  probably  nitride 
of  iron.  Dr.  Ruder's  statement  that  the  nitride  is  not  easily  removed  by 
heating  is  corroborated,  though  the  chilling  effect  of  the  welding  on  the 
steel  can  be  removed  easily  by  annealing.  From  the  above  conclusion 
and  the  sodium  picrate  etching  tests,  it  appears  further  that  boiling  in 
this  solution  will  not  differentiate  between  nitride  and  carbide  or  sulfide 
in  a  polished  specimen  of  steel. 

The  writer  wishes  to  express  his  thanks  to  Mr.  E.  Wanamaker,  elec- 
trical engineer  of  the  Rock  Island  Lines,  for  the  sample  investigated,  and 
to  Mr.  P.  Munnoch,  chemist  of  the  Titanium  Alloy  Manufacturing 
Co.,  for  the  chemical  analysis. 
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DeTelopment  of  Grain  Boundaries  in  Heat-treated  Alloy  Steels 

BT   R.    8.    ARCHER,*   DETROIT,    MICH. 
(New  York  Meeting,  February,  1919) 

In  the  microscopic  examination  of  aircraft-engine  parts  made  of  heat- 
treated  alloy  steels,  the  writer  has  been  forcibly  impressed  by  the  failure 
of  the  usual  etching  processes  to  disclose  any  but  gross  defects  in  heat 
treatment.  It  seemed  particularly  desirable  to  bring  out  the  grain  size 
of  the  steel,  which  is  indicated  in  the  ordinary  etching  processes  chiefly 
by  the  change  in  orientation  of  structure  from  grain  to  grain.  After 
various  attempts,  a  fairly  successful  method  has  been  found,  which  is  here 
presented  in  the  hope  that  it  may  be  of  use  to  those  who  have  occasion  to 
examine  these  steels  in  the  heat-treated  condition.  The  specimens 
worked  with  have  been  mostly  chrome-nickel  steels  heat  treated  (that  is, 
hardened  and  tempered)  to  a  Brinell  hardness  of  around  300.  A  few 
experiments  with  other  specimens  will  be  referred  to  later. 

Briefly,  the  method  employed  consists  in  etching  the  steel  about  10 
mio.  in  a  fresh  solution  of  picric  acid  in  ethyl  alcohol,  and  then  rubbing  off 
the  smudge  of  carbonaceous  matter  on  moist  broadcloth.  Different 
samples  of  almost  identical  analysis,  heat  treatment,  and  physical  proper- 
ties (including  resistance  to  impact)  respond  quite  differently  to  this 
treatment.  In  some,  the  grain  boimdaries  are  developed  quite  readily, 
while  in  others,  especially  in  those  whose  grain  is  unusually  fine  or  in  which 
the  final  hardening  heat  has  not  quite  obUterated  the  previous  crystalliza- 
tion, the  results  are  more  obscure.  The  exact  time  of  etching  to  secure 
the  best  results  also  differs  for  various  samples,  and  the  greatest  success 
is  usually  attained  by  a  process  of  "tinkering."  Such  a  process  is  illus- 
trated in  a  series  of  micrographs,  the  first  six  of  which  were  taken  at  a 
magnification  of  300  diameters. 

The  properties  of  the  steel  are  as  follows : 

Carbon,  per  cent 0. 420     Brinell  hardness 293 

Nickel,  per  cent 1 .  350  Yield  point,  pounds  per  square 

Chromium,  per  cent 0.900      inch 131,000 

Copper,  per  cent 0. 025  Maximum  strength,  pounds  per 

Manganese,  per  cent 0.740      square  inch 144,500 

Phosphorus,  per  cent 0. 024  Elongation  in  1  in.,  per  cent ...  28 

Sulfur,  per  cent 0. 036    Izod  impact,  foot-pounds 51 

Reduction  of  area,  per  cent 57 .  300 
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52  GRAIN  BOUNDARIES   IN    HEAT-TREATED    ALLOY   STEELS 

The  specimen  was  etched  for  2  min.  in  a  fresh  solution  of  5  gm.  of  picrie 
acid  in  100  c.c.  of  denatured  alcohol.  It  was  then  rubbed  gently  in  all 
directions  on  moist  kersey  cloth,  the  fine  polishing  wheel  being  used  for 
this  purpose.  Its  appearance  after  this  treatment  is  shown  in  Fig.  1. 
The  specimen  was  then  etched  2  min.  more  in  the  same  solution  and  again 
wiped  on  cloth.  After  photographing,  this  process  was  repeated  up  to  a 
total  of  15  min.  The  results  are  shown  in  the  micrographs  (Figs.  1  to  5), 
the  total  time  in  the  etching  solution  being  given  below  the  micrographs. 

By  this  process  the  clearest  development  of  grain  boundaries  was 
obtained  at  the  end  of  11  min.,  the  result  after  4  min.  more  of  etching 
being  inferior.  The  sample  was  then  repolished  and  etched  again  for 
11  min.  continuously  in  a  fresh  solution.  The  result  was  better  than 
before,  and  is  shown  in  Fig.  6.  Fig.  7  shows  this  structure  at  a  magni- 
fication of  1000  diameters.  These  photographs  do  not  show  the  same 
area  as  is  shown  in  the  first  series,  since  the  surface  layer  has  been  changed 
in  the  repolishing.  Fig.  8  shows  the  appearance  of  the  same  specimen 
as  etched  for  2  min.  in  the  same  solution  and  dried  without  any 
rubbing. 

With  the  same  specimen  of  steel,  a  solution  of  5  gm.  of  picric  acid  to 
100  c.c.  of  95  per  cent,  ethyl  alcohol  gave  results  practically  identical  with 
those  obtained  with  the  solution  in  denatured  alcohol.  Absolute  alcohol 
was  not  tried,  nor  was  any  dehydrating  agent,  such  as  acetic  anhydride. 
Alcoholic  solutions  of  o-nitro-phenol  were  found  to  act  too  slowly.  Mix- 
tures of  this  reagent  with  the  alcoholic  solution  of  picric  acid  acted 
with  correspondingly  less  speed  than  picric  acid,  and  gave  results  which 
were  possibly  a  Uttle  more  uniform,  but  not  of  sufficient  improvement  to 
justify  the  extra  time.  The  same  effect  might  be  obtained  by  diluting  the 
picric-acid  solution  with  alcohol,  but  this  was  not  tried.  The  following 
reagents  were  tried  unsuccessfully:  nitric  acid  in  ethyl  alcohol,  con- 
centrated nitric  acid,  bromine  in  alcohol,  and  bromine  in  carbon 
tetrachloride. 

A  few  experiments  have  been  made  with  other  steels  and  with  chrome- 
nickel  steels  of  different  heat  treatment.  Attempts  to  develop  the  grain 
boundaries  in  specimens  from  chrome-nickel  gears,  made  of  S.A.E.  steel 
X  3345  and  tempered  to  a  Brinell  hardness  of  about  500,  failed  to  give 
similar  results  to  those  obtained  with  the  same  steel  in  a  softer  condition. 
A  straight  carbon  steel,  of  medium  carbon  content,  was  quenched  in  water 
from  1600°  F.  (872°  C.)  and  drawn  at  1050°  F.  (566°  C).  The  grain 
boundaries  could  not  be  brought  out  by  this  method.  Attempts  with  a 
chrome-vanadium  steel  were  at  least  partly  successful.  The  steel  in  the 
shape  of  ^^-in.  (15.9-mm.)  round  bars  was  quenched  in  water  from 
1700°  F.  (922°  C.)  and  drawn  at  1050°  F.,  and  had  the  following 
properties . 
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Fig.  7. — Same  as  Fig.  ( 


Fig.  9. — Chrome  vanadium      X  300.      Fio.  10. — Chrome    vanadium,    etchbi> 

WITHOtT  ROBBING.       X  300, 
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Fia,  12. — Incipiekt  failure  in  bbittli 
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Carbon,  per  cent 0. 270     Brinell  hardness 302 

Chromium,  per  cent 0.960  Yield  point,  pounds  per  square 

Vanadium,  per  cent 0 .  210      inch 146,000 

Manganese,  per  cent 0. 570  Maximum  strenj^th,  pounds  per 

Phosphorus,  per  cent 0 .  023      square  inch 152,100 

Sulfur,  per  cent 0.031     Izod  impact,  foot-pounds 52 

Reduction  of  area,  per  cent 60.600  Elongation  in  2  in.,  per  cent ...  16.9 

Fig.  9  shows  this  steel  etched  20  min.  in  picric  acid  and  rubbed,  while 
Fig.  10  shows  the  result  of  2  min.  etching  without  any  rubbing.  It  may 
be  remarked  that  often  a  development  of  grain  boundaries  can  be  obtained 
which  makes  it  possible  to  get  a  good  idea  of  grain  size  by  visual  examina- 
tion of  various  fields  of  the  specimen,  but  which  is  not  good  enough  for  an 
accurate  grain  count  in  any  one  area.  The  grain  size  is  usually  such  as  to 
render  the  4-mm.  objective  convenient  for  observation  and  photography. 
The  writer's  brief  experience  with  this  method  has  shown  that  in  some 
brittle  steels  the  grain  outlines  are  developed  more  easily  than  in  tough 
steels  of  similar  analysis  and  tensile  properties. 

The  method  has  been  tried  for  tracing  the  path  of  rupture  in  impact 
test  specimens.  It  works  satisfactorily  in  the  case  of  verj^  brittle  steel, 
where  the  fracture  is  shown  to  take  place  around  the  grain  boundaries; 
Fig.  11  shows  such  a  specimen.  In  Fig.  12,  taken  from  the  same  specimen, 
it  can  be  seen  that  failure  has  started,  in  the  grain  boundaries,  below  the 
actual  surface  of  fracture.     The  properties  of  this  steel  were: 

Carbon,  per  cent 0. 490     Brinell  hardness 302. 0 

Nickel,  per  cent 1.900  Izod    impact    test    across    Ki'^^in, 

Chromium,  per  cent 1 .  020      foot-pounds 8.5 

Manganese,  per  cent 0.740  Izod  impact  test  parallel  to  grain, 

Sulfur,  per  cent 0. 037       foot-pounds 2.0 

Phosphorus,  per  cent 0. 037 

When  the  resistance  to  impact  is  high,  the  fracture  is  through  the 
grains.  The  resulting  deformation  of  the  grains  causes  failure  of  the 
etching  process  to  bring  out  the  grain  boundaries  near  the  fracture. 
The  manner  of  failure,  however,  is  readily  apparent  from  the  profile  of 
the  fracture. 

Summary 

A  method  of  etching  is  described  which  has  been  found  useful  in 
bringing  out  the  grain  boundaries  of  chrome-nickel  and  chrome- vanadium 
steels  hardened  and  tempered  to  a  Brinell  hardness  around  300.  This 
method  consists  in  etching  the  specimen  in  a  4  per  cent,  solution  of 
picric  acid  in  ethyl  alcohol  for  a  period  varying  from  5  to  25  min.,  and 
then  rubbing  off  the  carbonaceous  smudge  on  moist  broadcloth  or 
kersey. 
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A  Comparison  of  Grain-size  Measurements  and  Brinell  Hardness  of 

Cartridge  Brasa 

BY   W.    H.   BAS8ETT*   AND    C.    H.    DAVIS,  f   WATERBURY,    CONN. 

(New  York  Meeting,  February,  1919) 

In  the  commercial  annealing  of  cartridge  brass  there  are  four  points 
regarding  which  definite  data  are  essential.  They  have  to  do  with  the 
correct  interpretation  of  grain  count  in  its  relation  to  annealing  tempera- 
ture and,  incidentally,  to  Brinell  hardness.     These  points  are: 

1.  The  comparison  of  the  grain  sizes  of  two  cartridge-brass  mixtures: 
69  copper,  31  zinc,  0.376-in.  (9.5-mm.)  gage;  and  68  copper,  32  zinc, 
O.130-in.  (3.3-inm.)  gage. 

2.  The  comparison  of  the  grain  sizes  of  annealed  metal  that  had  pre- 
viously been  reduced  by  rolling  varying  amounts;  for  instance,  20.0, 
36.6,  50.9,  and  59.1  per  cent. 

3.  The  determination  of  standards  for  grain  sizes  on  annealed  brass 
of  the  composition  68  per  cent,  copper,  32  per  cent,  zinc  and  69  copper,  31 
zinc. 

4.  The  comparison  of  grain  size  with  Brinell  hardness  on  identical 
samples  of  annealed  metal. 

In  their  comprehensive  and  thorough  investigation  of  the  recrystal- 
lization  of  cold-worked  alpha  brass  on  annealing,^  Mathewson  and  Phil- 
lips have  discussed  the  relations  between  temperature  of  anneal,  degree 
of  deformation,  and  structural  alteration  in  alpha  brass.  They  have  also 
shown  certain  comparisons  between  the  ordinary  physical  properties  and 
the  grain  size  of  annealed  brass.  The  purpose  of  the  present  investiga- 
tion is  mainly  concerned  with  the  grain  size  of  cartridge  brass,  its  relation 
to  Brinell  hardness,  and  the  publication  of  sufficient  data  to  enable  those 
engaged  in  the  inspection  of  such  material  to  have  a  correct  foundation 
upon  which  to  work. 

The  first  alloy  was  taken  from  regular  mill  stock  that  had  been  rolled 
from  0.580  in.  to  0.376  in.  (14.7  mm.  to  9.5  mm.)  gage,  a  reduction  of  35.1 
per  cent.  This  bar  (No.  1)  had  the  following  composition:  Copper,  69.20 
per  cent.;  zinc,  30.76  per  cent.;  lead,  0.02  per  cent.;  iron,  0.02  per  cent. 

The  second  alloy  was  also  taken  from  mill  stock  of  0.325  in.  (8.25  mm.) 
gage  and  was  rolled  as  shown  in  Table  1,  in  order  to  get  four  bars  reduced 

♦  American  Brass  Co.         f  American  Brass  Co.        i  Trans.  (1916)  54,  608-657. 
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two,  four,  six,  and  eight  B.  &  S.  numbers  respectively.  This  second  alloj' 
had  the  composition:  Copper,  68.48  per  cent.;  zinc,  31.47  per  cent.; 
lead,  0.02 .per  cent.;  iron,  0.03  per  cent. 

Table  1,- — Results  Obtained  by  Rolling  Bars 

Annealed  Bar  a«««o1«w4«.«  Reduction  by 

Bar  Xo.         Selected  from       Rolled  to,  Inch  t««k  Rolled  to,  Inch  Rolling, 

Stock.  Inch  *°*'°  Per  Cent. 


2 

0.325 

•   ■'«•> 

0.325 

0.133 

59.1 

3 

0.325 

0.273 

0.273 

0.134 

50.9 

4 

0.325 

0.213 

0.213 

0.135        ' 

36.6 

5 

0.325 

0.168 

0.168 

0.134 

20.2 

Specimens,  1  by  3  in.  (25.4  by  76.2  mm.),  from  each  of  these  five 
bars  were  annealed  for  }^  hr.  at  50°  C.  intervals,  from  200°  C.  to  850° 
C.  From  275°  C.  to  425°  C,  additional  samples  were  annealed  at  25°  C. 
intervals.  The  specimens  were  tightly  wrapped  together  in  sheet  copper 
and  were  quenched  with  their  covering  as  quickly  as  possible  at  the  end 
of  J^  hr.  at  the  required  temperature.  A  new  Bristol  indicator  and  re- 
corder wdth  base-metal  couple  was  used,  the  latter  being  wrapped  with  the 
specimens.  The  couple  was  checked  and  calibrated  before  and  after 
annealing  by  the  boiling  point  of  sulfur  and  the  melting  point  of  sodium 
chloride. 

The  Brinell  hardness  tests  were  made  with  an  Aktiebolaget  alpha 
machine.  A  load  of  500  kg.  and  the  standard  10-mm.  diameter  ball  were 
used  and  the  pressure  maintained  for  30  sec.  The  pressure  exerted  by 
this  machine  was  checked  by  weighing  on  a  standard  scale.  The  surfaces 
of  both  hard  and  annealed  specimens  were  scoured  with  emery  cloth  and 
polished  wnth  fine  emery  before  testing.  Two  impressions  were  taken, 
one  in  the  center  of  the  specimen  and  the  other  halfway  toward  the  end. 
Readings  of  these  w^ere  made  upon  an  80  mm.  Gaertner  comparator, 
accurate  to  0.001  mm.  One  reading  was  taken  in  the  direction  of  the 
original  rolling,  the  other  at  right  angles  to  that  direction  for  each  im- 
pression, and  the  four  results  averaged.  Little  or  no  discrepancy  was 
found  in  these  results,  except  in  the  case  of  the  hard-rolled  specimens 
where  the  impression  was  oblong,  the  longer  diameter  coinciding  in  direc- 
tion with  the  direction  of  rolling.  In  the  harder  samples  this  difference 
in  diameter  was  equivalent  to  as  much  as  10  Brinell  points. 

The  grain  size  was  counted  on  a  section  taken  parallel  to  the  surface 
between  the  two  Brinell  impressions.  On  the  specimens  annealed  below 
700°  C.  the  magnification  used  was  150  diameters;  at  700°  C,  75  diam- 
eters; and  from  750°  C.  to  850°  C,  50  diameters.  The  method  of  counting 
used  is  recommended  by  the  American  Society  for  Testing  Materials. - 

*  Tentative  Definitions  and  Rules  Governing  the  Preparation  of  Micrographs  of 
Metals  and  Alloys.     Proc.  Am.  Soc.  for  Test.  Mat.  (1917)  17,  Pt.  1,  838. 
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It  is  also  described  by  Zay  Jeffries  and  others.'  A  circle  79.8  mm.  in 
diameter  was  used  in  counting  and  the  diameter  of  the  average  grain  in 
millimeters  was  determined.  The  following  formulas,  proposed  by  Prof. 
Jeffries,  were  used: 

w  =  boundary  grains; 

2   =  completely  included  grains; 

X  =  equivalent  number  of  whole  grains  in  5000  sq.  mm.  (circle  79.8 
mm.  diameter  or  rectangle  having  area  of  5000  sq.  mm.) ; 

m  =  magnification  used; 

/    =  multiplier  to  obtain  grains  per  square  millimeter  j 

n  =  number  of  grains  per  square  millimeter; 

d   =  diameter  of  average  grain  in  millimeters; 

a  =  area  of  average  grain  in  UK 

^  "  5000  n  -  ;x 

1  1,000,000 

Tables  2,  3,  and  4  give  a  r68um6  of  the  results  obtained. 
Table  2. — Brinell  Hardness  and  Grain  Size  on  69-31  Brass 

(See  Fig.  2) 
^ar  No.  1.    Rolled  from  0.580  in.  to  0.376  in.  (14.7  mm.  to  9.5  mm.). 
Reduction  by  rolling  35.1  per  cent.  (4— B.  &  S.  numbers.     Hard) 


X  =  i/^  w  +  z 


d  = 


"«gre«  C. 


Mag. 
Dia. 


n 


Vn 


Av. 
d 


Av.  BriDeil 

Number  from 

Two  Imp.  and' 

Four  Readings 


«5o 

600 
550 
600 
450 


10.0 
24.0 


6.0 
12.0 


2.23 
3.4 


26.2 

5.1 

82.12 

0.06 

290.25 

17.03 

571.5        23.90 


1017.0  31.89 

!  2020.5  '  44.95 

1656.0  I  40.6 

2776.5  52.69 

2389.5  '  48.8 


Uuiformly  annealed. 


Ninety-five  per  cent,  new  grains. 


Few  new  grains. 
No  new  grains. 
No  new  grains. 
No  new  grains. 


41.3 

43.9 

0.197 

46.0 

0.110 

50.6 

0.062 

55.8 

0.044 

61.7 

0.033 

65.9 

0.023 

70.4 

0.020 

76.0 

1 

75.2 

82.6 

•  •  *  • 

88.3 

102.0 

•  •  •  • 

102.0 

1 
1 

143.0 

1 

153.0 

153.0 

. 

153.0 

' 

146.0 

(1916)  54,  594-607.    Elaborated  in  Met.  and  Chem.  Engng.  (Feb.  16,  1918) 
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Table  3. — Brinell  Hardness  and  Grain  Size  on  68-32  Brass 

(See  Figs.  1  and  3) 
Bar  No.  2  (Mark  #).     Reduction  by  rolling  20.2  per  cent. 

(2  — B.  &  S.  numbers) 


Anneal. 

Temp., 

Degrees  C. 

X 

Mag. 
Dia. 

/ 

1 

n 

Vn 

2.74 

—      -  ■     1 
d 

0.365 

Av.  Brinell 

Number  from 

Two  Imp.  and 

Fcur  Readings 

850 

15.0 

50 

0.5 

7.5 

41.7 

800 

32.5 

50 

0.5 

16.25 

4.03 

0.247 

43.6 

750 

57.5 

50 

0.5 

28.75 

5.36 

0.186 

45.7 

700 

71.0  • 

75 

1.125 

79.875 

8.93 

0.112 

49.0 

650 

42.5 

150 

4.5 

191.25 

13.82 

0.072 

52.0 

600 

62.0 

150 

4.5 

279.0 

16.70 

0.059-f 

56.1 

550 

87.0 

150 

4.5 

391.5 

19.7 

0.0507 

58.2 

500 

110. 0± 

150 

4.5 

495.0 

22.2 

0.045 

60.5 

450 

I  118.5 

150 

4.5 

533.25 

23.09 

0.043 

65.5 

425 

■    •   • 

69.1 

400 

One-fourt] 

1  area  consists  of  new  grains. 

- 

89.7 

375 

Few  new  grains. 

94.1 

350 

No  new  grains. 

101.0 

325 

No  new  grains. 

100.0 

300 

No  new  grains. 

103.0 

275 

•    •    • 



....... 

104.0 

250 

■    •    •    • 

106.0 

200 

1 

1       ... 

109.0 

Hard. . . . 

1   

•   •   • 







110.0 

Bar  No.  3  (Mark  +).     Reduction  by  rolling  36.6  per  cent. 

(4— B.  &  S.  numbers) 


850 

17.0     , 

50 

0.5 

8.5 

2.91 

0.344 

41.1 

800     1 

44.0 

50 

0.5 

22.0 

4.69 

0.213 

43.1 

750 

71.5 

50 

0.5 

35.75 

5.97 

0.167 

45.9 

700     ' 

52.0 

75 

1.125 

58.50 

7.65 

0.131 

48.9 

650 

34.5 

150 

4.5 

155.25 

12.46 

0.080 

51.5 

600 

83.0 

150 

4.5 

373.5 

19.30 

0.0518 

55.4 

550 

142.5 

150 

4.5 

641 . 25 

25.32 

0.0395 

61.3 

500 

196.0 

150 

4.5 

882.0 

29.70 

0.034 

66.4 

450 

198.0 

150 

4.5 

891.0 

29.85 

0.0336 

70.5 

425 

•   ■    • 

1 

71.2 

400 

Con 

ipletely  re 

jcrystallizec 

I. 

74.6 

375 

•   •   • 

88.8 

350 

One-third 

area  cons 

ists  of  new 

grains. 

100.0 

325 

Some  new 

grains. 

106.0 

300 

No  new  ^ 

grains. 

137.0 

275 

No  new  g 

jrains. 

140.0 

250 

No  new  | 

rrains. 

143.0 

200 

No  new  ^ 

;rains. 

148.0 

Hard 

•   •   • 

147.0 
136.0 

142 
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Table  4. — Brinell  Hardness  and  Grain  Size  on  68-32  Brass 

(See  Figs.  1  and  3) 
Bar   No.  4   (Mark  X).     Reduction  by  rolling  50.9  per  cent. 

(6  +  B.  &  S.  numbers) 


Anneal. 

Temp., 

Degrees  C. 


Dia. 


V^ 


Av.  Brinell 

Number  from 

Two  Imp.  and 

Fovir  Readings 


S50 

18.5      i 

50 

1    0.5 

9.25 

3.04 

0.329 

42.0 

800 

38.0 

50 

1    0.5 

19.0 

4.35 

0.230 

43.1 

750 

€7.5 

50 

0.5 

33.75 

5.80 

0.172 

46.4 

700 

es.o    1 

75 

1.125 

76.50 

8.75 

0.114 

49.7 

650 

38.0      1 

150 

,    4.5 

171.0 

1  13.07 

0.076 

52.1 

600     ■ 

S4.0 
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Fig.  1. — Direct  comparison  of  Brinell  and  qrain-size  measurements  on 
0.130-iN.  gage  cartridge  brass.  Annealed  J^  hr.  at  temperatures  noted. 
Specimens  were  previously  reduced  by  rolling  as  indicated. 
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Fig.  2. — Direct    comparison    op    Brinell    and    grain-size    measurements 
ON  0.376-iN.  gage  cartridge  brass.  '  Annealed  J^  hr.  at  temperatures  noted 
Specimens  were  previously  reduced  35.1  per  cent,  by  rolling. 
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The  micrographs  taken  to  illustrate  this  paper  are  magnified  75 
<liameters  but  the  grain  counts  were  made  on  micrographs  taken  in  the 
same  area  but  magnified  50,  75,  or  150  diameters.  Accompanying  this 
report  are  three  plots.  The  first,  Fig.  1,  shows  the  relation  of  Brineli 
hardness  to  annealing  temperature  and  the  relation  of  grain  size  to 
annealing  temperature  for  the  68-32  alloy;  the  second,  Fig.  2,  shows  the 
same  relations  for  the  69-31  alloy,  the  third,  Fig.  3,  shows  the  relation 
of  Brineli  hardness  to  grain  size  for  a  given  alloy  of  copper  and  zinc. 
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Fig.  3. — Brinell  habdness  indicates  grain  size  for  any  given  brass  in 

THE  alpha  phase.  AT  LOW  TEMPERATURES  THE  GRAIN  SIZE  IS  INFLUENCED 
BY  THE  GRAIN  SIZE  OF  THE  PREVIOUS  ANNEAL,  660**  C.  IN  THIS  CASE.  PLOTTED 
FEOM  THE  DATA  USED  FOR  FiG.  1. 

The  Brineli  method  is  a  very  accurate  way  of  determining  the  hardness 
of  sheet  brass.  The  hardness  of  rolled  metal  is  relatively  proportionate 
to  the  percentage  reduction  by  rolling.*  The  hardness  of  annealed 
metal  is  relatively  proportionate  to  the  temperature  of  annealing^ 
(for  any  fixed  period  of  time).     The  Brinell  hardness  of  annealed  metal 

■ 

^  proportionate  to  the  annealing  temperature,  but  this  proportion  varies 
on  account  of  two  factors;  namely,  the  amount  of  the  last  rolling  the 
Daetal  received,  and  the  grain  size  that  existed  at  the  time  of  that  rolling, 
^igs.  1  and  4  to  13  illustrate  these  points  in  the  case  of  the  0.130-in. 
(3.3-mmO  gage  cartridge  brass  and   show:   that  in  annealing  hard- 


*C.  H.  Davis:  Testing  of  Sheet  Brass.    Proc.  Am.  Soc.  Test.  Mat.  (1917),  17, 
^-  2, 166. 

^-  H.  Davis:  Op  cit.,  Fig.  8  and  Fig.  3. 
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20.2  PEE  CENT.  RBDCCTION  36.6  PER  CE 


BniN.  100  325°  C.  anneal  Brin.  106 

Fio.  4. — Etched  witb  ammonia  and  htsrogen  peroxide.     X  75. 
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Bttii*.  93.3  326°  C. 

Fio.  5. — Etched  wi 


Brin.  9 
X  75. 
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20.2  FEB  CENT.  REDUCTION  30.6  PBH  CENT. 


375°  C.  ANNEAJ. 


Brin.  74.6 
X75. 
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Bbin.  79.6  400"  C. 

Fio.  7. — Etched  with  ahuonia 
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biuN.  t>5.5,  d  =  0.013  MM.  450°  C.  anneal  Brin.  70.5,  d  -0. 


Bbin.  tKI.5,  rf~  0.045  mm.  500°  C.  anneal  Bbin.  66.4,  d=  0.034  hu. 


Bkin.  58.2,  d  ^  0.0507  Mu.  550°  C.  anneal  Brin.  61.3  d  -^  0.0395  hu. 

Fio.  8. — ^Etched  with  aumonia  and  hydrooek  peroxide.     X  75. 
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Bbi\.  74.1,  d  =  0.022  mm.  450"  C.  anneal  Brin.  77.4.  d  =  0.0236.MM. 


Bbin.  69.1,  d  =  0.0355  mm.  500°  C.  anneal  Bbin.  69.1,  d  =  0. 


12.0,  rf=0.0J5CM 
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20.2  PER  CENT,  RKDUCTION  36,6  PER  CENT.  REDUCTION 


Brin.  56.1,^=^0.059  mm.  600°  C.  anneal  Brin.  5S.4  d- 0.0518  um. 


Brin.  52.0,  d-  0.072  mm.  650°  C.  anneal  Brin.  51.5,  d  =  0.080  um. 


Bhin.  49.0,  d  =  0-112  MM..  700°  C.  anneal  Brin.  48.9,  d- 0.131  uu. 

FiQ.  10. — Etched  with  amuonia  and  hvdroi 


W.    H.  BASSETT   AND    C.    H,    DAVIS 
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Bed.-.  56.8,  d-  0.0515  tiu.  eOO"  C.  anneal  Bbin.  57.2,  d-  0.0534 


Brin.  52.1.  d=0.Q7G  tin.  050°  C.  anneal  Bbin.  52.4.  iJ=  0.076  um 


Bri>.  49  7,  d=  0.114  mu  700°  C.  anneal  Bbin.  49.2,  d=  0U6  mm. 

Fio.    II- — Etched  with  ammonia  and  hturogen  peroxide.     X  75. 
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20.2  PER  CENT.  REDUtTIOS  36.G  PER  CEST.  REDUCTlO.t 


i  J 


Brin.  45.7,  d=  0.186  mm.  760°  C.  anneal  Brin,  45.9,  d=  0.167  n 


43.6, '/  =  0.247  MM.  HOO°C  annkal  Brin  43.1,  d- 0213  fc 


Brin.  41.7,  d- 0.365  mm,  850°  C.  anneal  Bri.v.  41.1,  d=  0.344  um. 

Fio.  12. — Etched^witii'amuonia  and  hydrogen  peroxide.     X  76. 
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Brin.  146— Ab  rolled  Brin,  153—250"  C. 


Bhik.  143—300'  C.  Brin.  102—325°  C. 

Fig.  14. — EJtched  with  ammonia  and  hydrogen  peroxide.     X  75. 
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Brin,  82.6^-400°  C. 


600°  C.  650°  C. 

Brin.  70.4.  d-  0,023  mm.  Bbin.  65.9,  d-  0.033  mm. 

Fio.  15. — Etched  with  ammonia  and  htdbooen  peboxide.     X  76. 


A    COMPARISON    OF   GRAIN-SIZE    MEASUREMENTS 


800°  C,  850" C. 

Brin.  43.9,  d  =  0.300  mm.  Bbin.  41.3,  d  -  0.448  rni. 

Pig.  16, — Etched  with  ammonia  and  htdrooen  e-eroude.     X  75. 
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rolled  metal  the  drop  in  Brinell  hardness  indicates  softening  of  the  metal 
just  before  the  new  grains  are  seen;  that  the  softening  of  lightly  rolled 
metal  progresses  considerably  before  any  new  crystals  can  be  detected; 
that  the  Brinell  hardness  of  all  specimens  agrees  closely  from  600°  C. 
to  850°  C.  -As  the  previous  anneal  of  the  original  hard  specimens  was 
about  650°  C,  the  conclusion  is  drawn,  and  borne  out  by  experience,  that 
both  the  Brinell  hardness  and  the  grain  size  of  annealed  metal  are  greatly 
affected  by  the  grain  size  due  to  the  anneal  previous  to  the  anneal  under 
discussion;  and,  as  the  grain  size  of  the  previous  anneal  diminishes,  the 
Brinell  hardness  curves  and  the  grain-size  curves  will  approach  those 
of  metal  annealed  after  very  hard  rolling  as  a  limit;  i.e.,  in  Fig.  1,  the 
curve  marked  59.1  per  cent,  reduction  is  this  limit  for  the  curves  that 
represent  more  lightly  rolled  material.  Figs.  14  to  16  illustrate  the  grain- 
size  of  0.376-in.  gage  cartridge  brass  containing  69.20  per  cent,  copper, 
30.76  per  cent,  zinc,  0.02  per  cent,  lead,  and  0.02  per  cent.  iron.  All 
specimens  were  reduced  35.1  per  cent,  before  annealing. 

For  the  direct  comparison  of  the  Brinell  hardness  with  the  diameter 
of  the  average  grain  in  millimeters,  a  third  plot  (Fig.  3)  has  been  added 
for  the  0.130-in.  (3.3-mm.)  gage  brass.  This  plot  emphasizes  two  points 
brought  out  in  the  foregoing  paragraph:  (1)  At  low  temperatures  the 
grain  size  is  influenced  by  the  grain  size  of  the  previous  anneal  (0.060  mm. 
+  in  this  case) ;  and  (2)  from  this  grain  size  (0.060  mm.)  upward,  the 
Brinell  hardness  plotted  against  grain  size  gives  a  single  curve  no  matter 
what  the  previous  treatment  of  the  metal  has  been.  Consequently 
it  may  be  repeated  that  in  well-annealed  brass  of  any  given*  alloy  the 
Brinell  hardness  indicates  grain  size. 

On  account  of  the  thickness  of  this  particular  brass  as  commercially 
used,  the  specimens  were  taken  from  a  single  bar  as  rolled  in  mill  practice 
with  a  35.1  per  cent,  reduction.  In  Fig.  2,  the  Brinell  hardness  and  the 
grain  size  are  plotted  against  annealing  temperature  so  that  they  may  be 
directly  compared.  The  curves  follow  closely  those  of  the  68  copper, 
32  zinc  alloy  for  the  same  percentage  reduction  and  previous  heat 
treatment. 

Conclusion 

1.  The  grain  sizes  of  the  annealed  alloys  68  copper,  32  zinc  and  69 
copper,  31  zinc  agree  closely  when  the  previous  heat  treatment  and 
reduction  by  rolling  are  made  to  correspond.  The  difference  in  thickness 
— 0.374-in.  (9.4-nMn.)  gage  and  0.130-in.  (3.3*mm.)  gage — does  not  appreci- 
ably affect  the  grain  size  or  the  Brinell  hardness. 

*The  grain  size  and  the  Brinell  hardness  change  progressively  with  the  per- 
centage of  copper  in  brasses.  The  relation  between  the  two,  however,  remains  a 
constant  for  each  brass  mixture  in  the  alpha  phase. 
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2.  The  grain  sizes  of  brasses  annealed  at  low  temperatures  are  greatly 
affected  by  the  grain  size  and  the  reduction  by  rolling,  previous  to  such 
annealing. 

3.  The  grain  size  and  Brinell  data  for  the  several  conditions  described, 
when  plotted  against  temperature,  give  curves  that  approach  the  curve 
of  metal  annealed  after  hard  rolling  as  a  limit.  It  is  desirable  to  select 
for  standard  of  grain  size  (as  determined  by  the  temperature  of  annealing) 
those  specimens  that  have  been  previously  reduced  by  rolling  at  least 
50  per  cent. 

4.  In  the  case  of  cartridge  brass  of  the  composition  68  copper,  32 
zinc,  Brinell  hardness  indicates  grain  size.  At  low  annealing  tempera- 
tures the  grain  size  is  influenced  by  the  grain  size  of  the  previous  anneal. 
The  finer  the  grain  size  of  the  previous  anneal,  the  more  closely  will  the 
curve,  Brinell  Hardness — Grain  Size,  approach  the  standard  curve. 

5.  Since  grain  size  is  influenced  by  the  grain  size  in  the  previous  anneal 
and  also  by  the  amount  of  reduction  by  rolling  previous  to  annealing, 
the  hardness  of  cartridge  brass  may  be  determined  with  greater  accuracy 
by  the  Brinell-hardness  measurement  than  by  attempting  to  judge  it 
from  the  grain  size. 
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[subject  to  bbvimon] 


DISCUSSION  OP  THIS  PAPER  IS  INVITED.  It  should  praferably  be  pmented  in  person  nt  th« 
Nev  York  meeting,  February,  1910.  when  %n  ftbetrsot  of  the  paper  will  be  read.  If  this  is  impossible, 
Umh  diseiMBon  in  writinc  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Eogineers,  30  West 
aOth  Street,  New  York,  N.  Y.,  for  presentation  by  the  Seoretary  or  other  representative  of  its  author. 
Unless  speeial  arrangement  is  made,  the  disoussion  of  this  paper  will  close  Apr.  1, 1010.  Any  disoustion 
offersd  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Does  Forging  Increase  Specific  Density  of  Steel? 

BY  H.  E.  DOERRy*  ST.  LOUIB,  MO. 
(New  York  Meeting,  February,  1010). 

The  writer  has  been  unable  to  find  much  information  relative  to  tests 
made  to  determine  the  effect  of  forging  on  the  specific  density  of  steel. 
The  opinion,  however,  among  men  engaged  in  the  business,  seems  to  be 
that  forging  greatly  compresses  or  consolidates  the  steel.  While  such 
is  doubtless  the  case  with  spongy  or  porous  steel,  the  following  experi- 
ments indicate  that  there  can  be  little  or  no  change  in  the  density  with 
steel  initially  free  from  cavities. 

Ten  ingots  of  basic  open-hearth  steel  cast  as  shown  in  Fig.  1  were 
used  in  the  experiments.  All  the  specimens  were  0.53  carbon  with 
all  other  elements  the  same,  the  analysis  being  determined  from  drillings 
taken  midway  between  the  center  and  outside  of  the  upper  end,  as 
shown  in  Fig.  2.  The  specimens  were  selected  from  over  one  thousand 
ingots  so  that  the  tests  could  be  comparative  for  the  work  done  in  forging 
only,  but  no  two  of  the  ingots  were  cast  in  the  same  heat.  Each  ingot 
remained  in  the  mold  approximately  30  min.,  when  it  was  removed  and 
air-cooled.  About  12  hr.  later,  when  the  temperature  had  been  reduced 
to  approximately  that  of  the  surrounding  atmosphere,  the  head  was 
discarded  and  the  ingot  heated  in  an  oil  furnace  to  approximately  2250^ 
P.  (1235®  C).  Approximately  1  min.  was  required  to  forge  under  the 
steam  hammer  to  1^  in.  (31.75  mm.),  rough  diameter,  as  shown  by 
the  dotted  lines  in  Fig.  2.  All  ingots  were  allowed  to  air-cool  after 
forging.  Cylinders  }^  in.  (17.7  mm.)  in  diameter  and  )^  in.  high  were 
then  turned  from  the  forged  and  unforged  parts  of  the  ingots  and  num- 
bered. The  ten  pairs  of  specimens  were  submitted  to  Louis  E.  Endsley, 
Professor  of  Railway  Mechanical  Engineering,  University  of  Pittsburgh; 
A.  N.  Talbot,  Professor  of  Applied  Mechanics,  University  of  Illinois; 
L.  Z.  Slater,  chief  chemist,  ScuUin  Steel  Co.,  St.  Louis,  Mo.  No  in- 
formation was  furnished  as  to  which  specimens  were  forged  or  unforged 
and  each  laboratory  used  the  same  specimens,  submitting  the  average 
of  three  independent  determinations,  a  tabulation  of  which  is  shpwn  in 
the  accompanying  table  in  which  the  laboratories  are  designated  by 

« 
8  *  Chief  Mechanical  Engmeer,  Scullin  Steel  Co. 
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the  letters  A,  6,  &nd  C.  While  there  is  conaiderable  difference  in  the 
individual  determinations  for  a  number  of  the  specimens,  the  averages 
for  both  the  forged  and  unforged  specimens  are  very  close.  The  deter- 
minations of  each  laboratory  indicate  that  the  forged  is  the  denser  of 
each  pair  with  the  single  exception  of  "B's"  determinations  for  No.  10. 
Assuming  that  all  cavities,  however  small,  were  completely  closed,  the 
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average  results  indicate  that  only  0.64  per  cent,  of  the  sectional  area 
of  the  original  ingot  consisted  of  cavities. 

The  ratio  of  volume  to  superficial  area  is  so.  great  with  an  ingot  of  the 
size  used  that  it  is  doubtful  whether  the  ingot  can  properly  solidify 
without  the  formation  of  microscopic  cavities.  Undoubtedly,  with 
large  ingots  where  the  ratio  of  volume  to  superficial  area  is  smaller  than 
with  the  ingots  used,  the  percentage  of  increase  in  specific  density  of 
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the  forged  specimens  would  be  reduced  to  a  negligible  value,  if  not 
wholly  eliminated. 
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Employment  of  Mine  Labor 

BY  HERBBRT  M.   WILSON,*  PrTTSBUROH,   PA. 
(New  York  Meeting,  February,  1010) 

This  topic  was  discussed  at  the  meeting  in  St.  Louis  in  September, 
1917,  and  at  the  meeting  in  New  York  in  February  last,  but  in  the  interval 
the  war  has  accentuated  in  measurable  degree  the  necessity  for  consider- 
ing human  relationship,  not  only  as  between  nations,  or  in  the  treatment 
of  our  returning  soldiers,  but  with  respect  to  the  relations  between  labor 
and  capital  in  industry.  It  is  my  firm  conviction  that  no  other  subject 
will  have  so  large  a  place  in  industrial  and  political  life  during  the  next 
decade  as  this. 

Heretofore,  the  employer  has  been  so  engrossed  with  the  finan- 
cial, mechanical,  and  technical  aspects  of  his  business  that  he  has 
been  willing  to  muddle  through  his  relations  with  labor  as  best  he 
might  and,  on  the  other  hand,  the  laborer  has  been  so  engrossed  in  his 
endeavors  to  secure  a  liveUhood  under  whatever  living  and  working 
conditions  might  be  offered  him  that  he  has  given  little  thought  to  his 
relations  to  his  employer,  until  some  misunderstanding  has  ended  in 
disagreement  and  strike.  No  thinking  man  doubts  that  were  the  ma- 
chinery available  for  friendly,  personal,  face-to-face  consideration  of  the 
problems  confronting  employer  and  employee,  there  would  be  fewer 
disagreements,  fewer  strikes,  and  a  better  and  more  settled  industrial 
situation. 

The  necessity  for  some  such  medium  for  exchange  of  views  has  re- 
sulted in  the  organization  of  labor  and,  in  some  measure,  of  capital. 
Each  party,  engrossed  only  in  defending  its  own  viewpoint,  has  generally 
tried  to  gain  its  point  by  might  rather  than  by  right.  Gradually, 
however,  the  representatives  of  both  elements  are  beginning  to  appreciate 
that  when  the  machinery  for  bringing  them  together  in  friendly  commun- 
ion is  available  their  differences  frequently  settle  themselves.  There 
remain  yet  vast  numbers  of  employers  and  of  employees  who  are  not 
organized  and  to  whom  the  opportunity  of  friendly  discussion  of  dif- 
ferences is  not  available;  for  these  the  machinery  should  be  provided. 

The  subject,  Employment  of  Labor,  in  so  far  as  it  applies  to  mine 
labor,  may  be  considered  under  two  headings:  method  of  emplo3anent 
of  labor  and  method  of  retention  of  labor.  The  method  of  treating  each 
of  these  divisions  of  the  subject  will  depend  on  the  size  of  the  mining 
operation.    The  method  of  emplojmient  for  a  large  operation  may  be  by 

*  Director  of  the  Department  of  Inspection  and  Safety  of  the  Associated  Companies. 
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the  maintenance  of  a  separate  emplo3mient  department;  for  small  mines, 
there  may  be  no  employment  department  or  organized  method  of  employ- 
ment. The  method  of  retention  of  labor  will  be  affected  by  the  size  of 
the  operation,  the  conditions  of  emplo3mient,  as  to  its  possible  future 
permanency,  the  opportunity  for  promotion,  and  the  general  working 
and  living  conditions. 

Employment  by  a  large  mining  operation  through  a  separate  employ- 
ment department  should  be  governed  by  definite  rules  and  methods. 
The  hiring  of  labor  should  be  governed  by  classification,  a  personal 
method  of  interview,  and  by  consideration  of  the  appropriate  working 
place,  and  other  conditions  that  will  aflfect  the  prospective  employee. 
The  emoloyment  and  the  retention  of  labor  are  affected  not  only  by 
question  of  wages  and  chance  of  promotion,  but  by  the  conditions  sur- 
rounding the  work  and  the  working  place,  and  those  connected  with 
living  opportunities.  No  aspect  of  the  method  of  retention  of  the  right 
kind  of  employee  is  more  important  than  that  which  concerns  the  living 
and  recreational  opportunities  offered  near  the  place  of  emplojrment. 
These  have  been  generally  treated  under  the  titles  of  Safety  Work  and 
Welfare  Work;  the  first  deals  with  the  place  and  conditions  of  the  em- 
ployment and  the  latter  with  the  place  and  conditions  of  living.  A  better 
knowledge  of  the  effect  of  these  considerations  on  labor  and  emplo3rment 
has  convinced,  without  exception,  every  one  of  those  employers  and 
employees  who  have  had  personal  experience  in  such  matters  that  an 
improved  condition  of  safety  adds  to  the  efficiency  of  a  mine  operation 
and  to  the  comfort  and  well-being  of  the  miner;  and  that  good  living 
conditions,  including  housing  and  educational  and  recreational  facih'ties, 
add  in  equal  measure  to  the  efficiency  of  the  mine  operation  and  to  the 
comfort  and  well-being  of  the  miner.  Both  of  these  so-called  activities 
tend  to  reduce  the  cost  of  production,  to  increase  the  earning  capacity  of 
the  employees,  and  to  make  for  the  more  permanent  retention  of  labor, 
and  consequently  the  preservation  of  a  higher  grade  of  labor. 

I  will  not  elaborate  now  on  the  effect  of  safe  practices  in  mining  on 
labor  employment,^  nor  on  the  effect  of  welfare  work  on  labor  employ- 
ment,^ as  my  views  on  these  subjects  have  been  given  in  previous  meetings. 
Other  subjects  connected  with  the  main  topic  of  labor  employment,  which 
I  hope  will  be  discussed  by  those  better  informed  respecting  their  details, 
are  the  methods  of  separation,  their  effect  on  the  reduction  of  labor  turn- 
over, and  the  necessity  and  wisdom  of  medical  and  health  examinations 
both  at  the  time  of  and  during  employment,  and  the  relation  of  this 
latter  inquiry  to  workmen's  compensation  costs,  which  latter  subject 
I  have  presented  in  detail  before  your  Section  of  the  International  Engi- 
neering Congress  in  San  Francisco  in  1915. 

The  question  of  separation  is  often  one  of  the  most  difficult  and  most 
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full  of  opportunity  for  misunderstanding.  When  either  the  business 
conditions  or  the  personality  of  the  employee  may  require  his  dismissal, 
it  is  necessary  to  decide  how  this  shall  be  done  in  such  manner  as  to 
make  clear  not  only  to  the  employee  but  to  his  associates  that  his  separa- 
tion is  necessary.  A  common  method  is  by  a  brusque  notice  of  discharge; 
a  better  way  would  be  by  giving  notice  of  one  or  more  weeks  prior  to 
compulsory  dismissal  or  by  a  personal  interview  with  an  opportunity 
for  voluntary  withdrawal  within  a  fixed  time. 

A  great  deal  of  important  and  constructive  work  has  been  done  toward 
the  solution  of  the  emolojrment  problem  by  a  hundred  of  the  larger 
mining  corporations  scattered  from  the  Atlantic  to  the  Pacific,  notable 
among  which  are  the  mining  subsidiaries  of  the  United  States  Steel  Cor- 
poration, the  Republic  Iron  &  Steel  Co.,  Nevada  Consolidated  Copper 
Co.,  Utah  Copper  Co.,  Cleveland  Cliffs  Iron  Mining  Co.,  New  Jersey  Zinc 
Co.,  and  the  Ellsworth  Collieries  Co.  In  like  manner,  among  the  smaller 
independent  mining  operations,  there  are  many  that  are  successfully 
handling  this  problem  through  the  personal  interest  of  the  owner  in  the 
well-being  of  his  employees.  In  this  latter  case  the  problem  takes  on 
the  older  paternal  aspect  of  the  subject,  wherein  the  owner  hves  at  his 
mining  operation  among  his  employees  and  takes  a  personal  interest  in 
them  and  in  their  family  affairs,  thereby  securing  to  them  better  living 
and  working  conditions,  and  engendering  a  better  spirit  of  friendly 
cooperation. 

The  most  pretentious,  and  I  think  the  most  successful,  recent  effort  to 
solve  this  problem  is  that  begun  three  years  ago  under  the  personal  direc- 
tion of  John  D.  Rockefeller,  Jr.,  after  the  labor  troubles  of  the  Colorado 
Fuel  &  Iron  Co.  This  effort  is  known  as  the  Colorado  Industrial  Plan,  and 
its  success  as  a  means  of  bringing  about  better  relations  between  employer 
and  employees  and  in  securing  more  permanent  .and  better  labor  em- 
ployment conditions,  appears  to  be  amply  testified  to  by  the  results  of  the 
past  three  years  of  successful  operation.  It  is  a  striking  example  of  the 
value  of  personal  friendly  conference,  through  the  agency  of  a  permanent 
establishment  for  the  settlement  of  employees'  troubles.  In  substance, 
it  consists  of  a  representafive  committee,  selected  by  the  miners  and  the 
owners,  that  meets  at  regular  intervals  to  hear  and  inquire  into  the  com- 
plaints of  employees  and  the  differences  between  employer  and  employee 
at  each  plant,  respecting  method  of  employment,  retention,  and  separa- 
tion. In  the  field  of  retention,  this  plan  has  adopted  a  most  liberal 
attitude  toward  safe  working  conditions  and  satisfactory  living  conditions. 
It  operates  through  conunittees  on  cooperation  and  consideration;  on 
safety  and  accidents;  on  sanitation,  health,  and  housing;  and  on  recreation 
and  education.  These  committees  have  accomplished  much  for  the 
betterment  of  the  working  and  living  conditions  of  the  miners  and  their 
families. 
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Use  of  Cripples  in  Industry 
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(New  York  Meeting,  February,  1010) 

Appalling  as  has  been  the  loss  of  life  in  the  last  51  months^  there  is 
one  slight  compensation:  no  longer  will  there  be  in  the  world  a  cripple,  in 
the  old  meaning  of  the  term.  Men  handicapped  by  wounds  or  diseasOi 
there  will  be,  unfortunately,  and  in  numbers  beyond  what  the  world  has 
known  since  the  wars  of  Napoleon;  but  neither  they  nor  the  industries 
from  which  they  were  called  ofif  to  war  will  be  "crippled"  in  the  sense 
in  which  both  would  have  been  had  mankind  not  learned  the  lesson  of 
conservation  and  come  to  understand  that  the  most  important  field  for 
such  conservation  is  not  in  the  forests  and  the  mines  but  among  men  and 
women. 

From  the  beginning  of  the  Great  War,  France,  Great  Britain,  Belgium, 
and  most  of  the  other  Allies  have  studied  the  problem  of  restoring  the 
soldiers  and  sailors  injured  through  war  to  physical  and  economic  effi- 
ciency; and  from  their  experiences,  especially  from  that  of  Canada,  the 
United  States  has  learned  much.  Consequently,  our  task  of  preparing 
for  the  return  of  our  disabled  men  has  been  easier  and,  in  some  ways,  more 
comprehensive  than  theirs.  Complex  as  are  the  details  of  the  machinery 
which  the  United  States  has  set  in  motion  to  take  care  of  the  men  injured 
by  wounds  or  disease,  the  plan  itself  is  simple.  Taught  by  European 
experience,  the  Surgeon-General  of  the  Army  and  the  Bureau  of  Medicine 
and  Surgery  of  the  Navy  have  provided,  on  both  sides  of  the  Atlantic, 
every  known  surgical  and  medical  facility  for  restoring  the  injured  or 
diseased  man  to  a  physical  condition  as  nearly  normal  as  possible.  While 
in  the  hospital  in  France  or  England,  o^  the  transport  coming  to  America, 
and  in  the  hospital  here,  the  disabled  man  is  incited  in  every  way  to 
believe  in  his  future  efficiency,  to  want  to  be  a  normal  worker,  to  desire 
to  retake  his  place  in  that  society  of  workers  from  which  he  went,  tempo- 
rarily, to  do  the  greater  work  of  preserving  civilization.  Furthermore, 
since  purposeful  occupation  is  now  regarded  as  an  essential  form  of 
treatment  with  most  men  in  the  hospital,  especially  in  the  convalescing 
stage,  many  of  these  men  will  have  been  actually  started  on  the  road  to 
earning  before  they  are  discharged  from  the  army  surgeon's  care. 

*  Vice-chairman,  Federal  Board  for  Vocational  Education. 


88  TJSB  OF  CRIPPLES  IN   INDUSTRY 

As  soon  as  it  is  decided  that  a  patient  is  ready  for  discharge  from  the 
hospital — and,  now  that  hostilities  have  ceased,  from  the  Army  and  Navy 
itself — ^his  case  is  certified  to  two  bodies:  the  War  Risk  Insurance  Bureau, 
which  is  to  determine  the  amount,  if  any,  of  his  compensation  under  the 
War  Risk  Act,  and  the  Federal  Board  for  Vocational  Education,  which 
stands  ready  to  help  him  to  get  back  into  employment  and,  if  he  needs  it, 
to  secure  a  preliminary  training  that  will  enable  him  to  make  the  most 
of  himself,  under  the  conditions  of  his  handicap,  in  that  employment. 

The  Federal  Board  has  no  authority  over  the  man  thus  placed  under 
its  care;  it  is  for  him  to  decide  whether  or  not  he  wishes  to  avail  himself 
of  the  help  that  the  Federal  Government  thus  offers.  But  if  he  chooses 
to  use  the  facilities  tendered  by  the  Board,  there  is  almost  no  limit, 
within  reason,  to  what  that  organization  may  undertake  for  him.  Its 
simplest  task  is,  of  course,  to  assist  him  in  getting  back  into  his  old 
employment;  but  if  he  has  ambition  to  get  something  better  or  if  it  is 
apparent  that,  by  training,  he  can  be  more  efficient  in  what  he  did  before, 
the  Board  has  authority  to  give  him,  at  Government  expense,  as  much 
education  as,  in  its  opinion,  it  is  worth  while  for  him  to  have.  Every 
endeavor  will  be  made  to  train  the  disabled  man  so  that  not  only  may 
his  handicap  be  overcome,  but  that  he  maybe  carried,  through  an  educa- 
tion perhaps  denied  to  him  before  going  to  war,  to  a  plane  of  efficiency 
which,  without  this  opportunity,  he  could  not  have  reached.  Experience 
in  other  countries  has  shown  that,  in  many  instances,  the  disabled  man 
is,  after  training  and  despite  his  handicap,  a  much  more  effective  man 
than  he  was  before  the  war. 

While  the  disabled  soldier  or  sailor  is  under  no  compulsion  to  take 
training,  there  are  certain  incentives,  besides  that  of  ambition,  which 
the  Government  puts  before  him.  If  he  desires  to  be  trained  and  the 
Federal  Board  believes  that  he  will  profit  by  it,  he  is  so  certified  to  the 
War  Risk  Insurance  Biu*eau,  which  at  once  classes  him  as  entitled,  during 
training,  to  the  compensation  provided  for  cases  of  temporary  total  dis- 
ability, and,  during  the  period  of  training,  makes  specified  allotments  to 
his  dependents,  should  he  have  them.  If  he  does  not  pursue  the  course 
of  training  with  due  diligence,  these  extra  compensations,  on  representa- 
tion of  the  Federal  Board,  may  be  withdrawn. 

Training  will  be  carried  on  in  public  and  private  schools  and  colleges 
and  in  industrial  plants  under  contracts  made  between  them  and  the 
Federal  Board.  The  period  of  training  will  be  determined  to  meet  the 
needs  of  each  case,  but  in  every  instance  the  disabled  man  is  to  be  re- 
garded as  a  special  problem  and  the  instructional  work  given  him  will 
be  fitted  to  his  needs.  It  will  be  attempted,  as  far  as  possible,  to  obtain 
for  him  a  position  in  advance  of  his  being  ready  for  it,  so  that  his  training 
may  be  focused  upon  a  specific  goal.  Should  it  prove,  after  employment, 
that  his  choice  was  unwise,  the  Board  has  authority  to  give  him  further 
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training  along  that,  or  some  new  line.  Moreover,  after  placement, 
whether  with  or  without  training,  the  Board  will  keep  closely  in  touch 
with  the  man  until  it  feels  certain  that  he  is  firmly  established  in  his 
industrial,  commercial,  or  professional  life. 

To  carry  out  the  duty  placed  on  it  by  Congress,  the  Federal  Board  has 
established,  or  is  establishing,  headquarters,  in  Washington  and  thirteen 
of  the  other  leading  cities  of  the  country.  As  far  as  possible,  the  disabled 
man  will  be  placed  and  trained  in  his  own  State  and  locaUty.  Every 
effort  wiU  be  made  to  put  him  into  occupations  that  are  growing,  and  so 
to  train  him  that,  when  hard  times  come  and  the  fervor  of  patriotism 
has  passed,  he  will  be  retained,  not  because  he  is  a  former  soldier  or 
sailor  but  because  he  is  a  workman  necessary  to  the  work.  Care  will 
be  taken,  moreover,  that  he  is  not  exploited  and  that  he  is  not  used  as  an 
instrument  to  disturb  the  labor  situation.  The  complicated  problems 
that  might  arise,  in  many  States,  in  connection  with  employer's  liability 
laws  will  not  come  up,  since  the  number  of  disabled  men  is  happily 
much  less  than  it  seemed  probable  that  the  United  States  would  have. 

The  comparative  smallness  of  the  problem  in  the  case  ol  men  injured 
in  the  pursuit  of  war  serves  but  to  emphasize  the  greatness  of  the  number 
of  men  and  women  injured  every  year  in  the  pursuit  of  the  activities  of 
peace.  By  the  hundreds  of  thousands  they  meet  with  accident  and  in- 
jury in  every  degree  and  form.  Heretofore,  most  of  these  injured  persons, 
80  far  as  their  economic  usefulness  is  concerned,  have  been  thrown  on  the 
dcrap-heap  of  society,  with  anguish  to  themselves  and  their  relatives, 
with  incalculable  loss  to  the  community.  The  war  has  taught  us  that  this 
waste  is  needless  and  wrong;  and  if  a  bill  now  before  the  Congress  becomes 
law,  the  Federal  Board  will  be  charged  with  providing,  in  cooperation 
with  the  several  States,  facilities  for  training  and  retraining  these  victims 
of  industry  along  the  same  general  lines  as  those  followed  with  the  victims 
of  war.  The  task  will  be  far  greater  than  in  the  case  of  the  disabled 
soldiers  and  sailors;  it  will  not  be,  as  with  them,  a  comparatively  tempo- 
rary responsibility.  It  will  go  on  forever,  as  long  as  there  are  machines, 
carelessness,  and  the  inevitable  lapses  in  human  minds  and  senses,  and 
the  problem  will  have  many  complications  that  do  not  arise  with  those 
disabled  in  war.  But  the  effects  of  rehabilitation  in  the  field  of  industry 
will  be  as  much  broader  in  their  final  results  as  the  scope  of  the  permanent 
and  normal  arts  of  peace  is  greater  than  that  of  the  temporary  and  ab- 
normal art  of  war. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preeented  in  peraon  at  the 
New  York  meeting.  February,  1919.  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor.  Aroerioan  institute  of  Mining  Engineers.  29  West 
39tb  Street.  New  York.  N.  Y.,  for  presentation  by  the  Serretary  or  other  representative  of  its  author. 
Unlets  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1919.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Need  for  Vocational  Schools  in  Mining  Communities 

BY  J.  C.  WEIGHT,*  U,  S.,  WASHINGTON,  D.  C. 
(New  York  Meeting.  February.  1919) 

A  PRACTICAL  program  of  education  for  workers  of  the  mining  industries 
is  being  formulated  by  the  Federal  Board  for  Vocational  Education  in 
cooperation  with  the  States  in  which  this  industry  is  a  dominant  one. 
The  Federal  Government  last  ye^r  passed  a  law,  known  as  the  Federal 
Vocational  Education  Act,  that  provides  for  the  promotion  of  vocational 
education  and  for  cooperation  with  the  States  in  the  promotion  of  such 
education  in  agriculture  and  trades  and  industries  and  in  the  preparation 
of  teachers  of  vocational  subjects. 

More  than  1,000,000  men  in  the  continental  United  States  are 
employed  in  mines  and  quarries.  The  following  table,  from  the  1910 
Census  Report,  shows  the  relative  importance  of  mining  and  manufac- 
turing pursuits: 

Manufaoturei  Minee  and  Quarries 

Employees 7,406,313  1,109,410 

Capital $18,428,269,706  $3,380,625,841 

Value  of  product $20,672,051,870  $1,238,410,322 

Of  the  more  than  1,000,000  men  employed  in  mining,  almost  three- 
fourths  are  engaged  in  the  production  of  bitaminous  and  anthracite 
coal;  one-fifth,  in  the  production  of  copper,  iron,  lead,  zinc,  and  other 
metals;  and  the  remainder  in  getting  out  structural  and  miscellaneous 
materials  from  quarries.  The  meeting  of  the  needs  of  the  coal-mining 
iodustry,  therefore,  is  the  problem  of  greatest  importance  in  the  point 
of  numbers  to  be  served.  Moreover,  the  dangers  in  coal  mining  are 
greater  than  in  metal  mining. 

Praclically  all  States  have  set  up  educational  and  technical  standards 
for  the  position  of  foreman,  boss,  superintendent,  etc.,  and  every  applicant 
for  these  positions  must  have  a  certificate  of  competency.  The  quali- 
fications, too,  are  becoming  increasingly  difilcult  in  the  field  of  technical 
information.  In  some  States,  every  miner  must  have  a  certificate, 
which  is  issued  by  the  mine  examining  board  only  after  an  oral 
examination. 

*  Special  Agent,  Federal  Board  for  Vocational  Education. 
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Did  these  State  laws  not  call  for  definite  and  comprehensive  plans  for 
the  vocational  education  of  men  in  the  mining  regions,  the  conditions 
under  which  coal  and  the  metals  are  today  brought  out  of  the  ground 
and  made  ready  for  the  market  would  of  themselves  demand  systematic 
practical  training  for  those  engaged  in  such  large  and  increasing  numbers 
in  this  important  industry.  Furthermore,  since  mines  and  smelteries  are 
often  distant  from  other  industries  and  civic  organizations,  the  respon- 
sibility of  employers  for  the  welfare  of  their  employees  is  greater  than 
in  most  other  industries;  by  the  nature  of  the  enterprise,  they  must 
assume  many  of  the  burdens  of  public  education  and  social  betterment. 

Previous  to  the  present  war,  an  increasing  number  of  non-English- 
speaking  men  were  migrating  to  mining  comminities.  These  were 
often  experienced  miners  from  Europe  but  were  unable  to  read,  write,  or 
speak  the  English  language.  Preliminary  and  fundamental  to  vocational 
training,  therefore,  in  many  mining  communities,  is  an  effective  course  of 
instruction  in  the  speaking  and  reading  of  English.  In  most  mining 
districts,  this  need  is  understood  and  is  beginning  to  be  met  by  the  public 
schools  or  by  classes  established  by  the  employers.  In  far  fewer  in- 
stances, however,  is  it  realized  that  the  good  of  the  community,  as  well 
as  the  welfare  of  the  industry,  calls  also  for  evening  classes,  part-time 
classes,  and,  in  some  cases,  day  schools  designed  to  give  all  employees 
sufficient  technical  knowledge  to  insure  their  own  safety  and  that  of  their 
fellow-employees,  and  to  provide,  for  the  more  ambitious  boys  and  men, 
opportunities  to  fit  themselves  for  State  examinations,  or  to  advance 
themselves  in  other  ways. 

The  usual  State  school  of  mines  is  organized,  very  properly,  as  an 
engineering  institution  to  train  leaders  in  the  industry.  The  course  of 
study  requires  for  entrance  the  completion  of  a  four-year  high-school 
course.  Few  of  those  employed  in  or  about  the  mines,  however,  have 
even  entered  high  school.  Statistics  for  the  State  of  Illinois  show 
that,  for  every  1000  men,  251  had  completed  the  fifth  grade,  680  left 
school  between  the  sixth  and  eighth  grades,  and  69  had  completed  more 
than  the  eighth  grade. 

A  few  State  schools  have  been  organized  as  miners'  institutes  and 
have  offered  courses  of  less  than  college  grade.  For  example,  the  Illinois 
Miners  and  Mechanics  Institute,  as  a  means  of  offering  to  ambitious 
men  an  opportunity  to  prepare  themselves  for  passing  State  examinations 
for  mine  inspector,  mine  manager,  mine  examiner,  and  operating  engineer, 
offers:  A  two-year  course  of  systematic  instruction  at  mining  centers; 
unit  courses  in  mining  towns;  short  course  at  the  university;  codpera- 
tion  with  existing  organizations,  such  as  the  State  Mining  Board  and 
inspectors,  the  Mine  Rescue  Station  Commission,  officials  and  locals  of 
the  United  Mine  Workers,  the  United  States  Bureau  of  Mines,  high 
schools  and  grade  schools,  libraries  in  mining  towns,  first-aid  or  other 
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local  organizations,  and  the  Y.  M.  C.  A.;  also,  as  special  activities, 
organization  of  local  institutes,  question  and  answer  department,  travel- 
ing libraries,  laboratory  equipment,  etc.,  work  for  non-English-speaking 
miners,  correspondence  courses. 

Owing  to  the  failure  of  the  necessary  appropriation,  this  excellent 
work  is  suspended;  and  while  other  States  are  doing  excellent  work  in 
this  field,  their  efforts  are  sporadic,  uncertain,  and  not  coordinate.  It 
would  seem,  then,  that  this  field  invites  the  cooperation  of  the  Federal 
Government  with  the  mining  States  and  their  local  communities  to 
promote  methods  of  vocational  education  that  will  make  better  workmen, 
a  more  certain  source  of  supply  for  positions  of  responsibility,  and  greater 
stability  in  the  personnel  of  the  working  forces  in  the  mines.  Such 
cooperation  is  now  possible  under  the  terms  of  the  Vocational  Education 
Act. 

The  Federal  Board  is  already  cooperating  with  certain  States  in 
making  surveys  of  typical  industries.  During  the  past  year  the  agent 
for  trade  and  industrial  education  in  the  West  Central  States  held  a 
number  of  conferences  in  mining  communities  with  mine  superintendents, 
foremen,  and  employees  in  an  attempt  to  discover  the  kinds  of  schools 
and  the  type  of  instruction  that  the  Federal  Board  might  approve  for 
vocational  schools. 

Under  the  terms  of  the  Federal  Act,  three  kinds  of  vocational  schools 
may  be  organized: 

The  All-day  School  is  intended  to  give  to  those  who  have  not  yet 
entered  employment  instruction  that  will  enable  them  to  receive  advanced 
standing  when  they  enter  an  industrial  occupation.  Pupils  must  be 
over  14  jrr.  of  age  and  the  school  day  must  cover  not  less  than  6  hr., 
three  of  which  must  be  in  work  on  a  useful  and  productive  basis.  The 
all-day  school  organized  in  cities  of  over  25,000  presupposes  that  the 
pupil  has  selected  a  single  trade  for  which  he  seeks  entrance  preparation. 
In  cities  under  25,000,  and  it  is  only  with  these  smaller  communities 
that  mining  is  concerned,  the  length  of  the  term  may  be  shortened  and 
the  course  of  study  varied  so  that  several  kinds  of  shop  work  may  be 
included. 

The  Part-time  School  is  organized  for  not  less  than  144  hr.  per  year 
and  for  pupils  over  14  yr.  of  age.  Instruction  may  be  such  as  to  in- 
crease the  general  civic  or  vocational  intelligence  of  the  pupils.  Part- 
time  schools  for  those  who  have  entered  employment  may  give  trade 
preparatory,  trade  extension,  or  general  continuation-school  instruction. 

The  Evening  School  receives  only  pupils  over  16  yr.  of  age  and  offers 
courses  that  supplement  the  daily  employment  of  the  individual. 

These  schools  may  be  organized  to  meet  the  needs  of  those  employed 
in  and  about  mines  in  underground  occupations  as  trappers,  muckers, 
tifflbermen,  roadmen,  diggers,  etc.    The  occupations  above  ground  do 


94 


NEED  FOR  VOCATIONAL  SCHOOLS   IN   MINING   COMMUNITIES 


not  differ  greatly  from  corresponding  occupations  in  other  forms  of 
industry. 

A  thorough  study  of  the  mining  industry  is  needed  to  analyze  the 
occupations,  specify  the  operations  that  the  individual  must  perform, 
list  the  technical  information  the  individual  must  possess  as  an  efficient 
workman,  and  prepare  a  coarse  of  study.  As  a  result  of  the  preliminary 
investigations  already  made,  schools  are  being  organized  in  the  States  of 
Oklahoma,  Colorado  and  New  Mexico.  Reports  from  States  in  other 
regions  indicate  that  similar  schools  are  under  way  in  Idaho,  Nevada, 
West  Virginia,  Pennsylvania,  etc.  During  the  coming  year,  it  is  hoped 
greatly  to  extend  the  work. 

The  problem  before  the  Federal  and  State  Boards  is  one  that  requires 
the  cooperation  of  the  local  community,  employer  and  employee,  and 
various  mine  organizations  such  as  the  American  Institute  of  Mining 
Engineers,  the  American  Federation  of  Labor,  etc.  This  preliminary 
statement  is  made  to  stimulate  discussion  among  those  immediately 
concerned  and  to  secure  their  suggestions  and  their  active  interest. 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  revision] 


Oxygen  and  Sulphur  in  the  Melting  of  Copper  Cathodes — ^The  Rela- 
tion of  Sulphur  to  the  OverpoUng  of  Copper 

Diacussion  of  the  papers  of  Stanislaus  Skowronski,  presented  at  the  Milwaukee 
meeting,  October,  1918,  and  printed  in  BvUeHn  No.  135,  March,  1918,  pp.  645 
and  651. 

Gwilliam  H.  Clamer*  (Philadelphia,  Pa.). — Sulphur  is  not  so 
detrimental  in  its  effect  if  oxygen  is  also  present,  so  that  in  sulphur-carry- 
ing bronzes  and  brasses,  it  is  advantageous  to  maintain  a  certain  percent- 
age of  oxygen.  As  a  matter  of  fact,  it  would  be  possible  sometimes  to 
correct  difficulties  by  actually  adding  oxygen.  If  the  cathodes  were 
charged  directly  into  an  electric  furnace  in  a  neutral  or  reducing  atmos- 
phere, a  very  high  grade  of  copper  would  result  by  a  simple  melting  opera- 
tion. This  would  very  largely  eliminate  the  loss  occasioned  by  melting 
in  a  reverberatory  furnace.  In  such  a  furnace  a  large  amount  of  slag 
is  produced  during  the  oxidizing  stage  of  refining.  Notwithstanding 
the  fact  that  melting  in  an  electric  furnace  might  be  somewhat  more  ex- 
pensive than  melting  in  a  fuel  furnace,  the  ultimate  result  would  be  a 
saving  and  the  production  of  a  very  high  grade  of  copper. 


Notes  on  Babbitt  and  Babbitted  Bearings 

l^iscuaaion  of  the  paper  of  Jebsb  L.  Jones,  presented  at  the  Milwaukee  meeting, 
October,  1918,  and  printed  in  Bulletin  No.  140,  August,  1918,  p.  1395. 

GwiLLiAM  H.  Clamer  (Philadelphia,  Pa.). — About  16,000  tons  of  tin 
is  used  annually  in  the  production  of  white  metals.  The  real  reason 
for  using  the  so-called  genuine  babbitt,  which  is  a  high-tin  base  babbitt, 
perhaps  in  the  majority  of  cases,  is  that  tin  has  always  been  a  high-priced 
metal  and  people  naturally  believe  that  what  they  pay  a  high  price 
for  must  be  good.  Mr.  Jones  has  shown  that  the  common  metal,  lead, 
is  a  superior  base  for  most  purposes  for  which  babbitt  metal  is  used. 
Tlie  addition  of  lead  is  often  looked  upon  as  adulterant  to  genuine  babbitt, 
and  specifications  for  this  reason  rigidly  restrict  the  lead  content. 

A  sub-committee  of  the  Society  for  Testing  Materials,  at  the  meeting 
in  June,  presented  tentative  specifications  on  babbitt  metal,  in  which  were 
included  twelve  formulas,  containing  from  zero  to  20  per  cent,  of  tin, 

and- several  containing  from  65  and  92  per  cent.    Babbitts  containing 

■■■  ■  "»■ 

•  Firet  Vice-president  and  Secretary,  Ajax  Metal  Co. 
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from  21  to  64  per  cent,  of  tin  soften  at  slightly  elevated  temperatures,  and 
so  are  not  as  good  as  the  babbitt  metals  that  are  strictly  of  lead  base  and 
which  carry  but  a  small  percentage  of  tin.  However,  these  intermediate 
babbitts  can  be  cast  in  very  thin  sections,  owing  to  their  low  melting 
point.  Experience  has  now  proved  that  the  very  best  kind  of  bearing 
is  one  having  a  bronze  back  and  a  very  thin  lining  of  babbitt,  and  the 
thinner  the  better.  Babbitt  metals  with  a  fairly  high  melting  point 
must  be  cast  rather  heavy  and  afterward  machined  out;  there  is  a  possi- 
bility that  these  intermediate  babbitts  might  be  cast  thin  enough  to  avoid 
the  necessity  for  boring  and  then  gotten  down  to  a  fine  bearing  surface 
by  simply  reaming  or  bobbing. 

Jesse  L.  Jones. — It  is  not  altogether  a  question  of  the  desire  to 
use  a  high-priced  material,  for  its  fluidity  has  a  lot  to  do  with  the  adapta- 
bility of  a  babbitt.  Tin-base  babbitts  are  quite  fluid  and  you  can  cover 
a  large  area  with  a  rather  thin  lining.  The  viscosity  of  a  lead-base  bab- 
bitt at  the  pouring  temperature  is  such  that  it  requires  skill  to  pour  a 
thin  lining  into  a  bearing  that  has  very  much  of  an  area.  But  if  a  lead- 
base  babbitt  is  highly  refined,  fluid,  and  properly  poured  by  trained  men, 
you  can  get  a  good  solid  lining,  free  from  blowholes,  and  in  every  way 
equal  to  the  tin-base  babbitt  lining.  The  necessary  care  and  supervision 
are  well  repaid  on  account  of  the  difference  in  price  between  the  lead-base 
and  the  tin-base  babbitt. 

So  far  Dr.  Frary's  alloy  of  lead,  hardened  with  barium  and  calcium, 
has  not  proved  very  practical.  With  bearings  of  considerable  area,  the 
alloy  must  be  poured  in  sections  of  about  J^^  in.  (12.7  mm.)  in  order  to 
get  it  to  run,  and  the  oxidation  loss  is  considerable.  If  the  temperature 
is  kept  down  to  avoid  the  oxidation  loss,  there  is  lack  of  fluidity.  Of 
course,  by  reducing  the  amoimt  of  barium  and  calcimn,  the  fluidity  is 
increased,  but  you  do  not  get  the  hardness,  and  it  is  necessary  to  have 
the  hardness  also.  The  first  samples  submitted  were  of  about  16.5 
Brinnell  hardness  as  cast,  and  hardened,  in  a  few  weeks,  to  about  19 
or  20.  We  asked  for  material  of  higher  Brinnell  hardness  but  it  proved 
too  sluggish  to  run  into  thin  linings. 


Volatility  of  Constituents  of  Brass 

Disousaion  of  the  paper  of  John  Johnston,  presented  at  the  Milwaukee  meeting, 
October,  1918,  and  printed  in  the  Journal  of  the  American  InatUtUe  of  Metals, 
Vol.  XII,  No.  1,  March,  1918. 

J.   W.   Richards*  (South   Bethlehem,  Pa.). — ^The  brass  industry 
would  find  it  very  profitable  to  subsidize  researches  on  the  purely  scien- 

*  Professor  of  Metallurgy,  Lehigh  University. 
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tific  determination  of  the  thermophysical  properties  of  the  brasses.  The 
data  we  need  most  in  connection  with  the  brasses  are  the  vapor  tension 
of  the  zinc  from  the  brasses  at  different  temperatures,  the  heat  of  combi- 
nation of  zinc  with  copper  to  form  different  kinds  of  brasses,  and  the 
latent  heat  of  fusion  of  these  brasses  at  the  melting  temperature. 

It  is  thermodynamically  possible  to  take  the  formula  for  the  vapor 
tension  of  zinc  and  calculate  from  it  the  vapor  tension  of  the  zinc  from  the 
brasses,  if  we  know  the  heat  of  combination.  The  work  done  in  volatil- 
izing zinc  alone  is  well  known,  the  thermodynamic  work  of  separating 
it  from  the  copper  is  known  for  only  one  alloy,  the  52  per  cent,  zinc  alloy. 
It  should  be  known  for  all  the  brasses.  Then  we  could  calculate  the  va- 
por tension  of  zinc  from  all  the  brasses  in  the  liquid  state  as  exactly 
as  we  know  the  vapor  tension  of  zinc.  If  we  know  the  latent  heat  of  fu- 
sion of  the  brasses  at  the  melting  point,  since  the  vapor  tension  of  zinc 
from  the  solid  brass  at  the  melting  point  is  the  same  as  that  from  liquid 
brass,  we  can  use  that  data  for  transforming  the  equation  so  as  to 
give  us  the  equation  for  the  vapor  tension  of  zinc  from  the  soUd  brass, 
with  mathematical  certainty;  also,  we  could  in  this  way  get  the  vapor 
tension  of  the  zinc  from  the  solid  brasses  down  as  low  as  we  want  to 
evaluate  the  formula — even  to  the  ordinary  temperature,  as  a  matter  of 
scientific  curiosity. 


Pure  Carbon-free  Manganese  and  Manganese  Copper 

Discusaion  of  the  paper  of  Abthxtr  F.  Braid,  presented  at  the  Milwaukee  meeting, 
October,  1918,  and  printed  in  BvUetin  No.  143,  November,  1918,  p.  1697. 

W.  H.  Bassett,*  Waterbury,  Conn. — Manganese  should  not  be 
expected  to  remedy  all  the  defects  that  are  due  to  poor  melting  practice. 
It  is  undoubtedly  valuable  in  helping  to  eliminate  porosity  in  many 
of  the  alloys.  In  the  copper-nickel  alloys,  its  use  is  becoming  almost 
universal,  for,  beside  helping  to  make  sound  castings,  it  tends  to  hold 
thje  carbon  in  solution  in  the  solidified  alloy. 

GwiLLiAM  H.  CLAMER,t  Philadelphia,  Pa. — I  have  found  that 
manganese  copper  is  satisfactory  for  eliminating  sulfur  and  that  it  works 
very  well  in  the  crucible  and  when  you  have  reducing  conditions;  but 
in  a  large  reverberatory  charge,  where  the  conditions  are  oxidizing, 
we  were  not  able  to  eliminate  the  sulfur. 


*  The  American  Brass  Co. 

f  First  Vice-president  and  Secretary,  Ajax  Metal  Co. 
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Low-temperature  Distillation  of  Illinois  and  Indiana  Coals 

Discussion  of  the  paper  of  G.  W.  Traer,  presented  at  the  Milwaukee  meeting, 
October,  1918,  and  printed  in  BuUeiin  No.  141,  September,  1918,  pp.  1463  to 
1470. 

G.  W.  Traer  (author's  reply  to  discussion*). — Prof.  Parr's  dis- 
cussion develops  two  points,  upon  which  it  seems  desirable  to  comment. 
First,  as  to  putting  through  a  large  enough  tonnage  to  secure  economic 
operation.  At  each  manipulation  of  each  oven  1500  lb.  (680  k^.)  of 
coal  will  be  charged  and  the  resultant  coke  discharged  from  a  like  amount 
of  coal.  Sixteen  slabs  will  be  discharged  at  each  manipulation,  each  ap- 
proximately 5}i  in.  by  11  in.  by  6  ft.  (14  cm.  by  28  cm.  by  1.8m.).  The 
operating  schedule  of  a  commercial  plant,  based  upon  our  observations 
and  calculations,  indicates  a  "through  put"  of  at  least  12  tons  of  coal 
per  day  for  each  oven.  We  have  made  these  figures  conservatively 
and  feel  confident  of  materially  exceeding  them  in  a  fully  developed 
operating  system.  Our  oven  plant,  with  containers,  will  not  cost  as 
much  as  high-temperature  plants  of  the  same  capacity.  They -do  not 
require  container  equipment;  but  this  is  much  more  than  offset  by  the 
cost  of  the  great  basal  heat  regenerative  flues.  Our  operating  require- 
ments are  quite  susceptible  to  the  application  of  mechanical  devices 
and  we  believe  our  labor  cost  will  be  well  within  the  necessary  limit. 

Second,  as  to  Fig.  1  in  my  paper,  showing  the  specific  gravity  of  the 
tar.  It  was  not  intended  to  show  that  the  specific  gravity  of  the  tar 
rises  with  decreasing  heat,  since  of  course  the  contrary  is  the  fact.  One 
of  the  curves  shows  the  relation  between  temperature  and  specific 
gravity  and  the  other  the  relation  between  temperature  and  yield. 
Our  consulting  engineer  prepared  the  chart  according  to  his  customary 
method  for  showing  two  dimensions. 


An  Interpretation  of  the  So-called  Paraffin  Dirt  of  the 

Gulf  Coast  Oil  Fields 

Discussion  of  the  paper  of  Albert  D.  Brokaw,  presented  at  the  Colorado  meeting, 
September,  1918,  and  printed  in  Bulletin  No.  136,  1918,  pp.  947  to  950. 

Eugene  Wesley  SHAW,t  Washington,  D.  C.  (written  discussion^). — 
ParaflSn  earth  is  of  especial  interest  because  of  the  apparent  diflSculty 
of  determining  its  chemical  nature.  I  have  submitted  specimens  to  three 
chemists  at  different  times  with  suggestions  as  to  special  tests  that  might 
be  made.    The  results  are  indicated  in  the  following  reports: 


*  Received  Nov.  25,  1918.    t  U-  S.  Geological  Survey.     %  Received  Nov.  8,"  1918. 
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"The  material  contains  a  small  amount  of  a  faintly  yellowish,  waxy 
substance  apparently  of  paraffin  order.  It  also  contains  much  anhydrous 
silica.  From  the  dried  material  only  0.8  per  cent,  of  soluble  silica  could 
be  extracted."^ 

"The  amount  of  material  was  very  small  and  the  waxy  material 
extracted  from  it,  only  a  minute  trace,  was  too  small  for  a  very  satis- 
factory examination.  It  proves,  however,  to  be  soluble  in  boiling  absolute 
alcohol,  but  to  precipitate  out  on  cooling.  On  treatment  with  sulphuric 
acid  only  part  of  it  was  destroyed,  the  remaining  particles  having  the 
appearance  of  paraffin  wax.  You  are  justified,  therefore,  in  the  conclu- 
sion that  this  is  paraffin  wax  and  not  the  solid  fatty  acid.  The  material 
is  entirely  insoluble  in  caustic  alkalis."* 

The  analysis'  of  the  third  set  of  samples  is  as  follows: 


Sample  No.  1 


Sample  No.  2 


Water  at  130* 

Loss  on  ignition  ahove  130^ 

SiO, 


FeA 

A1|0|,  etc. 

CaO 

MgO 


KK) 

Na,0 

Combined  carbon 

SOi  soluble  in  5  per  cent.  NaOH. . . 

Organic  matter  soluble  in  gasolene . . 


55.46 
13.38 
21.33 
1.73 
6.09 
0.36 
0.31 
0.77 
0.20 
3.13 
0.92 

0.01 


56.71 
12.73 
21.20 
1.67 
5.86 
0.43 
0.47 


Does    not 
water. 


form    suspension    in 


Sample  No.  1  was  collected  by  H.  E.  Minor,  who  suggests  a  reaction  involving 
hydrogen  sulfide  and  yielding  colloidal  silica. 

Sample  No.  2  was  collected  by  Alexander  Deussen,  who  suspects  that  the  substance 
is  mainly  colloidal  silica  but  contains  a  hydrocarbon  akin  to  ozokerite. 

According  to  the  reports  of  David  T.  Day,  who  made  the  examina- 
tion for  the  Bureau  of  Mines,  and  that  of  Chase  Palmer,  paraffin  earth 
really  contains  paraffin;  on  the  other  hand,  Wells  and  Minor  report  none. 
Xone  of  them  seems  to  have  found  much  colloidal  silica.  Ries,  according 
to  Woodruff,*  reports  that  the  paraffin  earth  is  a  hydrous  aluminum 
silicate.    Udden,  according  to  Wrather,*  concludes  that  it  is  dopplerilx 


'  Chase  Pahner:  U.  S.  Geol.  Sur.,  July  10,  1916. 

*  Report  of  the  Director  of  the  Bureau  of  Mines  to  the  Director  of  the  U.  S. 
Geological  Survey,  Sept.  23,  1916. 

*  Made  by  R.  C.  Wells,  of  the  U.  S.  Geological  Survey.     Reported  Mar.  21,  1917. 
*ErG.  Woodruff:  Discussion.    BuU.  No.  139  (July,  1918),  1153. 

*  W.  E.  Wrather:  Discussion.    BvU.  No.  139  (July,  1918),  1161. 
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or  phytocollite  which  contains  neither  aluminum  nor  silica.  Consider- 
able quantities  of  the  natural  jelly  are  obtainable  and  the  difficulty  in  its 
identification  or  even  of  determining  its  general  chemical  character 
is  indeed  remarkable.  Our  most  convincing  line  of  argument  seems  to 
be  that  any  substance  whose  chemical  constitution  cannot  be  determined 
from  good-sized  specimens  must  be  humus. 

That  the  substance  is  real  admits  of  no  argument  even  if  there  is 
disagreement  in  the  reports  of  chemists  and  apparent  difficulty  in  its 
isolation.  That  it  is  characteristic  of  the  low  Coastal  Plain  salt-dome 
country,  if  not  confined  to  it,  seems  also  satisfactorily  established.  That 
it  is  not  dopplerite  (composed  of  carbon,  hydrogen,  and  oxygen  in  the 
proportions  of  about  10 :  12 : 5)  or  any  other  recognized  hydrocarbon 
compound,  seems  evident  from  the  chemical  tests.  That  specimens 
from  different  localities  are  similar  is  true  so  far  as  known.  Whether  or 
not  it  consists  largely  or  in  part  of  colloidal  silica  produced  by  the  action 
of  gas,  as  suggested  by  Alexander  Deussen,*  seems  to  be  still  a  question, 
as  does  also  the  suggestion  by  H.  E.  Minor^  that  H^S  may  be  an  essential 
factor.  Minor*  reports  as  follows  concerning  one  specimen :  "  It  is  practi- 
cally insoluble  in  benzine,  chloroform,  alcohol,  or  benzol;  however,  it  is 
almost  wholly  soluble  in  nitric  acid  and  yields  a  residue  of  carbon  with 
sulphuric  acid.  Upon  distillation  a  thick  reddish-brown  fluid  of  offensive 
odor  is  obtained.  In  a  slide  made  from  the  purest  of  the  ''paraffin"  (a 
colorless,  transparent,  jelly-like  mass)  magnified  500  times,  small  rod-like 
objects  are  seen  resembling  bacteria.'' 

In  a  later  letter  he  writes,  concerning  a  sample  from  New  Iberia:  "I 
found  the  sample  to  be  literally  alive  with  very  small  worms  resembling 
earth  worms,  but  much  smaller  in  size.  These  worms  died  immediately 
upon  exposure  to  the  air,  showing  that  in  all  probability  they  are  anae- 
robic in  nature.  Upon  puncturing  the  skin,  it  is  seen  that  they  secrete  a 
large  amount  of  sticky  gelatinous  substance.  I  do  not  wish  to  advance 
the  idea  that  these  worms  are  responsible  for  the  formation  of  paraffin 
earth,  as  this  may  be  only  a  local  occurrence,  but  nevertheless  it  is  of 
interest." 

Paraffin,  as  Brokaw  remarks,  is  said  to  have  been  found  in  peat; 
but  even  if  paraffin  is,  under  certain  conditions,  formed  at  the  surface, 
it  is  safe  to  say  that  much  of  that  which  has  been  observed  at  the  surface 
has  migrated  from  considerable  depth.  Hence  the  occurrence  of  any 
paraffin,  except  marsh  gas,  at  the  surface  is  not  valueless  in  oil  prospect- 
ing. On  the  other  hand,  neither  true  paraffin  nor  paraffin  earth  can  be 
regarded  as  a  strong  indication  of  oil. 

As  Kennedy*  says,  paraffin  earth  occurs  both  in  oil  fields  and  elsewhere. 

*  Letter  to  writer.     ^  Oral  communication.     *  Letter  to  writer. 

•  WiUiam  Kennedy:  Diacussion.    BuU,  No.  139  (July,  1918),  1146. 
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At  least  it  is  found  in  many  places  where  oil  has  not  yet  been  discovered, 
aS)  for  example,  in  parts  of  Terrebonne  Parish;  La.  Wrather^^  notes  that 
sulfurous  gases  and  considerable  exposure  to  the  air  (lack  of  prolonged 
submergence)  seem  to  be  requisite  and  Woodruff^^  says  that  the  substance 
"is  not  found  where  the  surface  strata  are  sand  or  very  sandy  clay." 
It  seems  to  me  that  it  will  be  well  worth  the  cost  to  publish  both  labora- 
tory and  field  observations  such  as  these  by  Brokaw,  Wrather  and  others, 
for  more  advancement  has  resulted  in  understanding  this  mysterious  sub- 
stance since  last  April  (the  date  of  Brokaw's  paper)  than  in  all  the  pre- 
ceding years  that  paraffin  earth  has  been  known.  Further,  it  seems  to 
me  probable,  from  the  data  now  available,  that  it  will  be  found  that  the 
substance  develops  under  certain  peculiar  conditions  only  and  that  it  is 
of  more  definite  or  restricted  chemical  composition  than  humus  or  peat, 
or  "peat  substance." 


The  Constitution  of  the  Tin  Bronzes 

Discussion  of  the  paper  of  Samuel  L.  Hott,  presented  at  the  Milwaukee  meeting, 
October,  1918,  and  printed  in  BvUetin  No.  144,  December,  1918,  pp.  1721  to  1727. 

C.  H.  BiERBAUM,*  Buffalo,  N.  Y. — I  agree  with  Dr.  Merica  that  the 
eutectoid  has  a  distinct  effect  upon  the  alloy  and  also  that,  as  yet, 
it  is  difficult  to  say  at  just  what  point  this  eutectoid  occurs  or  the  con- 
ditions under  which  it  appears;  that  is,  the  percentages  of  copper,  tin, 
zinc,  lead,  and  the  other  elements  together  with  the  temperature  of 
pouring  and  the  rate  of  cooling  that  is  necessary;  all  seem  to  have  a 
contributing  effect.  Some  authorities,  Law  for  instance,  gives  it  as  9 
per  cent,  of  tin,  yet  under  certain  conditions  I  have  found  it  with  a  lower 
percentage  of  tin  to  copper  contents  than  that.  The  hard  delta  and  the 
soft  alpha  crystals  are  both  necessary  for  a  bearing  alloy;  the  one  supple- 
ments the  other. 

I  am  not  inclined  to  think  that  phosphorus  has  any  effect  upon  the 
eutectoid  forming.  The  phosphide,  PCus,  forms  in  and  around  the 
delta  but  is  and  remains  distinct  and  separated  from  it.  Etching  with 
ferric  chloride  and  then  with  nitric  acid  shows  this  very  distinctly; 
it  darkens  the  eutectoid  and  the  other  parts  and  leaves  the  phosphide 
bright.  The  rate  of  cooling  determines  the  size  of  the  crystals  and  the 
eutectoid  together  with  their  distribution  and  orientation.  It  is  possible 
to  chill  the  alloy  to  such  an  extent  where  no  eutectoid  appears.  I  think 
it  has  been  positively  demonstrated  that  only  an  alpha  and  a  beta  appear 
when  this  copper-tin  alloy  has  been  poured  between  two  polished  ingots 


"  W.  E.  Wrather;  Diacussion.    BuU.  No.  139  (July,  1918),  1148-1152. 
"  E.  G.  Woodruff:  Idem,  1163. 
*  Lumen  Beiaring  Co. 
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of  copper  and  taking  the  exact  point,  as  far  as  it  would  flow,  almost  a 
knife-edge,  this  very  point  after  etching  showed  only  an  alpha  and  a 
beta  as  far  as  it  showed  anything;  we  found  no  sign  of  a  delta.  If  the 
very  edge  or  point  of  this  alloy,  cooled  in  this  manner,  is  etched  with 
either  ferric  chloride  or  with  ammonia  the  surfaces  show  an  entirely  dif- 
ferent structure.  In  the  one  case  the  high  copper  is  obtained  and  in  the 
other  the  high  tin  formation;  in  the  one  case  there  is  a  distinct  crystalline 
formation,  and  in  the  other  an  almost  amorphous  condition.  It  becomes 
simply  a  question  which  reagent  has  been  used  for  the  etching. 

The  subject  of  bearings  is  ordinarily  taken  up  from  one  point  of  view, 
that  is,  in  considering  the  alloy  only.  The  alloy  used  for  a  bearing  should 
always  be  considered  in  conjunction  with  the  corresponding  bearing 
member,  its  composition  and  its  hardness.  If  the  steel  journal  is  hard 
enough  to  receive  the  eutectoid  crystal  of  the  bronze,  the  bearing  will 
be  improved  by  it.  On  the  other  hand,  if  the  steel  is  not  hard  enough 
the  bearing  will  not  be  improved  by  the  presence  of  the  eutectoid. 

S.  L.  HoYT  (author's  reply  to  discussion*). — ^The  example  cited,  by 
Dr.  Merica,  of  the  importance,  to  the  technical  man,  of  the  present  in- 
vestigation is  extremely  interesting  and  may  lead  others  to  pursue 
the  work  even  further  than  the  writer  has  been  able  to.  As  to  the  occur- 
rence of  the  so-called  8  constituent  in  the  bronze  mentioned.  Dr.  Brin- 
ton  and  the  writer  have  shown  that  the  addition  of  zinc  increases 
the  magnitude  of  the  upper  heat  effect  so  that,  undoubtedly,  5  would  be 
found  in  greater  quantities  in  the  ternary  alloys  than  in  the  pure  copper- 
tin  alloys.  Presumably  its  tendency  to  form  the  undesirable  envelopes 
would  likewise  increase.  A  heat  treatment  to  overcome  the  formation 
of  6  as  envelopes,  which  might  well  be  tried  in  technical  practice, 
would  be  to  quench  from  above  the  upper  critical  point  and  reheat  to 
some  lower  temperature  to  produce  the  desired  physical  properties. 


*  Received  Nov.  22,  1918. 
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The  Action  of  Reducing  Gases  on  Hot  Solid  Copper 

Discussion  of  the  paper  of  Nobman  B.  Pillinq,  presented  at  the  Milwaukee  meeting, 
October,  1918,  and  printed  in  BuUetin  No.  142,  October,  1918,  pp.  1567  to  1580. 

W.  H.  Bassett,*  Waterbury,  Conn,  (written  discussion  f). — The 
effect  of  reducing  gases  on  hot  solid  copper  has  been  known  for  many 
years  in  the  copper  industry,  and.  precautions  taken  to  guard  against 
it  in  the  general  practice  in  copper  heating  and  annealing.  In  view  of 
the  statement  that  Bengough  and  Hill,  in  1910,  were  the  first  to  suggest 
the  possibility  of  the  formation  of  gas  within  the  copper  itself,  it  is  in- 
teresting to  note  that  in  Harper^s  Magazine  for  April,  1904,  an  article, 
"Life  and  Diseases  of  Metals, ''  by  Professor  Heyn,  illustrated  the  effect 
of  reducing  gases  on  copper  by  a  photograph,  which  is  shown  in  Fig.  1. 
This  he  entitled  "Copper  burst  asunder  by  disease. " 

After  referring  to  the  effect  of  hydrogen  on  steel,  he  makes  the  following 
remark: 

"Similar  symptoms  of  poisoning,  caused  by  hydrogen  or  gases  containing  hydrogen 
(as  gas  for  lighting  purposes),  are  apparent  in  copper  when  exposed  to  red  heat.     Not 
every  kind  of  copper  is  susceptible  to  this  poisoning  in  equal  degree.     Copper  per- 
fectly free  of  cuprous  oxide  is  entirely  exempt  from  poisoning.     Most  of  the  various 
coppers  of  commerce,  however,  contain  cuprous  oxide,  formed  during  the  smelting 
I         process  while  exposed   to   atmospheric  influences.     In   such   coppers,   containing 
I        cuprous  oxide,  hydrogen  causes  a  terrible  disease  on  the  copper  being  heated  red  hot. 
The  copper  bursts  asunder  and  is  permeated  by  cracks.     This  disease  is  practically 
:        incurable  and  can  be  eradicated  by  resmelting  only.     The  results  work  destructively 
according  to  the  amount  of  cuprous  oxide  contained  in  the  copper.'' 

It  must  have  been  evident  to  Professor  Heyn,  as  it  was  to  us  on  read- 
ing this  article,  that  the  bursting  asunder  of  the  copper  was  due  to  the 
I  formation  of  steam.  Practical  copper  heaters  have  known  for  many 
years  that  it  was  quite  possible  to  produce  blisters,  or  large  gas  holes, 
in  the  interior  of  copper  plates  or  bars  by  heating  to  a  high  temperature 
in  reducing  gases.  These  facts,  of  course,  do  not  detract  from  the  value 
of  the  study  of  the  action  of  hydrogen  gas  that  has  been  made  by  Mr. 
Pilling,  but  simply  illustrate  that  the  practical  effect  of  reducing  gases 
on  tumace-refined  copper  has  long  been  a  troublesome  factor  in  the  heat- 
ing or  annealing  of  that  metal. 

It  would  be  very  interesting  to  know  what  Mr.  Pilling  means  by 
"coDunercial-conductivity"  copper,  since  the  usual  terms  under  which 
copper  is  specified  are  electrolytic  or  lake  copper;  the  lake  being  divided 


•  Technical  Superintendent  and  Metallurgist,  The  American  Brass  Co. 
t  Received  Nov.  27,  1918. 
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into  two  grades  known  as  low-resistance,  or  high-conductivity,  and 
high-resistance,  or  low-conductivity  copper.  The  electrolytic  and  low- 
resistance  lake  copper  are  both  non-arsenical. 

The  lead  figure  given  is  somewhat  surprising,  because  copper  with 
0.15  per  cent,  lead  could  be  hot  rolled  only  with  great  difficulty.  This 
amount  of  lead  would  result  in  the  serious  cracking  of  edges  in  plates 
and  cross  cracking  in  rods.  Ordinarily  good  electrolytic  or  lake  copper 
does  not  carry  more  than  0.001  or  0.002  per  cent,  of  lead. 

We  cannot  quite  agree  with  the  author  that  oxygen  normally  occurs 
mechanically  mixed  with  metallic  copper  in  the  form  of  CujO.  Furnace- 
refined  copper,  whether  cast  or  wrought,  is  usually  thought  of  as  an  alloy 
of  copper  with  cuprous  oxide,  and  the  eutectic  of  copper  with  cuprous 
oxide  is  usually  found  between  the  crystals  of  pure  copper,  whether 
in  the  cast  or  the  wrought  form.  It  is  true  that  there  may  be  inclosures 
of  eutectic  within  the  grains  of  pure  copper,  particularly  in  the  wrought 
material,  but  there  is  strong  evidence  for  believing  it  occurs  mainly 
between  the  grains.  This  is  indicated  in  Figs.  2  and  3,  which  show  the 
surface  of  wrought  copper,  in  which  the  grains  are  strongly  outlined, 
or  parted,  and  where  the  spots  resulting  from  reduction  of  suboxide  in 
eutectic  appear  more  frequently  on  the  grain  boundaries  than  elsewhere. 
This  condition  is  also  shown  in  Figs.  4  and  5,  which  show  a  cross-section 
of  a  rectangular  bar  of  copper,  where  the  grains  are  separated  in  the 
deoxidized  part  and  the  deoxidized  part  is  partly  separated  from  the  mass 
of  the  material,  probably  because  it  occupies  a  larger  volume  than  it 
originally  did.  The  effects  of  rolling  material  of  this  kind  where  the 
grains  have  been  separated  by  deoxidation  are  shown  in  Fig.  6. 

The  effect  of  various  gases  on  refined  copper  is  shown  in  a  series  of 
four  micrographs  of  copper  that  has  been  heated  to  800®  C.  The  first, 
Fig.  7,  shows  the  effect  of  hydrogen  on  refined  copper;  the  second,  Fig.  8, 
the  want  of  effect  of  hydrogen  on  copper  that  has  been  deoxidized  by 
boron-suboxide;  the  third.  Fig.  9,  the  effect  of  carbon  dioxide  on  refined 
strip  copper;  and  the  fourth,  Fig.  10,  the  effect  of  nitrogen  on  similar 
material.  The  larger  the  amoimt  of  oxygen,  the  greater  is  the  effect 
of  reducing  gases.  For  instance,  two  lots  of  strip  copper  that  had  been 
taken  from  bars  coming  from  the  same  furnace  charge,  one  containing 
0.094  per  cent,  of  oxygen  and  the  other  0.015  per  cent,  of  oxygen,  were 
reduced  in  tensile  strength  by  annealing  for  1  hr.  in  an  atmosphere 
of  illuminating  gas  at  600®  C.  the  amounts  here  shown. 


Sample 

Orifdnal  Tensile 

Strength, 
Lb.  per  Sq.  In. 

Tensile  Strength 
After  Gassing, 
Lb.  per  Sq.  In. 

Original  Elongation 

in  2  In., 

Per  Cent. 

EloDjration  After 
Gassing, 
Per  Cent. 

L-1 

34,000 
33,500 

24,350 
28,150 

36.5 
38.0 

13.0 

L-Il 

26.3 
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This  indicates  a  reduction  of  28.3  and  16  per  cent.,  respec- 
tively, in  tensile  strength;  and  64  and  44  per  cent.,  respectively,  in 
elongation. 

The  presence  of  arsenic  apparently  protects  copper  from  the  action 
of  reducing  gases  to  some  extent,  while  the  presence  of  nickel  has  the 


Plate  II. — Etc  hi 


opposite  effect.  The  rate  of  penetration  by  reducing  gases  docs  not. 
.seem  to  be  greatly  affected  by  the  amount  of  oxygen  alloy  present, 
as  may  be  noted  from  Fig.  II,  which  gives  the  depth  of  penetration 
of  both  hard  and  annealed  copper  rods  0.364  in,  in  diameter  for  1  hr. 
heating  at  various  temperatures  in  an  atmosphere  of  illuminating  gas. 
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The  Effect  of  Oxygen  upon  the  Precipitation  of  Metals  from  Cyanide 

Solutions 

Discuasioii  of  the  pai>er  of  T.  B.  Cbowb,  presented  at  the  Colorado  meeting,  Septem- 
ber, 1918,  and  printed  in  BvXLf^n  No.  140,  August,  1918,  p.  1279. 

Louis  D.  Mills,  San  Francisco,  Cal.  (written  discussion*). — The 
principle  involved  in  the  Crowe  vacuum  precipitation  process  is  so 
elementary  and  the  apparatus  required  is  so  simple,  that  the  whole 
subject  affords  scant  material  for  a  technical  discussion.  As  one  promi- 
nent Colorado  metallurgist  recently  remarked  when  asked  to  contribute 
to  this  paper:  "The  Crowe  process  is  the  biggest  step  forward  since 
the  early  days  of  the  cyanide  process,  but  there  is  nothing  to  write  about; 
just  put  it  in  your  mill  and  try  it."  The  writer  confesses  to  a  similar 
feeling,  but  having  been  closely  identified  with  the  process  since  its  in- 
ception in  1916,  he  is  perhaps  in  a  position  to  at  least  comment  on  the 
theory  involved  and  to  record  some  of  the  results  that  have  been  achieved 
in  actual  practise. 

In  practising  the  Crowe  process,  the  solutions  to  be  precipitated  are 
first  vacuumized  in  a  suitable  dispersion  tower;  that  is,  thin  films  of  the 
liquid  are  subject  to  the  action  of  a  vacuum  within  a  receiver.    Sub- 

•  Received  Nov.  12,  1918. 
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stantially  all  of  the  dissolved  air  is  thus  removed  through  the  vacuum 
pump,  and  the  treated  solution  is  sent  to  precipitation  without  further 
opportunity  for  re-absorption  of  air.  The  time  of  contact  required  is 
short  and  the  amount  of  power  consumed  is  very  small.  A  receiver  6 
ft.  (1.8  m.)  in  diameter  by  12  ft.  long  handles  upward  of  3000  tons  of 
solution  in  24  hr.  or  600  gal.  (1892  1.)  per  min.,  with  a  consumption  of 
under  1  hp.  No  supervision  is  required  other  than  to  insure  the  proper 
operation  of  the  small  vacuum  pimip  and  motor,  the  flow  of  solution 
being  entirely  automatic. 

The  actual  precipitation  of  the  metals  may  be  accompUshed  by  any 
of  the  well-known  methods,  as,  for  instance,  in  zinc  shavings  boxes  or 
by  the  use  of  powdered  precipitants,  such  as  zinc,  aluminum,  or  charcoal, 
as  in  the  Merrill  process.  The  writer  agrees  with  Mr.  Crowe,  that  the 
true  precipitating  or  reducing  agent  is  invariably  nascent  hydrogen. 
This  hydrogen  is  probably  evolved  first  by  the  dissolution  of  the  pre- 
cipitant in  caustic  alkaU  and  the  reaction  continues  as  long  as  fresh 
precipitant  is  exposed  to  thie  solvent.  A  portion  of  the  hydrogen  evolved 
by  this  dissolution  is  lost,  as  far  as  the  operation  of  precipitation  is 
concerned,  by  combining  with  the  oxygen  of  the  dissolved  air  contained 
in  all  cyanide  solutions. 

The  amount  of  dissolved  oxygen  in  such  solutions  depends  upon  the 
pressure  and  agitation  to  which  the  solutions  have  been  subjected. 
Contact  with  reducing  minerals  of  the  ore  tends  to  rob  the  solution  of 
its  oxygen,  but,  to  insure  maximum  dissolution  of  the  precious  metals, 
the  oxygen  content  is  kept  as  near  as  possible  to  the  saturation  point. 
The  solubility  of  oxygen  in  cyanide  solutions  varies  inversely  with  the 
temperature,  being,  relatively  much  greater  in  cold  solutions  than  in  warm 
solutions.  This  explains  the  well-recognized  advantages  of  wanning 
cyanide  sdiutions  during  cold  weather. 

The  oxygen  contents  of  normal  treatment  solutions  varies  from  4  to 
8  mg.  per  Uter,  and  6  mg.  may  be  taken  as  an  average  figure.^  The 
usual  equations  show  that  6  mg.  of  oxygen  per  Uter  are  equivalent  to* 

0.012  lb.  of  oxygen  per  ton  of  solution. 

0.049  lb.  of  zinc  per  ton  of  solution. 

0.195  lb.  of  potassium  cyanide  per  ton  of  solution. 

0.150  lb.  of  sodium  cyanide  per  ton  of  solution. 

Thus  it  is  evident  that  in  precipitating  a  solution  containing  in  excess 
of  0.20  lb.  KCy  or  0.15  lb.  NaCy  sufficient  zinc  must  be  wastefully  dis- 

*  W.  A.  Caldecott:  Chemistry  of  Banket  Ore  Treatment,  in  "A  Text  Book  of 
Rand  Metallurgical  Practice,''  by  Ralph  Stokes  and  Others.  1,  385.  London, 
1912,  C.  Griffin  A  Co.,  Ltd. 

*  H.  A.  White :  The  Estimation  of  Oxygen  in  Working  Cyanide  Solutions.  Jnl. 
Chem.,  Met.  and  Min.  Soc.  S.  A.  (Jime,  1918)  18,  No.  12,  296. 
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solved  to  satisfy  the  dissolved  oxygen  present,  the  ultimate  product  being 
the  double  salt  Na2  Zn  Cy^,  and  the  quantities  entering  into  the  reaction 
being  0.012  lb.  of  oxygen,  0.049  lb.  of  zinc  and  0.150  lb.  of  sodium  cyanide, 
respectively.  The  removal  of  this  oxygen  prior  to  precipitation  should 
therefore  reduce  the  consumptions  of  zinc  and  cyanide  by  the  foregoing 
amounts,  and  it  is  of  interest  to  note  that  this  exact  result  has  been 
found  in  the  application  of  the  Crowe  process. 

At  the  Belmont  mill  in  Tonopah  the  chemical  consumptions  prior 
'  to  the  installation  of  the  vacuxun  process  were  as  follows:  Zn,  0.772 
oz.  per  fine  ounce  of  silver  recovered;  NaCy,  2.850  lb.  per  ton  ore  milled. 
After  installing  the  vacuum  process,  the  figures  became:  Zn,  0.650  oz. 
per  fine  ounce  silver  recovered,  which  corresponds  to  a  saving  of  0.14 
lb.  per  ton  ore  milled;  at  the  same  time  the  cyanide  consumption  was  re- 
duced to  NaCy,  2.40  lb.  per  ton  ore  milled,  or  a  saving  of  0.45  lb.  per 
ton  ore  milled. 

Since  at  this  plant  the  ratio  of  solution  precipitated  to  ore  milled  is 
very  close  to  3:1,  the  actual  reductions  per  ton  of  solution  precipitated, 
namely  0.046  Zn  and  0.15  NaCy,  are  practically  identical  with  the 
theoretical  figures. 

Considered  from  an  economic  standpoint  and  remembering  that  zinc 
and  sodium  cyanide  are  at  present  worth  approximately  $0.15  per  lb. 
and  $0.30  per  lb.,  respectively,  the  foregoing  figures  furnish  a  convincing 
illustration  of  the  value  of  the  Crowe  process,  the  saving  in  chemicals 
alone  being  in  excess  of  $0.15  per  ton  of  ore  milled. 


The  Condensation  of  Zinc  from  Its  Vapor 

DiscusBLon  of  the  paper  of  C.  H.  Fulton,  presented  at  the  Colorado  meeting,  Sep- 
tember, 1918,  and  printed  in  BuLleHn  No.  140,  August,  1918,  p.  1375. 

Charles  H.  Fulton  (author's  reply  to  discussion*). — Mr.  E.  E. 
Thum  is  kind  enough  to  point  out  an  apparent  discrepancy  between 
the  conclusions  drawn  from  experiments  and  the  results  of  those  experi- 
ments. It  is  stated  on  page  1383  that  carbon  dioxide  in  excess  of  1 
per  cent,  is  not  foimd  in  the  gases  above  the  carbon  reduction  temperature 
(of  zinc  oxide).  This  statement  refers  to  such  temperatures  as  occur  in 
ordinary  zinc  distillation  and  is  not  meant  to  include  temperatures  above 
1350°  C,  and  it  should  have  been  so  stated  in  the  original  paper.  When 
the  temperature  of  the  distilling  chamber  reached  1400°  and  above, 
it  was  noted  that  the  amount  of  carbon  dioxide  in  the  gases  increased. 
This  cannot  be  explained  by  the  eqiiilibrium  of  the  reaction  2C0?=tC0j  + 
C,  aijd  in  seeking  reasons  for  the  discrepancy,  the  experiments  of  Meyer 

♦  Received  Nov.  29,  1918. 
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and  Langer,  cited  in  the  original  paper,  were  found.  These  exi>eriments 
were  carried  out  for  the  purpose  of  studying  decomposition  of  gases 
at  high  temperature  and  the  determination  of  molecular  weights.  The 
temperatures  were  attained  in  a  platinum  tube,  proved  tight  by  experi- 
ment. The  paper  states  that  at  1200°  C.  carbon  monoxide  remains 
unchanged,  but  that  at  1690°  C.  there  was  a  partial  decomposition  into 
carbon  dioxide  and  carbon.  Carbon  dioxide  at  this  high  temperature 
showed  traces  only  of  decomposition.  According  to  Nernst  and  von 
Wartenberg,  the  decomposition  is  into  carbon  monoxide  and  oxygen.^     * 

These  results  offer  an  explanation  for  the  increase  of  carbon  dioxide 
in  the  distillation  gases  produced  at  high  temperatures.  The  analysis 
of  the  gas,  of  course,  is  made  after  it  has  passed  from  the  point  of  origin 
in  the  high  temperatiire  region,  throiigh  the  region  of  intermediate 
temperature,  to  the  point  of  sampling.  What  happens  in  the  interval 
between  origin  and  sampling  is  not  known,  and  the  gas  analysis  reveals 
only  the  final  result.  It  is  perfectly  possible  that  instead  of  2C0t? 
CO2  +  C  reversing  itself  at  the  high  temperature  and  proceeding  from 
left  to  right,  the  carbon  monoxide  is  partly  dissociated  into  carbon  and 
oxygen  and  then  that,  as  the  gas  passes  to  cooler  regions,  the  oxygen 
unites  with  carbon  monoxide  with  the  consequent  production  of  carbon 
dioxide.  The  fact  remains  that  when  the  temperature  of  distillation 
is  high  at  the  end  increased  quantities  of  carbon  dioxide  appear. 

The  tightness  of  the  quartz  and  porcelain  tubes  used  was  tested  as 
follows:  The  middle  portion  of  the  tube  was  heated  to  a  maximum  normal 
distilling  temperature  of  1350°  C.  in  the  electric  furnace,  the  atmosphere 
around  the  outside  of  the  tubes  being  essentially  one  of  carbon  monoxide 
due  to  the  nature  of  the  electric  furnace.  Purified  nitrogen  gas  was  then 
passed  through  the  tube;  this  was  carefully  analyzed  before  entrance 
and  after  passage  through  the  tubes,  and  no  change  in  gas  composition 
was  noted.  Whether  the  tubes  are  tight  at  1500°  C,  I  am  unable  to  say. 
The  high  temperatures  of  1400  to  1500°  C.  were  not  the  normal  tem- 
peratures worked  with  and  were  reached  only  occasionally  at  the  very 
end  of  the  distillation  and  then  prevailed  for  very  short  periods  of  time. 
The  use  of  thermo-couples  for  the  high  temperatures,  in  reducing  atmos- 
pheres, particularly  when  zinc  vapor  is  present,  presents  serious  dif- 
ficulties. In  the  highest  temperatures  measured  in  the  experimental 
work  detailed  in  the  paper,  the  hot  junction  end  of  the  couple  was  in 
each  case  destroyed  and  the  couple  had  to  be  shortened  and  recalibrated 
before  it  could  be  used  again. 


^  W.  Nernst  and  H.  von  Wartenberg:  Die  Dissociation  von  Wasserdampf.      Zeit, 
far  Phys.  Chem,  (1906)  56,  534. 
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INDUSTRIAL  SECTION 

This  department  is  devoted  to  material  concerning  the  products  or  operations 
of  manufacturers,  which,  in  the  estimation  of  the  Editor,  is  of  news  value  to  the 
mining  and  metallurgical  field,  but  does  not  come  within  the  scope  of  the  main 
editorial  section  of  the  Bulletin. 

Manufacturers  are  invited  to  submit  to  the  Editor  items  descriptive  of  new 
equipment  or  processes,  laim  or  significant  installations,  and  similar  material 
of  news  character.  If  found  available,  items  thus  furnished  will  be  published  in 
this  section  without  charge,  subject  to  such  editorial  revision  and  condensation 
as  may  be  necessary. 

In  cases  where  illustrations  are  required,  cuts  of  the  proper  sise  should 
accompany  the  text  matter. 


TTPES  OF  SASH  TO  BS  USED  IN  A  MONITOR 

The  use  of  sash  in  monitor  construction  pre-supposes  a  building  of  the  foundry 
or  forge-shop  tvpe  in  which  the  ventilating  proDlem  lb  the  removal  of  heat  or 
gases,  a  "hot  building"  as  it  is  sometimes  caUed.  To  secure  the  maximum 
amount  of  ventilation  in  buildings  of  this  type,  usually,  it  is  possible  to  follow 
certain  fundamental  principles  with  some  fair  degree  of  consistency.  In  the 
removal  of  gases  from  ouildings  by  the  natural  or  gravity  method,  the  only  forces 
at  work  are  those  working  in  the  chimney;  and  they  are  governed  by  the  same 
laws  as  those  of  the  chimney.  In  applying  these  laws  to  such  buildings  as  forge 
shops  and  foundries,  the  following  points  are  of  great  importance: 

1.  The  column  of  hot  air  should  be  made  as  nigh  as  possible  by  elevating  the 
roof  as  far  as  practical. 

2.  The  gases  should  leave  at  the  greatest  possible  height  and  the  roof  should 
be  designed  to  give  the  greatest  freedom  of  exit. 

3.  The  gases  should  enter  at  the  lowest  point  of  the  building  (near  the  floor) 
and  the  intake  should  be  as  free  as  possible. 

4.  The  side  walls  of  the  building  should  be  normally  closed  between  the  intake 
and  the  exit  so  as  to  prevent  cross  draft  and  interference  with  the  floor  gases. 

5.  The  source  of  heat,  such  as  furnaces  and  molding  floors,  should  be  placed, 
in  so  far  as  practical,  directly  beneath  the  open  monitor  so  as  to  give  the  greatest 
power  to  rising  gases. 

Fenestra  Monitor  sash  provide  the  maximum  lighting,  ventilation,  and 
weather  protection  required  by  architects  and  engineers.  They  may  be  designed 
to  run  between  columns  or  past  columns  the  entire  length  of  the  building,  thus 
giving  a  continuous  weather-tight  area  of  glass  with  ventilators  controlled  by 
mechanical  operating  devices  in  continuous  lines  of  almost  anv  length.  When 
desired,  the  operator  may  be  connected  to  an  electric  control  ana  the  sash  opened 
by  the  pressing  of  a  button  on  the  mo^dng  of  a  switch.  All  sash  are  made  from 
solid,  roUednstoel  bars.  Particular  attention  has  been  given  to  the  assembling 
of  the  sash  and  to  the  joining  of  the  various  units  with  a  view  to  securing  maxi- 
mum strength  and  rigidity. 
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TRADS  CATALOGS 

(Under  this  heading  will  be  listed  such  catalogs  or  other  adver- 
tising literature  as  may  be  received  during  the  preceding  month. 
Contributors  should  address  their  material  to  Engineering 
Societies'  Library,  29  West  39th  St.,  New  York.) 

Gem  Stopper  Co.    Philadelphia,  Pa. 

Bulletin  No.  8.    Universal  acid  carboy  stoppers,  asbestos  gaskets,  and- metal 
fasteners.    1918. 

General  Fire  Extinguisher  Co.    Providence,  R.  I. 

The  Grinnell  sypho-chemical  sprinkler  system.    Descriptive  booklet.     1917. 

Hires  Turner  Glass  Co.    Philadelphia,  Pa. 
Bulletin  No.  2.    Wire  Glass  and  Why. 

Jeffrey  Mfg.  Co.    Columbus,  Ohio. 

Bulletin  No.  246.    Jeffrey  pit-car  loader. 

Jones  &  Lamson  Machine  Co.    Springfield,  Vt. 

The  Fay  automatic  lathe;  a  machine  for  the  automatic  turning  of  work  held 
on  centers  or  on  centered  arbors.     1918. 

LuiTWiELER  Pumping  Engine  Co.    Rochester,  N.  Y. 

Illustrations  and  descriptions  of  non-pulsating  power  pumps. 

SypHO-CHEMicAL  SPRINKLER  CORPORATION.    New  York,  N.  Y. 
The  combination  of  a  S3r8tem  and  a  service.     1916. 
Service  of  protection.     1916. 


The  Scottish  shale  industry  is  now  annually  yielding  70,000  gal.  of 
oil  and  60,000  tons  of  ammonia. 

It  was  recently  stated  in  Parliament  that  up  to  July,  1918,  Great 
Britain  had  paid  £47,000,000  to  iron  and  steel  manufacturers  in  sub- 
sidies since  the  war  began. 

According  to  a  report  of  the  U.  S.  Geological  Survey,  domestic  mines 
shipped  136,554  gross  tons  of  ore  containing  more  than  36  per  cent, 
of  manganese  in  the  first  6  mo.  of  1918. 

'  Earl  Curzon  has  declared  that  the  Allied  cause  was  "  floated  to  victory 
on  a  wave  of  oil,"  because  if  it  had  not  been  for  the  great  fleets  of  motor 
trucks  the  war  could  not  have  been  won.  In  the  last  18  mo.  of  the  war, 
the  Allied  Petroleum  Council  dealt  with  13,000,000  tons  of  oil.  In 
December,  1916,  the  oil  situation  was  critical;  stocks  were  so  depleted 
that  the  British  fleet  was  obliged  to  restrict  operations.  But  by  trans- 
porting 1,000,000  tons  of  oil  in  the  double  bottoms  of  ordinary  cargo 
vessels,  the  stocks  of  oil  in  Allied  countries,  when  the  armistice  was  signed, 
had  been  brought  up  to  a  point  of  absolute  safety. 
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MINERAL  RESOURCES 

(Except  Petroleum  and  Qas.    See  also  Mining  Geology  and  Mining  Practice.) 


ANTIMONY,  naphite.  nickel,  potash,  stron- 
tium, tin.  E.  e.  Boalich  and  W.  O.  Castello, 
California  State  Min.  Bur.  Preliminary  R^- 
port  No.  6  (Mar.,  1018)  6-44.     38  p. 

AQUEOUS  and  igneous  rocks.  8ci.  A  AH  of 
Min.  (Nov.  2.  1918)  S9   107-8.     800  w. 

ASBESTOS,  ohromite,  graphite,  magnesite,  mica, 
and  molybdenite  in  Quebec.  Min.  A  Sci. 
Pr.  (Nov.  9,  1918)  117,  626-7.  2200  w. 
Notes  from  Annual  Report  for  1917  of  T.  C. 
Denis,  Provincial  Superintendent  of  Mines. 

AUSTRALIAN  tin  industry  is  encouraged.     Iron 
Tr.  Ro9.  (Nov.  21,  1918)  6S,  1182.     300  w. 

BELCHER  Islands,  Discovery  and  exploration 
of  the.  R.  J.  Flaherty,  Canad.  Min.  Jnl, 
(Nov.  1,  1918)  89,  369-72.  3600  w.  From 
Oeol.  JI«t.,  June,  1918,  Abs. 

CARBONIFEROUS  deposits  in  provinces  of 
Pallasca,  Huaylas  and  Yungay.  J.  M. 
Yanea  Leon.  Yacimientos carboniferos  de  las 
provineias  de  Pallasca,  Huaylas  y  Yungay. 
Bol.  Cuerpo  Ingen.  de  Minas  Peru  (1918) 
No.  90,  8-86. 

CHROME  and  manganese  in  Cuba.     Min.  A 
8ei.  Pr.  (Nov.  9,   1918)   117,  628.     600  w. 
From  U.  S.  Geol.  Sur.  Bull.  380,  Sept.,  1918, 
Abs. 

CHROME  scandal.  Min.  A  Sci.  Pr.  (Nov.  2, 
1918)  117,  684.     700  w. 

CHROMITE  and  manganese.  Edit.  Min.  A 
Sci.  Pr.  (Nov.  23,  1918)  117,  678-9.    900  w. 

CHROMITE  situation.  Min.  Cong.  Jnl.  (Nov., 
1918)  4,  416-7.     900  w. 

COAL  and  iron  resources  of  Chattanooga  Dis- 
trict.    E.  M.  Jones,  Paper  presented  before 
Am.  Electrochem.  Soc.  No.  21  (May  1,  1918) 
163-4.     600  w. 

COPPER  deposits  of  Caucasus.  Ru9na  (Oct., 
Nov.,  1918)  t,  11-13.     1200  w. 

COPPER  distribution  in  Mexico.  Min.  A  Sci. 
Pr.  (Nov.  16,  1918)  117,  668.     300  w. 

COPPER,  Production  of,  is  to  be  maintained. 
BUet.  Wld.  (Nov.  23,  1918)  71,  1006.     200  w. 
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GERMANY  losing  grip  on  iaon  and  steel  sources 
Canad.  Foundryman  (Oct..  1918)  9,  266-6 
1200  w. 

GOLD  district  of  Venesuela.  H.  H.  Miller.  Min. 
A  Sci.  Pr.  (Nov.  iB,  1918)  117, 661-3.  1800  v. 

GOLD  mining,  Crisis  in.  South  Afr.  Min.  Jnl. 
(Sept.  28,  1918)  SS,  46.     600  w. 

GOLD  problem.  W.  de  L.  Benedict,  If  in.  A  Sci. 
Pr.  (Nov.  16,  1918)  117,  650.  600  w. 
Letter. 

GOLD  problem.  Solution  of.  South  Afr.  Min. 
Jnl.  (Sept.  14,  1918)  SS.  3.     600  w. 

GOLD  producer.  Help  for.  Edit.  Chem.  A 
Met.  Engng.  (Nov.  1,  1918)  19,  660.     500  w. 

GOLD  production  national  question.  Edit. 
Min.  Cong.  Jnl.  (Nov.,  1918)  4, 412.     400  w. 

GOLD  production.  Suggested  stimulation  of. 
Queensland  Govt.  Min.  Jnl.  (Sept.  16,  1918) 
19,  415.     700  w. 

GOLD  question.  W.  R.  Ingalls,  Engng.  A  Min. 
Jnl.  (Nov.  23,  1918)  106,  907-8.  1000  w. 
Letter. 

GOLD  question  in  America.  Sottth  Afr.  Min. 
Jnl.  (Sept.  14.  1918)  SS,  7-8.     1800  w. 

GOLD  sUndard.  W.  Karri-Davies,  JIf  in.  A  Sd. 
Pr.  (Nov.  9,  1918)  117,  617-8.  1300  w. 
Letter. 

GOLD  will  come  back.  Edit.  Min.  Cong.  JnL 
(Nov.,  1918)  4,  409.     500  w. 

IRON  and  coal  in  the  Ukraine.  Iron  A  Coal  Tr. 
Bet.  (Nov.  1,  1918)  97,  490.    800  w. 

IRON,  Future  of.  Iron  A  Coal  Tr.  Rev.  (Oct. 
25.  1918)  97,  463.     600  w. 

IRON,  Future  of.  trade.  G.  Carrington.  Iron  A 
Steel  Tr.  Jnl.  (Oct.  26.  1918)  459-60.  2500 
w.  Address  delivered  by  President  of  8t«f- 
fordshire  Iron  A  Steel  Inst.,  Oct.  19,  1018. 

IRON  ore  in  1917.  Steel  A  Metal  Digeat  (Nov.. 
1918)  S,  63^-40.     1200  w. 

IRON  ore  resources  of  Brasil.  E.  C.  Harder. 
Lefax  (Oct.,  1918)  S,  66-6.  1000  w.  From 
Bull.  A.  L  M.  E.,  Sept.,  1918. 
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"BULLDOG" 

Hollow  and  Solid 

MINING  AND  ROCK  DRILL  STEEL 

THE  STANDARD  EVERYWHERE 

* 

Prompt  Deliveries  on  the  Largest  Orders. 
All  Sizes  and  Sections  from  Stock. 

"BULLDOG"  Made-up  Drills  are  Unequalled 


mw  SBHB  rOft  PUCX  U8T.  -«> 
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WORKSt 

ROCKAWAY.  N.  J. 
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OFFICE! 
99  NASSAU  ST.,  NEW  YORK 
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.  IRON  ore  Buppliefl  of  Alasce  Lorraine.  8.  Paige, 
Jr<m  Age  (Nor.  7,  1918)  lOt,  1149-50.  2000 
w.     From  Bull.  A.  I.  M.  E.,  8ept.,  1918. 

LIMCSTONE  resources  of  the  Union.  Geol. 
Sur.  Mtnnoir  No.  iX.  Union  of  South  Afr. 
(1918)  1-122. 

MANGANESE.  Ariz.  Min.  Jul.  (Nov.,  1918) 
S,  13-5.  4000  w.  ExtracU  from  Bvll.  by 
M.  A.  Allen  and  G.  M.  Butler,  Aris.  Bur.  of 
Mines. 

MANGANESE.  WaUr  A  Gom  Ret.  (Oot.,  1918) 
S9,  14-6,  25(K>  w.  Serial.  Investigations 
by  U.S.  Geol. 'Sur. 

MANGANESE  deposits  in  Colorado  River  re- 

Sion.     Salt  Lake  Min.  Bet.  (Oct.  30,  1918) 
0.  23-4.     1600  w;   (Nov.  15,  1918)  SO.  30. 
1200  w.     Serial. 

MANGANESE  deposite  near  Lake  Creek,  Ore- 

fon.     Enong.  A  Min.  Jnl.  (Nov.  16,  1918) 
Oe,  872-3.     1400  w. 

MANGANESE  in  California.  Chem.  A  Met. 
Engng.  (Nov.  15,  1918)  19,  702.     800  w. 

MANGANESE  in  Utah.  Min.  A  Sci.  Pr.  (Nov. 
2,  1918)  117,  602.     400  w. 

MANGANESE  near  Green  River,  UUh.  Ertgng 
A  Min.  Jnl.  (Nov.  23. 1918)  106, 908.    500  w. 

MANGANESE  ores  of  Tintic.  SaU  Lake  Min. 
Ret.  (Oct.  30,  1918)  SO,  30.     1500  w. 

MARBLE  and  granite  industry  in  Venice  Dis- 
trict. Jnl.  Royal  Soc.  of  Arts  (Nov.  1, 
1918)  66,  773-4.     500  w. 

MAYER,  Big  operations  at.  F.  W.  Bower. 
SaU  Lake  Min.  Ret.  (Oct.  30,  1918)  SO,  26. 
1000  w. 

METALLURGICAL,  chemical  and  electro- 
chemical resources  of  Chattanooga  District. 
T.  P.  Maynard,  Paper  before  Am.  Electro- 
chem.  Soc.  No.  22  (May  1,  1918)  157-61. 
1000  w. 

MINERAL  industry  in  Burma.  •  Engng.  A  Min. 
Jnl.  (Nov.  16.  1918)  106  877.  700  w. 
Abe.  of  an  article  by  Sir  Harvey  Adamson  in 
Bull.  Imp.  Inst. 

MINERAL  production  of  Canadian  Yukon. 
Aloe.  A  Northw.  Min,  Jnl,  (Oct.,  1918)  IS, 
74-6.     1000  w. 

MINERAL  resources,  Development  of,  will  now 
be  speeded  up.  Edit.  Canad.  Min.  Jnl, 
(Nov.  16,  1918)  S9,  381-2.     700  w. 

MINERAL  resources  of  Alabama.  E.  A.  Smith. 
Paper  presented  before  Am.  Electrochem. 
Soe.  No.  23  (May  3,  1918)  163-7.     1000  w. 

MINERALS.  Cry  for  help  from  Russia.  R.  C. 
Martens.  Ruaeia  (Oct.,  Nov..  1918)  t, 
35-6.     500  w. 

MOLYBDENITE  near  Falcon  Lake,  Manitoba. 
Engng.  A  Min.  Jnl.  (Nov.  16,  1918)  106, 
856.     700  w. 

NORTHERN  Manitoba,  Discoveries  and  devel- 
opments in.  J.  A.  Campbell,  Canad.  Min. 
Jnl.  (Nov  1,  1918)  S9,  306-8.     1300  w.      . 

ONTARIO,  Silver  mining  prospects  in.  K. 
Thomas,  Min.  A  Sci.  Pr.  (Nov.  2,  1918) 
117,  599-600.     1700  w. 

ORE  deposits,  Goodchild  on.  Min.  Mag.  (Oct., 
19ld)  19,  177-8.     800  w. 

ORE  reserves,  Valuation  of.  Engng.  A  Min. 
Jnl.  (Nov.  9,  1918)  106,  833.     600  w. 

ORE,  Reports  on  World's  resources.  Iron  Tr. 
Bet.  (Nov.  14,  1918)  68,  1115-7.     3000  w. 

OREGON,  Manganiferous  ore  in.  Science 
(Nov.  1,  1918)  48,  439-40.     1000  w. 

PIG  tin.  Regulation  o(.    Iron  Age  (Nov.  7^1918) ' 
lOS,  1135.     600  w. 

PLATINUM,  A  Wyoming  mine.  H.  H.  Taft, 
Engjig.  A  Min.  Jnl.  (Nov.  23,  1918)  106, 
900.     700  w. 
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PLATINUM.  Russia's  production  of.  A.  R. 
Mers,  Jnl.  Ind.  A  Engng.  Chem.  (Nov., 
1918)  10,  920-5.     3500  w. 

PORPHYRY  ooppers.    L.  H.  Goodwin.  Engng.  A 

I  Min.  -JnL     i.   Hesourees  and  iCchifevemeots 

'  (Nov.   2,    1918)    106,  780-2.     1800   w;     II. 

Mining  methods  (Nov.  16,  1918)  106,  S65-6. 

1400  w. 

POTASH,  chrome,  and  manganese.  Are  Pro- 
German  influences  at  work  to  prevent  the 
development  of.  Mfra.  Rec.  (Nov.  21, 
1918)  74,  56.     600  w. 

SICILIAN  sulphur  industrv.  G^  Bruccoleri 
Induetria  (Sept.  15,  lj»I8)  |S,'  51^-9.     4400  w] 

JSOUTH  WALES,  Refractory  materials  of.  J.  A. 
Howe.  Iron  A  Coal  Tr.  Ret.  (Nov.  1,  1018) 
97,  496-^7.  2500  w.  Abe.  cf  paper  read 
before  Refractory  Materials  Section  of 
Ceramic  Society. 

8PITZBERGEN.  Coal  deposiU.  JIftn.  A  Sci. 
Pr.  (Nov.  2.  1918)  117,  601-2.     800  w. 

TALC:  Its  occurrence  and  uses.  Min.  Mao. 
(Oct.,  1918)  19,  21&-20.     1600  w.     Abe.  of 

faper  by  P.  A.  Wagner,  in  8<nUh  Afr.  JnL 
nd..  June,  1918. 

TIN  position.  Min.  Mao.  (Oct.,  1918)  19, 
ITS:    500w.' 

TIN  situation.  Engng.  A  Min.  Jnl.  (Nov.  23, 
1918)  926^.     800  w. 

TUNGSTEN.  French  deposits.  Mitaux  AUiaget 
Mack.  (Sept.,  1918)  ^11.     1200  w. 

TUNGSTEN  in  China.  Min.  A  Sei.  Pr.  (Nov. 
'9,  1918)  117,  624.     300  w. 

TUNGSTEN  in  manganese  ore.  W.  R.  Jones. 
£«yfi^.  A  Min.  Jni..(Nov.  2,  1918)  106,  779. 

TUNGSTEN,     molybdenum,     and     vanadium 
E.   S.   Boalich   and  W.   O.   Castello.     Cali. 
fornia  State  Min.   Bur.  Preliminary  Repor 
No.  4  CMar..  1918)  7-34.     27  p. 

WAR  minerals.  J.  E.  Spurr.  Econ.  Geol. 
(Nov.,  1918)  IS,  50(^11. 

WAR  minerals  act.  Edit.  Min.  Cong.  Jnl. 
(Nov.,  1918)  4,  412-3.     1500  w. 

WAR  time  mineral  activities  in  WasbingtoQ. 
E.  S.  Bastin,  Econ.  Geol.  (Nov.,  1918)  IS, 
524-^7. 

WAR  minerals  as  a  science.  C.  K.  Leith. 
Econ.  Geol.  (Nov.,  1918)  IS,  497-9.     1000  w. 

WOLFENITE.  Place  of,  among  leading  ores. 
G.  Bercrilt.  Zleeh.  Berg-HHtUn  A  Sal- 
weteen  (Jan..  1918)  56-69.     7000  w. 

ZIRCONIA:  Its  occurrence  and  application. 
Iron  A  Coal  Tp.  Ret.  (Oct.  26,  1918)  97, 
469.  1200  w.  Abs.  of  paper  read  before 
Ceramic  Soc.  by  H.  C.  Meyer. 


MINING  GEOLOGY  AND  MINING 
PRACTICE 

(See  also  Mineral  Resources) 

ACCIDENTS  on  Witwatcrsrand.  South  Afr. 
Min.  Jnl.  I.  (Sept.  14,  1918)  S8,  6.  1000  w. 
Serial.  From  report  of  Government  Min. 
Engr.  for  1917. 

ACETYLENE  safety  lamps.  W.  Maurice. 
Aeet.  Weld.  Jnl.  (Sept.,  1918)  16,  166-70. 
2000  w.  Pai>er  read  before  Inst.  Min.  Eiunv  . 
Sept.  13,  1918. 

BENDIGO,  Origin  of  quarts  veins.  Econ.  Oool. 
(Nov.,  191  )  IS,  538-51.     13  p. 

BROKEN  ore,.  High  temperature  of.  Min.  A 
Sci.  Pr.  (Nov.  23,  1918)  117,  004,     700  w. 

CAVING  stopes.  Controlling  >ihe  draming-off  In 
Engng.   A   Min.  Jnl.   (Nov.  23,   1918)    lOt. 
901-3.     1300  w.  ^ 
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Diamond  Drilling 


E.  J.  longyear  Company  crew  eijrioring  low  grade  copper  deposit 
in  Arizona  witli  a  Longyear  Diamond  Drill 

We  are  equipped  to  handle  exploration 
problems  In  any  district 

Let  us  figure  on  your  work. 

Write  for  Bulletins 


Contract  E>iatnond  Drilling 

Manufacture  of  Diamond  Drills  and  Supplies 

Shaft  Sinking  and  Development 

E.    J.    LONGYEAR  COMPANY 

EXPLORING  ENGINEERS 
MINNEAPOLIS,         -         MINNESOTA 

[PImm  nunUon  thii  airuanii  whsn  writins  kdvsrtiMn.l  (9. 
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CEMENT  gnn  firaproofe  a  mine  shaft.  E.  M. 
Norria«  Commr.  Air.  Mag,  (Nov.,  1018)  St, 
8046-7.  1300  w.  From  A.  I.  M.  E.  BuU., 
Mch..  1018. 

CHANCE  aoetylene  safety  lamp.  Coal  Ag€ 
(Oct.  31.  1018)  14,  824-6.     1000  w. 

COAL  mining  in  New  South  Wales.  Coll, 
Guard.  (Nov.  1.  1018)  116,  026.     1600  w. 

COAL  mining  in  Washington.  M.  Roberts. 
Bull.  Am.  Inst.  Min.  fincrs.  (Nov.,  1018) 
1684-6.  600  w.  Ala$.  dk  Northw.  Min. 
Jnl.  (Oct..  1018)  U,  73-4.  1600  w.  Dis- 
oussion  of  paper  by  r.  A.  Hill,  A.  I.  M.  E. 
BuU,  136,  Apr.,  1018. 

COAL  mining,  Need  of  effioienoy.  Coal  Aifo 
(Nov.  28,  1018)  14,  083-6.     2000  w. 

COAL  n>^"»"g  operations.  Individual  responsi- 
bility. J.  F.  Shean.  Mfr$.  Roe.  (Nov.  7, 
1018)  T4,  70.     1000  w. 

COLLIERY,  Preparation  of  new  plan  for  a. 
Q.  A.  Oilohrist,  Iron  dk  Coal  Tr.  Rot. 
(Nov.  1,1*1018)  tT.  404-6.  2200  w.  Read 
before  North  -of  England  Branch  of  Nati. 
Ass.  Ck>ll.  Managers.  Sept.  28,  1018. 

CONTINENTAL  eoal  working.  Sei.  &  An  of 
Min.  (Nov.  2,  1018)  S9,  100-1.     1200  w. 

CO-OPERATION  among  small  mines.  O.  J. 
Young,  Engng.  A  Min.  Jnl.  (Nov.  0.  1918) 
106,  811-3.     1200  w. 

DIAMOND-driUing  in  Cornwall.  J.  A.  Mae- 
Vicar.  Min.TMag.  (Oct.,  1018)  19,  184-7. 
3000  w.  Edit.;  Min.  Mag.  (Oct.,  1918) 
19, 178-0.     1200  w. 

DIAMOND  drilling.  Salt  Lako  Min.  Row. 
(Oot.  80,  1918)  SO,  27-8.  1600  w.  From 
Arif .  Min.  JnU 

DREDQINQ,  Future  of.  C.  Janin.  Min.  A 
Sei.  Pr,  (Nov.  23. 1018)  117,  689-00.  1600  w. 
From  "Gold  Dredging  in  United  States," 
TJ.  S.  Bur.  Mines,  Ads. 

DRILLING  for  ooal  on  east  coast,  Vancouver 
Island.  Canad.  Min.  Jnl.  (Nov.  15,  1918) 
St,  388.     600  w. 

DUST  abatement  in  mines.  W.  O.  Borcherdt, 
Bngng.  A  Min.  Jnl.  (Nov.  2,  1018)  zo6, 
783-6.  3000  w.  Excerpted  from  a  paper 
presented  at  the  seventh  annual  congress  of 
the  National  Safety  Council. 

ELECTRIC  shovels,  Operating  cost  in  under- 

f round  mining.     Bngng.  A  Contr.  (Nov.  20, 
018)  to,  486-7.     300  w. 

BLECTTRIC  winding  engines  and  mine  hoists. 
H.  H.  Brou^ton.  Eloctn.  (Sept.  27,  1018) 
81,  463-5.  1600  w.;  (Oct.  4.  1918)  81, 
473-4.  1000  w.:  (Oct.  11.  1018)  81,  406-7. 
1200  w.;  (Oct.  26, 1918)  tl,  634H).  1600  w. 
Serial. 

ELECTRICITY  in  mining.  L.  Folkes.  Sei. 
A  Art  of  Min.  (Oct.  19.  1918)  S9,  82-4. 
1200  w.:  (Nov.  2,  1018)  St,  104-6.     1000  w. 

ELECTRICITY,  Progress  of,  in  coal  mining. 
F.  Husldnson,  Coal  Age  (Nov.  14,  1918)  14, 
892-7.     2700  w. 

ELECTRICITY  saves  labor  at  coal  mines. 
Coal  Jnd.  (Nov.,  1018)  1,  416-0.     2000  w. 

ENGLISH  practice  in  overburden  stripping  in 
mining  iron  ore.  Engng.  A  Contr.  (Oct.  30, 
1918)  to,  402-3.  1500  w.  From  Minutes 
of  Proc.  Inst.  Civil  Engrs. 

EPSOMITE,  Spotted  lakes  of.  in  Washington  and 
British  Columbia.  O.  P.  Jenkins.  Am.  Jnl. 
Sei.  (Nov.,  1918)  46,  638-14.    2000  w. 

EXPLOSIVE  gases.  Occlusion  of.  in  eoal. 
J.  Ashworth.  Coal  Age  (Nov.  28,  1018)  14, 
000-1.     1600  w. 

FANS  and  boilers.  W.  D.  Owens.  Coal  Age 
(Nov.  21, 1918)  14,  937-40.     3000  w. 
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GAS  power  at  ooUieries.  Wenlock.  Sei.  A  Art 
of  Min.  (Nov.  2,  1018)  St,  08-0.     1200  w. 

GOLD  mines.  Accidents  on  Witwatersrand- 
South  Afr.  Min.  Jnl.  (Sept.  28,  1018)  S8« 
61.     600  w. 

GOLDEN  Eagle  shaft,  Reojpening  the.  F.  D. 
Bradley,  Bngng.  A  Mtn.  Jnl.  (Nov.  16, 
1018)  lot,  863-6.    2000  w. 

GROUND  ropes.  Effect  and  management.  B. 
Spaokeler.  ZUek.  Borg-HHtten  A  Salwouen 
(Jan..  1018)  10-56.     16.000  w. 

IGNEOUS  magmas,  Evolution  of  ore  deposits 
from.  W.  H.  Ooodchild,  Min.  Mag.  (Oct., 
1918)  It,  188-09.    8000  w.    Conclusion. 

INSTANTANEOUS  outburst  of  ooal  and  gas 
at  Bedford  Collieries,  Ldch.  F.  N.  Siddal. 
Trant.  Manchester  Geol.  a  Min.  Soo.  (Aug.. 
1918)  St,  318-27.     0  p. 

IRON  ore.  Central  Station  service  used  in  opera- 
tion of  New  Jersey,  mines.  II.  BUet. 
Roc.  (Nov.,  1918)  S4,  20-2.     1500  w.. 

IRON,  Seise  German,  mines  in  Spitsbergen. 
Iron  Tr.  Ro9.  (Nov.  21,  1018)  M,  1187-8. 
600  w. 

IRON  vs.  wood  mine  cars.  R.  W.  Lightburn, 
Coal  Age  (Nov.  21,  1918)  14,  060.    Letter. 

LIMESTONE,  Labor-saving  methods  and  ma- 
chine in,  quarrying.  Engng.  A  Contr. 
(Nov.  20,  1018)  to,  478-0.     1100  w. 

MACHINERY.  Methods  and,  for  sinkins  shaft  at 
Seneca  mine.  Bngng.  A  Contr.  (Nov.  20, 
1018)  to,  482.     600  w. 

MAGNETIC  meridian.  Determining  the.  Min. 

Mag.  (Oct.,  1018)  It,  220-1.     800  w.  Abs. 

of  paper  by  T.  L.  Galloway,  Instn.  Min. 
Engrs.,  Sept.,  1018. 

MANGANESE  ore  on  Vancouver  Island. 
Canad.  Min.  Jnl.  (Nov.  16,  1018)  St,  300. 
300  w. 

MANITOBA,  Mining  in.  J.  A.  Campbell. 
Min.  A  Bngre.Bee.  (Sept.  30,  1018)  St, 
173-6.     1400  w. 

MINE  and  equipment  investment.  L.  H. 
Goodwin.  Bngng.  A  Min.  Jnl.  (Nov.  23, 
1918)  lot,  906-6.     1100  w. 

MINE  efficiency.  Increasing  ooal.    C.  E.  Stuart , 
Coal  Age.  III.  (OctTsi,   1018)    14,  820-8- 
2000   w.:    IV.    (Nov.  7,  1018)    14,  867-60 
2500  w.^  V.  (Nov.  14,  1018)  14, 003-4.     1000 

w.     Serial. 

MINE  promotion  and  management,  Co6per*tion 
in.  P.  T.  Bruhl.  Bngng.  A  Mtn.  JnL 
(Nov.  16,  1018)  lot,  862-3.     1600  w. 

MINE  regulations.  Bull.  V.  S.  Bureau  of  Labor 
SUtisticslNo.  244  (Aug.,  1018)  26-7.     1000  w 

MINE  rescue  and  first  aid  contest.  Min.  A 
Engng.  Ree.  (Sept.  30,  1018)  SS,  181-2. 
500  w. 

MINE  rescue  apparatus.  Compr.  Air.  Mag. 
(Nov.,  1918)  SS78948-61.     2000  w. 

MINE  signaUing.  H.  Love.  British  Pat.  11». 
108.    III.  Off.    '  '    "~  " 

200  w. 


Jnl.   (Nov.   13,   1018)  2622. 


MINE  signalling  systems.  Automatic  Tele- 
phone Manufacturing  Co.  British  Pat. 
118828.  lU.  Off.  Jnl.  (Nov.  6,  1018)  2615. 
200  w. 

MINE  timbering.  Safe  and  efficient.  R.  Z. 
Virgin,  Coal  Ind.  (Nov.,  1018)  1,  400-12. 
2000  w.     Serial. 

MINE  valuation,  Formulas  for.  H.  D.  Pallister. 
Min.  A  Sei.  Pr.  (Nov.  23,  1018)  117,  68^-4. 
2600  w.    Letter. 

MINING  after  the  great  war.  D.  Maguire. 
SaU  Lake  Min.  Ree.  (Nov.  16,  1018)  SO. 
26-6.     1600  w. 
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MINING,  American,  after  the  war.  K.  ThomaB, 
EngnO'  A  Min.  JnL-  (N<y7.  23.  1918)  IM, 
91&-9.     1000  w. 

MINING     electrical     engineering,     Itema     of 

S Tactical  importltnoe  in  connection  with.     C. 
ones.     South    Afr.    Engng.    (Sept.,    1918) 
137-8.    2500  w.    Serial. 

MINING  machine.  E.  C.  Morgan,  Canad. 
Pat.  185789.  Pat.  Off.  Ree.  (July,  1918)  40, 
100  w. 

MINING  methods  In  United  States.  ,  H.  Garde. 
Spridda  anteckningar  i  grubrytning  fran  en 
studieresa  till  nagra  av  Nordamerikas 
F6renta  staters  gruvdistrikt  ar  1917.  Jem- 
Kont.  Ann.  Bihang  (Sept.  15.  1918)  19, 
411-74.     63  p. 

MINING  tax  amendment.  Salt  Lake  Min.  Rev. 
(Oct.  30,  1918)  SO,  24-5.     1000  w. 

MONAZITE.  8.  J.  Johnstone.  Chetn.  Jnd. 
(Oct.  15,  1918)  87,  373R-6.  3000  w. 
Based  on  lecture  given  at  London  School  of 
Economics,  Nov.,  1917. 

MOUNT  Cannindah,  Recent  developments  at. 
L.  C.  Ball.  Queensland  Govt.  Min.  JnL 
(Sept.  16,  1918)  19,  404-8.     2000  w. 

NEW  mines  of  far  East  Rand.  A.  C.  Key, 
Engng.  A  Min.  JnL  (Nov.  9,  1918)  106, 
821-4.     1800  w. 

NEWCASTLE,  Visit  to.  Australasian  Institute 
of  Mining  Engineers.  C.  T.  Stephenson. 
IndueL  AustraL  (Sept.  19.  1918)  60,  413-5. 
2500  w. ;  (Sept.  26.  1918)  60,  453-5.     2000  w. 

ONTARIO,  Mining  in.  Min.  A  Engng.  Ree. 
(Sept.  30.  1918)  tS,  183-4.     1200  w. 

OXYGEN  mine  rescue.  New  form  of,  apparatus. 
H.  V.  Manning,  Min.  A  Engng.  Ree. 
(Sept.  30.  1918)  Is,  179-^.     1000  w. 

PORPHYRY  coppers.  L.  H.  Goodwin.  Engng. 
A  Min.  JnL  I.  Resources  and  achieve- 
ments. (Nov.  2.  1918)  106, 780-2.  1800  w. ; 
II  (Nov.  16.  1918)  106,  865-6.     1400  w. 

PHOTOGRAPHS  from  the  field.  Old  Dominion 
Copper  Mining  and  Smelting  Co.  works  at 
Globe,  Arisona.  Engng.  A  Min.  JnL  (Nov. 
23,  1J918)  106,  912-3. 

PIPING  installation  of  Susquehanna  mine. 
Engng.  A  Cement  Wld.  (Nov.  14.  1918)  IS, 
72.     500  w. 

PIT  prop.  New,  for  use  of  face.  Iron  A  Coal  Tr. 
Rev.  (Nov.  1.  1918)  97,  491.    800  w. 

POTASH  from  leucite  rook.  Salt  Lake  Min.  Rev. 
(Nov.  15.  1918)  SO,  38.     500  w. 

REFRACTORY  materials  of  South  Wales, 
Notes  on.  J.  A.  Howe,  Iron  A  Coal  Tr. 
Rev.  (Nov.  1,  1918)  97,  496-7.  2500  w. 
Abe.  of  pajper  read  before  Refractory  Ma- 
terials Section  of  Ceramic  Society. 

RUSSIA,  Mining  in.  H.  C.  Woolmer.  Min.  A 
Sci.  Pr.  (Nov.  2.  1918)  117,  597-8.     1700  w. 

SENGITE:  The  new  South  African  explosive. 

Min.  Mag.  (Oct.,  1918)  19,  215-6.     800  w.; 

•      Engng.   A   Min.  JnL   (Nov.  9.   1918)    106, 

820.    800  w.    Abe.  of  paper  by  J.  P.  Udal 

in  South  ASr.  JnL  of  Ind.,  July.  1918. 

SHAFT  pillar.  Removing,  at  Village  Main  Reef. 
Min.  Mag.  (Oct..  1918)  19,  213-5.  1000  w. 
Abs.  of  paper  by  J.  Chilton  in  JnL  Chem., 
Met.  A  Min.  Soc.  of  S.  A..  June,  1918. 

SICILIAN  sulphur  industry.  G.  Bruccoleri, 
InduaUria  (Sept.  15, 1918)  SS,  514-9.     4400  w. 

SIGNALING  in  British  coal  mines  under  new  act. 
S.  F.  Walker.  Coal  Age  (Nov.  28.  1918)  14, 
980  et  seq.     1500  w. 

SPRAYER  for  stone-dustina  in  mines.  A. 
Rushton,  Trana.  Manchester  (3eol.  A 
Min.  Soc.  (Aug..  1918)  SO,  327-9.     600  w. 

S*rANDARDIZATION  of  mining  methods. 
C.  A.   Mitke.     Engng,   A  Min.  JnL   (Nov. 
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9.    1918)    106,  814-9.     3000   w.;  (Nor.  16. 
1918)  106.  857-61.     2500  w.     Serial. 

STANDARDIZING  light  in  coal  mines.  C.  P. 
McGregor,  Coal  Ind.  (Nov.,  1918)  1,  431-2. 
1000  w. 

STORAGE  battery  locomotives  in  mines.  T. 
Milton.  Coal  Ind.  (Nov..  1918)  1,  41»-21. 
1500  w. 

SULPHUR.  Du  Pont  Mag.  (Nov..  1918)  9, 
21-2.     700  w. 

SULPHUR  production  in.  Sicily.  India  Rutiber 
Jnl.  (Oct.  26.  1918)  66,  6.     400  w. 

SURFACE  plant  of  Orient  Mine  in  Franklin 
County.  Illinois.  Coal  Age  (Nov.  21,  1918) 
14,  932-6.     3000  w. 

TALC:    Its   occurrence   and   uses.     Min.    Mag. 
(Oct..  1918)  19,  218-20.     1600  w.     Abs.  of 
taper  by  P.  A.  Wagner  in  South  Afr.  Jnl. 
!nd.,  June.  1918. 

TEMPERATURE.  High,  from  broken  ore  in 
stope.  A.  B.  Colquhoun.  Min.  Mag. 
(Oct..  1918)  19,  202-3.     750  w. 

TIN  in  Nigeria.  Engng.  A  Min.  JnL  (Nov.  9. 
1918)106,841.     500  w. 

TIN  dredging  in  Burma.  Engng.  A  Min.  JnL 
(Nov.  23.  1918)  106,  922.     300  w. 

TUNGSTEN  and  gold  at  Ajo.  Aris.  Min.  JnL 
(Nov..  1918)  S,  22.     800  w. 

TUNGSTEN  ores.  Genesis  of.  R.  H.  Rastall. 
If  in.  JnL  (Oct.  19.  1918)  ISS,  608.     800  w. 

UNWATERING  of  Pensford  Colliery.  C. 
Lewis.  Iron  A  Coal  Tr.  Ret.  (Oct.  4.  1918) 
97,  371-4.  5000  w.  Read  before  South 
Wales  Branch  Ass.  Min.  Elec.  Engrs.. 
Sept.  28.  1918. 

UTAH  copper  enterprise.  T.  A.  Rickard. 
Min.  A  Sa.  Pr.  V.  Mining  methods. 
(Nov.  2.  1918)  117,  587-90.  2300  w. 
Serial;  G.  Kislingbury  (Nov.  2.  1918)  117, 
585-6.     1500  w.    Letter. 

VENTILATION  of  mines.  T.  Chester.  Jnl. 
Am.  Soc.  Heat.  A  Vent.  Engrs.  (Oct..  1918) 
S4, 785-8.     1400  w.     Discussion. 

VENTILATION.  Sci.  A  Art  of  Min.  (Nov.  2. 
1918)  S9,  106-7.    800  w.;  109-10.     600  w. 

VENTILATION.  System  of.  for  thin  veins. 
A.  R.  Lettsome.  Coal  Ind.  (Nov..  1918)  1, 
429-31.     1000  w. 

VERTICAL  shaft  pUlar.  Removal  of.  J. 
ChUton.  ColL  Guard.  (Nov.  1,  1918)  116, 
913-4.     1500  w. 

WELL-drill  blasting.  J.  C.  Costello.  Min.  A 
Sei.  Pr.  (Nov.  23. 1918)  117,  685-8.     3100  w. 

WITWATERSRAND  gold  mines.  Accidents  on. 
South  Afr.  Min.  Jnl.  (Sept.  21,  1918)  SS, 
29.     700  w.    Serial. 

ORE-DRESSING  AND  PREPARATION 

OF  COAL 

ALUMINOUS  materials  of  high  silica  content. 
Method  of  treating.  C.  M.  Hall.  U.  8. 
Pat.  1282222.  Off.  Gas.  (Oct.  22.  1918)  SSS. 
674.     400  w. 

ALUMINUM  industry.  Preparation  of  raw 
materials  in.  W.  von  Escher.  Metal  Ind. 
(Oct.  18.  1918)  IS,  253-5.  2200  w.  Trana- 
lated  from  Chem.  Ztg.^  June.  1918. 

ANTHRACITE  breakers  and  washeries.  Hasards 
and  safeguards.  D.  K.  Clover.  Coal  Aae 
(Nov.  14.  1918)  14,  901-2,     1500  w. 

BELT  magnetic  separators.  Capacity  of.  O.  J. 
Young.  Engng.  A  Min.  Jnl.  (Nov.  16.  1918) 
106,868-9.     1100  w. 

CHATS-separator  for  ore  ii|B.  A.  S.  Malocsay, 
U.  S.  Pat.  1280203.  Off.  Oom.  (Oct.  1.  1918) 
SSS,  41.     600  w. 
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Would  Handle  All  the  Bituminous 
Coal  Mined  in  the  United  States 

THE  Bell  &  ZoUer  mine  at  Zeigler,  111.,  using  a  two-car 
Pneumatic  Rotary  Dump  at  the  shaft  bottom,  dumped 
and  hoisted  during  April,  May  and  June  of  this  year,  an  average 
of  104,065  tons  per  month,  which  is 
at  the  rate  of  1,248,780  tons  peryear. 

The  total  production  of  the  United  States 
is  expected  to  be  about  600,000,000  tons 
this  year. 

Hence  500  such  Dumps  as  at  Zeigler 
mine,  illustrated  here,  would  easily  handle 
the  entire  bituminous  production  of  the 
country. 

At  either  coal  or  metal  mines  using  the 
Pneumatic  Rotary  Dump  the  unloading  of 
cars  is  never  the  feature  which  limits  pro- 
duction. Always  this  Dump  will  unload 
the  cars  as  fast  as  they  can  possibly  be 
brought  to  it,  releasing  the  empties  for 
immediate  return  to  the  miners. 

The  Pneumatic  Dump  is  adapted  equally 
to  old  and  to  new  operations.  Write  us, 
asking  for  Bulletin  180-D,  and  learn  what 
this  Dump  will  do  at  your  mine. 

WOOD  EQUIPMENT  CO.,  m^&ir  Chicago 

HewTotk  nttsburgh  Enoxrille  Denver 

149  Broadaay  Union  Arcadt  Holston  Bank  Bldg.  1633  Tremanl  St. 

T1I7E  offer  you  improvements  and  protection  under 
*  '     Rtmsay,  Wood,  CUghom  and  other  patents.  3, 
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CHROMITE,  Sampling  and  analysia.  A.  A. 
HankB,  JIftn.  A  Sd.  Pr.  (Not.  16,  1918)  111, 
654-5.     1000  w. 

COAL  handling.  Saving  $3000  per  year.  BUM. 
By.  JiU.  (Nov.  9,  1918)  U,  844.     600  w. 

COAL  washing:  A  scientifio  study.  T.  J.  Brake- 
ley,  Trant.  Manchester  Geol.  A  Min.  Soc. 
(May,  1918)  85,  244-85.    42  p. 

CONCENTRATING  ores.  W.  W.  Webster, 
British  Pat.  119050.  III.  Off.  Jnl,  (Nov.  13, 
1918)  2598.     100  w. 

CONCENTRATING  ores.  W.  A.  Scott,  Brit. 
Pat.  118627.  lU.  Off.  Jnl.  (Oct.  30,  1918) 
2434.     100  w. 

CONCENTRATION,  Apparatus  for  ore.  F. 
Grooh,  U.  S.  Pat.  1^1851.  Off.  Oom.  (Oct. 
15,  1918)  SM,  400.     300  w. 

DRY-concentration  plant  at  Arkansas.  T. 
Shiras,  BttiTHf-  A  Min.  JrU.  (Nov.  23,  1918) 
IM,  909-10.     1200  w. 

ELECTRO-magnetio  ore  separation.  South  Afir. 
Sngno.  (Sept.,  1918)  tt.  131-2.     500  w. 

ELECTROSTATIC  precipiution.  E.  P.  Math- 
ewson,  Min.  A  Sci.  Pr.  (Nov.  9,  1918)  117, 
632.  From  A.  I.  M.  E.  Bull.,  Nov.,  1918. 
Discussion  of  paper  by  O.  H.  Esohhols, 
A.  I.  M.  E.  BuH..  Aug.,  1918. 

FLOTATION  and  colloids.  Sail  Lake  Min.  Ret. 
(Nov.  15,  1918)  to,  2^7.     700  w. 

FLOTATION  at  Highland  Valley  mines,  Notes 
on.  F.  Ke£Fer,  Bull.  Canad.  Min.  Inst. 
(Nov.,  1918)  932-6.     1500  w. 

FLOTATION.  Differential,  of  lead  and  sine  sul- 

S hides.     A.  Del  Mar,  Min.  A  Sci.  Pr.  (Nov. 
3,  1918)  117,  691-3.     1600  w. 

FLOTATION,  Kay  mine  an  ideal,  proposition. 
F.  W.  Bower,  ArU.  Min.  Jnl.  (Nov.,  1918) 
S,  23.     800  w. 

FLOTATION.  MUl  practice  at,  plant  of  Utah 
Leasing  Co.  H.  H.  Adams,  Salt  Lake  Min. 
Rn.  (Nov.  15.  191«)  tO,  21-5.    3000  w. 

FLOTATION,  Theory  of  process.  K.  Sundberg. 
Flytprocessernas  teorL  Jem-Kont  Ann. 
(1918)  No.  3  and  4,  105-64.     69  p. 

GOLD  concentrator.  A.  Robinson  Mackie, 
Canad.  Pat.  185636.  Pat.  Off.  Ret.  (July. 
1918)  46,  2166.     400  w. 

MAGNETIC  separator.  New  Jersey  Zinc  Co.. 
Canad.  Pat.  185864.  Pat.  Off.  Rec.  (July, 
1918)  46,  2264-5.     2000  w. 

OLIVER  filter  modifications.  C.  T.  Rice, 
Bngnff.  A  Min.  Jnl.  (Nov.  23,  1918)  106, 899. 
500  w. 

ORE-dreesing,  Hasards  and  safeguards  in,  plants. 
J.  S.  McKaig,  Bngng.  A  Min.  Jnl.  (Nov.  23. 
1918)  106,  897-9.     1500  w. 

ORE-pulp.  Automatic  separation  of  solution  from 
solids  in.  B.  MacDonald,  Aftn.  A  Sci.  Pr. 
(Nov.  23. 1918)117,  695-6.  1100  w.  From 
Bull.  A.  I.  M.  E..  July,  1918.  Abs. 

ORE  screen.  J.  Nichols.  U.  S.  Pat.  1282108. 
Off.  Oat.  (Oct.  22.  1918)  SM,  642.     400  w. 

ORES.  Concentrating.  W.  McDermott.  Brit. 
Pat.  118074.  Ill  Off.  Jnl.  (Oct.  9,  1918) 
2219.     100  w. 

RADIUM.  New  ore  plant.  Salt  Lake  Min.  Rev 
(Nov.  15.  1918)  SO.     300  w. 

SCREENING  apparatus.  W.  D.  Richardson. 
U.  S.  Pat.  1282127.  Off.  Oat.  (Oct.  22,  1918) 
SM,  649.     400  w. 

SEPARATING  slate  from  coal.  A  new  method. 
H.  M.  Chance,  Sci.  Am.  Sup.  (Nov.  30  .1918) 
86,  348-50.     5000  w. 

SINTERING  ores,  Method  of.  E.  J.  HeUman. 
U.  S.  Pat.  1280221.  Off.  Oat.  (Oct.  1,  1918) 
SM,  30.     500  w. 

SLIME  concentration.  Min,  Mag.  (Oct.,  1918) 
19,  17^7.     600  w. 
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TAILING  ezeavator  at  plant  of  New  Comelis. 
Copper  Co.,  Ajo,  Axis.    Bull.  Am.  Inst.  Min. 
Engrs.     (Nov.,     1918)     1670-2.     1000     w. 
Discussion  of  papa-  by  F.  Moeller  in  A.  I.  M. 
E.  BulL  140,  Aug..  1918. 

UTILIZATION  of  electric  properties  of  minerals 
in  their  mechanical  preparations.  A.  Bibo- 
lini,  Sull'Ytilissasione  practioa  di  talune 
propriety  elettriche  dei  minfirali  nells 
preparasione  mecoanioa.  Bet.  Teckniea  (Aug. 
31.  1918)  SS,  485-«.     2000  w.     Serial. 

WASHING  coal,  ores.  etc.  T.  M.  Chance, 
British  Pat.  119038.  lU.  Off.  Jnl.  (Nov.  6, 
1918)  2593.    200  w. 

COAL  KKD  COKB 

(See  also   Mineral  Resources,   Mining  Geology 

and     Mining    Practice,    Ore-dressing    and 

rreparation  of  Coal) 

ANTHRACITE  field.  Western  middle.  E.  B. 
Wilson,  Coal  Ind.  (Nov.,  1918)  1,  421-4. 
1500  w. 

BRIQUET  coke  a  product  of  double  carbonisa- 
tion. Gae  Age  (Nov.  1,  1918)  4S,  375-7. 
2000  w. 

BRIQUETTING  method.  Pure  Coal  Bri- 
quettes. Ltd.  Canad.  Pat.  185867.  Pat.  Off. 
Ree.  (July.  1918)  46,  2266.    800  w. 

BY-PRODUCT  coke.  W.  T.  Harms,  Jnl.  Am. 
Soc.  Heat,  ft  Vent.  Engrs.  (Oct.,  1918)  S4» 
725-30.     2200  w. 

BY-PRODUCT  coke  making.  Steel  A  Metal 
Digeet  (Nov.,  1918)  S,  642-3.     1200  w. 

BY-PRODUCT  coke  oven  pressure  regulation. 
C.  H.  Smoot,  Iron  A  Coal  Tr.  Ret.  (Oct.  18. 
1918)  97,  43a-9.  1500  w.  Abe.  of  paper  in 
Oa4  Age. 

BY-PRODUCT  coke  oven  and  its  products. 
Bull.  Am.  Inst.  Min.  Euf^rs.  (Nov.,  1918) 
1677-8.  400  w.  Discussion  of  paper  fay 
W.  H.  Blauvelt  in  A.  I.  M.  E.  BtdL  135, 
Mar.,  1918. 

BY-PRODUCT  coking.  Research  and  progress  in 
Great  Britain.  J.  B.  C.  Kershaw,  Coal  Age. 
I.  (Nov.  7.  1918)  14,  853-6.  2500  w.;  IL 
(Nov.  14.  1918)  14,  808-900.  1700  w.;  IIL 
(Nov.  21,  1918)  14,  941-6.     3500  w.     Serial. 

CARBOCOAL.  Bull.  Am.  Inst.  Min.  Engrs. 
(Nov..  1918)  1686-92.  3500  w.  Discuanon 
of  paper  by  C.  T.  Malcolmson,  in  A.  I.  M.  E. 
BtUl.  137.  May,  1918. 

CARBONIZATION.  Reactions  of.  Timet  Bngng. 
Sup.  (Oct..  1918)  SOi.     2000  w. 

CARBONIZING  methods.  J.  A.  Brown,  Gat 
Ind.  (Nov..  1918)  18,  351-2.  1500  w. 
Presented  before  Michigan  Gas  Ass. 
Convention. 

CHECKING  stored  coal  temperatiures  electric- 
ally. T.  W.  Poppe,  Pou>er  (Nov.  5,  1918) 
48,  674.     800  w. 

COAL  and  coke.  Report  of  Geological  Survey  on 
production  and  shipment  of.  Am.  Oat. 
Bngng.  Jnl.  (Nov.  23,  1918)  199,  49<V-8. 
1400  w. 

COAL  diflBculties  in  Brasil.  J.  A.  Ribeiro,  Xi«co 
(Nov.,  1918)  9,  424-9.     1100  w. 

COAL,  Lecture  on,  economy.  Blee.  Timet  (Oct. 
17,  1918)  M,  233-4.     1800  w. 

COAL,  iron,  and  the  naval  construction  in  Japan. 
Le  charbon,  le  fer  et  lee  constructions  navales 
au  Japon.  Ginie  Civil  (Nov.  9,  1918)  TS, 
375-6.     1500  w. 

COAL — Our  meet  powerful  ally.  Du  Pont  Mag. 
(Nov.,  1918)  9,  8  et  seq.     1500  w. 

COAL,  Rational  use  of,  for  complete  gasification. 
Vers  r  utilisation  rationnelle  de  la  houillemu' 
la  gasification  compldte.  Jnl.  Usines  k  Cfaa. 
(JiDy  5,  1918)  4S,  193-6.     2500  w. 


BTnXETIH,  A.  I.  M.  E.— ADTERTISlNa  SECTION 


'  HENRIETTA  COAL  COMPANY 
,___.     OLD  IK)SHANNON  VEIN  COAL 


L.. 


FLORY  TWO  SPEED 

Two  Patent  Bani)  Frictions.  Loaded  trip,  20,000  lb.,  250'  per  min. 

Frictiona  operated  by  air.  Empty  trip,  7,000  lb.,  500'  per  min. 

Herringbone  Gears.    Dial  Indicator.  On  plane  of  26  deg. 


S.  FLORY  MFG.  CO. 

BANGOR,   PA. 

New  York  Office:  35  Liberty  Si. 
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COKE  handling  at  Manchester  Corporation  Gas 
Works.  G.  F.  Zimmer,  Engng.  (Oct.  4, 1918) 
IM,  367.     2000  w. 

COKE  industry  in  Colorado,  Utah,  and  New 
Mexico,  Development  of.  C.  H.  Gibbs, 
Bull.  Am.  Inst.  Min.  £n^.  (Nov.,  1918) 
1693-6.     1000  w.     Discussion  of  paper  by 

F.  C.  MiUer  in  A.  I.  M.  E.  Bull.  140,  Aug.. 
1918. 

COKE-ovens,  Method  of  heating.  R.  Geipert> 
U.  S.  Pat.  1281776.  Off.  Qaz.  (Oct.  16.  1918) 
IM,  612.     300  w. 

COKING  oven.  O.  Piette,  Canad.  Pat.  186700. 
Pat.  Off.  Ree.  (July.  1918)  4M,  2186.     400  w. 

FUEL  and  air  in  burning  powdered  coal,  Control 
of.  W.  G.  Wilcox,  Coll,  Guard.  (Oct.  18, 
1918)  116,  808-9.  1500  w.  From  paper 
before  the  Western  New  York  section  of  the 
Am.  Chem.  Soc. 

FUEL,  and  its  economical  use.  E.  A.  Uehling, 
Power  (Nov.  26,  1918)  48,  779-«l.     2400  w. 

HANDLING  coal.  System  for,  and  the  like.  G. 
E.  Titcomb,  U.  S.  Pat.  1282144.  Off.  Oat. 
(Oct.  22.  1918)  IM,  663.     200  w. 

LIGNITIC  coal,  its  characteristics  and  utilisa- 
tion. Oa9  Age  (Nov.  1.  1918)  41,  421-6. 
3600  w. 

LOADING  coal.  Labor  saving  methods  and 
appliances  for.  Q.  W.  Engeff,  Coal  Age 
{Nov.  28.  1918)  U,  974-80.     4600  w.* 

LOW-temperature  distillation  of  Illinois  and 
Indiana  coak.  G.  W.  Traer,  Coal  Age 
(Oct.  31,  1918)  14,  815-8.  3500  w.  From 
A.  I.  M.  E.  Bull.,  Sept.,  1918,  Abs.  S.  W. 
Parr,  Bull.  Am.  Inst.  Min.  Engrs.  (Nov., 
1918)  1696-6.  600  w.  Discussion  of  paper 
by  G.  W.  Traer. 

PEABODY  coal  development  in  Central  Illinois. 

G.  W.  Harris,  Coal  Age  (Oct.  31,  1918)  14, 
810-4.     1500  w. 

POWDERED  coal.  Iron  A  Coal  Tr.  Rev. 
(Oct.  4,  1918)  97,  376.  400  w.  Abs.  of 
paper  by  W.  G.  Wilcox  read  before  Am. 
Chem.  Soc.,  N.  Y. 

PULVERIZED  coal.  First,  installation  in  West- 
ern Canada.  H.  R.  Collins,  Min.  A  Engng. 
Ree.  (Sept.  30.  1918)  IS,  177-9.     2200  w. 

PULVERIZING  coal.  J.  CunUfte.  Engng.  A 
Cement  Wld.  (Nov.  15,  1918)  IS,  66-8. 
1200  w. 

RHENISH  Westphalian  Coal  Syndicate.  Engng. 
(Oct.  11,  1918)  lOe,  409-11.     3000  w. 

STORED  coal.  Moisture  and  spontaneous  heat- 
ing. S.  H.  Kats  and  H.  C.  Porter,  Coll. 
Guard.  (Oct.  26.  1918)  lit,  800-1.     1500  w. 

USE  of  coal  in  pulverised  form.  Bull.  Am.  Inst- 
Min.  Engrs.  (Nov.,  1918)  1678-84.  3000  w- 
Discussion  ot  paper  by  H.  R.  Collins  in 
A.  I.  M.  E.  Bull.  136,  Apr..  1918. 

UTILIZATION  of  fuels.  L'utilisation  des 
combustibles.  Jnl.  Usines  i  Gas.  (Oct.  20, 
1918)  41,  30&-9.     3500  w. 

PETROLEUM  AND  GAS 

AMERICAN  petroleum  industry,  Crisis  in. 
Petr.  Rev.  (Oct.  12,  1918)  19,  233.     1000  w. 

CRUDE  oil,  Birth  of  England's  industry.  Petr. 
Rev.  (Oct.  19,  1918)  19,  245  et  seq.     3200  w. 

CRUDE  oil.  Bureau  of  Mines  urges  that,  supply 
be  increased.  Min.  Cong.  Jnl.  (Nov..  1918) 
4,  419-20.     700  w. 

CRUDE  petroleum.  America's  industry.  J.  D. 
Northrop, .  Petr.  Rev.  (Oct.  19,  1918)  19, 
259-60.  1400  w;  (Oct.  26^  1918)  19,  275-6. 
1100  w.     Conclusion  of  serial. 

CRUDE  petroleum  stabilisation  plan  continued 
in  force  for  three  months.  Oil,  Paint  A 
Drug  Rep.  (Nov.  18,  1918)  94,  61.     500  w. 
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DEEP  well  drilling.  I.  C.  White.  Natural  Gas 
A  Gasoline  Jnl.  (Nov.,  1918)  11,  387-95. 
3200  w. 

FUEL  oil  and  its  applications.  A.  F.  Baillie, 
Coll.  Guard.  (Nov.  1,  1918)  116,  914-5. 
2000  w. 

FUEL  oil  conservation  meeting  at  Chicago. 
Power  (Nov.  6.  1918)  48,  684-6.     1500  w. 

GALICIAN  petroleum  industry.  Petr.  Rev. 
(Oct.  12,  1918)  19,  231.     600  w. 

GASOLINE,  Recovery  from  natural  gas.  W.  P. 
Dykema,  Petr.  Rev.  (Oct,  5,  1918)  19,  219-20. 
1800  w;  (Oct.  12,  1918)  19,  237-9.  2500  w.; 
(Oct.  19,  1918)  19,  267-8.  1500  w.;  (Oct. 
26,  1918)  19,  273-4.     1600  w.     Serial. 

INDUSTRIAL  oil.  Swedish,  situation.  Automat. 
Erigrig.  (Oct.,  1918)  1,  395  et  seq.     800  w. 

LAKE  Basin  Field.  Montana,  Geology,  oil  and 

gas  prospects.     E.  T.  Hancock,  U.  S.  Geol. 
ur.  Bull.  691-D    (July   17.   1918)    101-47. 
46  p. 

MEXICAN  crude  oil  situation.  AvU>mot.  Engng. 
(Oct.,  1918)  1,  399-iOO.     1100  w. 

MEXICAN  oil  situation.  Lefax  (Oct..  1918)  1, 
17-«.     800  w. 

NATURAL  gas.  Conserve.  S.  S.  Wyer,  Otu  Age 
(Nov.  1.  1918)  41,  391-2.     1500  w. 

NATURAL  gas.  Free  use  of.  to  be  restricted 
closely.  Aftn.  Cong.  Jnl.  (Nov..  1918)  4, 
433.     400  w. 

NATURAL  gas  utilisation  project  for  motors 
car  fuel  launched  in  Canada.  Oil,  Paint  A 
Drug  Rep.  (Nov.  18.  1918)  94,  58.     700  w. 

NATURAL  gas.  West  Virginia  industry.  Oil  A 
Gae  Jnl.  (Nov.  16.  1918)  17,  41  et  seq. 
1000  w. 

OIL,  Burning  in  cupolas.  J.  H.  Hall.  Iron  Age 
(Nov.  7,  1918)  IM.  1142-3.  1000  w.  From 
a  paper  presented  before  Am.  Foundrymen's 
Ass.,  Oct..  1918. 

OIL  deposits  of  Mexican  Gulf  Coast,  U.  S.  A. 
Engng.  (Sept.  27.  1918)  106,  348.     800  w. 

OIL  extracting  and  refining  apparatus.  E.  T. 
Erickson,  U.  S.  Pat,  1281320.  Off.  Qaz. 
(Oct.  15,  1918)  255.     100  w. 

OIL  fires,  New  method  of  extinguishing.  Petr. 
Wld.  (Oct.,  1918)  11,  429.     500  w. 

OIL  from  mineral  sources.  F.  Mollwo  Perkin, 
Page's  Engng.  Wkly.  (Oct.  25,  1918)  11, 
197-8.     1000  w. 

OIL  fuel,  Use  of.  in  foundry.  A.  E.  Plant,  Fdy. 
Tr.  Jnl.  (Oct.,  1918)  10,  526-7.  1000  w:; 
Meeh.  World  (Oct.  4.  1918)  64,  164.  1000  w. 
Abs.  of  paper  read  before  Inst,  of  Metals. 
Sept..  1918. 

OIL  in  San  Francisco.  Min.  A  Sei.  Pr.  (Nov.  16. 
1918)  117,  656.     400  w. 

OIL  in  England.  Petr.  Wld.  (Oct..  1918)  16, 
403-4.     1000  w. 

OIL  industry,  Control  of.  Jnl.  Soc.  Automot. 
Engrs.  (Nov.,  1918)  1,  317-8.     1500  w. 

OIL,  Possible  famine  scarcely  averted  by  revenue 
bill  changes.  Automot.  Engng.  (Oct.,  1918) 
1,  406-8.     2500  w. 

OIL  shales  of  Pictou.  C.  B.  H.  C.  E.  Spence, 
Bull.  Canad.  Min.  Inst.  (Nov.,  1918)  928-31. 
1200  w. 

OIL  storage  in  concrete  tanks.  CemeM  A  Engng. 
News  (Aug.,  1918)  10,  21.     800  w. 

OIL  storage  tanks  and  reservoirs.' '  C.  P.  Bowie, 

Petr.  Rev.  (Oct.  5,  1918)  19,221-^3.     2500  w.; 

(Oct.  12,  1918)  19,  235-6.  1600  w;  (Oct. 

'  19.  1918)  19.  255t6.  1600  w.  gonclusicoa 

of  serial. 

OIL  well.  Birth  of  an  industry.  Natural  Gas  A 
Gasoline  Jnl.  (Nov.,  1918)  11,  397-400. 
800  w. 


B1JLLETIN,  A.  1.  M.  £.— ADVERTISING  SECTION 


(INCORPORATED) 

Successors  to  Danville  Foundry  and  Machine  Co. 
30  NORTH  HAZEL  ST^         •         DANVILLE,  ILL 


[PImm  miuitloD  thk  Bdlletih  whan  wrilliia  ulvtrtiMn.] 
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PARAFFIN  dirt  of  Gulf  Coaat  OU  Fields, 
Interpretation  of  the  eo-oalled.  Bull.  Am. 
Inst.  Min.  Engre.  (Nov.,  1918)  1674-7. 
1600  w.  Disouaeion  of  paper  by  A.  D. 
Brokaw,  A.  I.  M.  E.  Bull.  136,  Apr.,  1918. 

PERSIAN  oil  fields.  Geolo^  of.  H.  O.  Busk 
and  H.  T.  Mayo,  Petr.Ret.  (Oct.  26,  1918) 
89,  271-2.  1600  w.  Serial;  Bngno*  (Oct. 
18,  1918)  lOe,  438-9.    Abe.     1000  w. 

PETROLEUM,  A  British  industry.  Edit. 
Meeh.  World  (Oct.  25, 1918)  64, 193.    300  w. 

PETROLEUM  as  fuel.  J.  R.  Peres,  £1  Petr61eo 
Gomo  combustible.  Ret.  Soc.  Cubana  Ing. 
(Sept..  1918)  10,  523-31.     3000  w. 

PETROLEUM  in  England.  Petr.  Rev.  (Oct.  26, 
1918)  89,  265-6.     1200  w. 

PETROLEUM  in  England.  Abs.  of  address 
by  Charles  Greenway  before  Inst,  of  Pet. 
Tech.  Engng.  (Oct.  18.  1918)  106,  438. 
300  w. 

PETROLEUM  in  Japan.  Eeon.  Qeol.  (Nov., 
1918)  18,  512-23.     9  p. 

PETROLEUM  industry,  American,  and  Euro- 
pean war.  Petr.  Ret.  (Oct.  26,  1918)  89,  270. 
500  w. 

PETROLEUM.  New.  law  in  Mexico.  Petr.  Wld. 
(Oct.,  1918)  18,  436.     800  w.     Serial. 

PETROLEUM  oils.  Process  and  apparatus  for 
converting.  M.  J.  Trumble,  U.  8.  Pat. 
1281884.  Off.  Qaz.  (Oct.  15,  1918)  t8i, 
543.    400  w. 

PETROLEUM  refining  explained.  Petr.  Wld. 
(Oct..  1918)  18,  417-21.    2000  w. 

PETROLEUM  resources.  Edit.  Coll.  Guard. 
(Nov.  1.  1918)  116,  921.     1200  w. 

PETROLEUM.  Search  for,  in  Derbyshire  coal- 
field. T.  Sington,  Iron  A  Coal  Tr.  Rev. 
(Oct.  18.  1918)  97,  427-8.     3000  w. 

PETROLEUM,  Storage  of.  D.  A.  Felton, 
Sngng.i  Oct.  4,  1918)  108,  383.  500  w. 
Letter. 

PETROLEUM  under  the  microscope.  J.  Scott, 
Petr.  Wld.  (Oct.,  1918)  16,  422-8.     1500  w. 

PETROLEUM.  Where  to  find.  N.  Guiselin. 
Petr.  Rev.  (Oct.  5,  1918)  89,  214.  1000  w. 
Translated  from  Jnl.  du  Pitrole. 

RUSSIAN  petroleum  industry.  Petr.  Rev.  (Oct. 
5.  1918)  89,  215.     1000  w. 

SHALE  oil  in  Pennsylvania.  Natural  Gae  A 
Oatoline  Jnl.  (Nov..  1918)  It,  384-5.     1000  w. 

TAX  relief  for  oil  producers  seems  assiu'ed. 
L.  M.  Fanning.  0%l  Tr.  Jnl.  (Nov..  1918)  9, 
3-4.    400  w. 


MBTALLURGY  OF  IRON  AND  STEEL 

(See  also  Ore-dressing  and  Preparation  of  Coal, 
Coal  and  Coke,  Metallurgy  of  Non-ferrous 

Metals) 

ALLIED  Metals  Congress.  Canad.  Min.  Jnl. 
(Nov.  1.  1918)  89,  364-5.     1000  w. 

ANNEALING,  tempering,  etc.  L.  W.  Wild  and 
E.  P.  Barfield,  Brit.  Pat.  118732.  III.  Off. 
Jnl.  (Oct.  30.  1918)  2481.     100  w. 

APPARATUS  for  quick  testing  of  metals. 
Quelques  appareiis  poiu*  1'  essai  rapide  des 
m6taux.  Btul.  Tech.  Suisse  Rom.  (Nov. 
2.  1918)  U,  203-4.     800  w. 

ARMY  ordnance  steel  casting.  Producing.  E.  R. 
Swanson,  Blaai  Fur.  A  Steel  Plant  (Nov., 
1918)  6,  455-6.     1300  w. 

AUSTRALIAN  iron  and  steel  plant  erected  on 
American  principles.  Iron  Tr.  Rev.  (Nov. 
14,  1918)  M,  1118-24     3600  w. 

BASIC  lining  for  electric  furnaces.  E.  J.  Ryan. 
Blaet  Fur.  A  Steel  Plant  (Nov.,  1918)  6. 
453-5.     1800  w. 
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BASIC  steel,  Infiuence  of  some  Omenta  on 
tenacity  of.  A.  McWilliam,  Iron  A  Steel 
2?  Can.  (Nov..  1918)  1.  416-9.  2500  w. 
From  English  Iron  A  Steel  Inst.,  Sept.,  1918. 

BASIC  steel.  Manufacture  of.  Pdy.  Tr.  JnL 
(Oct.,  1918)  80,  541-2.     1200  w. 

BLAST  furnace  and  cement  kiln  potash.  Iron 
Aoe  (Nov.  14,  1918)  108,  1209.    800  w. 

BLAST  furnace.  Method  of  desiooating  air  for, 
use.  L.  Goldmerstein.  U.  8.  Pat.  1282686. 
Off.  OoM.  (Got.  22.  1918)  S8f,  800.     100  w. 

BLAST  furnaces  and  steel  works.  Making,  fit. 
Edit.  Chem.  A  Met.  Bngng.  (Nov.  15,  1918) 
19,  697^.     600  w. 

BOILER  plate.  Dept.  of  Commerce,  Steamboat 
Inepection  Service  Form  801  o  (Aug.  1,  1918) 
»-13.     2500  w. 

BOILER  plates.  Causes  of  failure  in.  W. 
Rosenhain  and  D.  Hansen.  Power  Houee 
(Oct..  1918)  11,  298-801.    3000  w. 

BOSH  tuydres.  Notes  on.  J.  HolUngs.  Snong. 
(Sept.  27,  1918)  108,  356-7.  1300  w.; 
Blaet  Fur.  A  Steel  Plant  (Nov.,  1918)  8, 
467-70.  2500  w.  Paper  read  before  Iron 
A  Steel  Inst..  Sept.  13.  1918;  Bngng.  (Sept. 
27.  1918)  108,  336-7.     500  w.     Abs. 

BRAZIL.  Iron  ore  deposits  of.  Iron  A  Coal  Tr. 
Rev.  (Oct.  4.  1918)  97,  381.    500  w. 

BRIQUETTING  iron  ores.  Present  knowledge 
.and   practice.     Automot.    Bngng.   V.    (Oct.. 
1918)  425.     600  w.     Serial. 

CARBON  electrodes  for  furnaces.  J.  A.  Holden, 
Fdy.  Tr.  Jnl.  (Oct.,  1918)  80,  537.     600  w. 

CASE-t^ardening.  A.  E.  Bamfield,  Brit.  Pat. 
118983.  III.  Off.  Jnl.  (Nov.  6.  1918)  2575. 
100  w. 

CAST-iron.  Influence  of  some  special  constituents 
on.  A.  Campion.  Fdy.  Tr.  Jnl.  (Sept.,  1918) 
80,467-70.    3000  w. 

CASTING  machine.  D.  Sensand  de  Lavaud. 
Canad.  Pat.  186718.  Off.  Rec.  (July.  1918) 
48,  2193-4.  800  w.;  Canad.  Pat.  185719, 
2194-5.    2600  w. 

CASTING  machine.  W.  H.  Millspaugh,  Canad. 
Pat.  185699.  Off.  Ree.  (Ju^,  1918)  48, 
2186.     1000  w. 

CASTING  metals.  International  de  Lavaud 
Manufacturing  Corporation,  Brit.  Pat. 
118599.  lUTOff.  Jnt.  (Oct.  30,  1918)  2423. 
200  w. 

CASTING  metals.  W.  Davis.  Brit.  Pat.  118461. 
lU.  Off.  Jnl.  (Oct.  23.  1918)  2374.     200  w. 

CASTING  steel.  B.  Talbot.  Brit.  Pat.  118488. 
III.  Off.  Jnl.  (Oct.  23,  1918)  2386.     100  w. 

CEMENTATION  i^ooess  in  steel  manufaotuiv. 
Fabricadon  de  acero  oementado.  Bol.  Soc. 
Fom.  Fabril.  (July,  1918)  88, 454-9.    3000  w. 

CEMENTITE  transformation.  Study  of,  and  of 
equilibrium  diagram  of  system  iron-carbon  by 
means  of  electric  resistance  measurement. 
I.  litaka,  Sei.  Rep.  Tdhoku  Imp.  Univ. 
(Sept.,  1918)  7, 167-76.    2500  w. 

CHROME.  See  usages,  MUaux  AlUagee  MadL 
(Sept.,  1918)  &-9.    3000  w. 

CONSTRUCTION,  Proper,  of  bottom  of  cupola. 
F.  B.  Beach,  Canad.  Foundrymat^  <&et., 
1918)  9,  239-40.     700  w.  ^^ 

COPPER  cyanide.  Experiments  with,  plating 
baths.  F.  C.  Mathers.  Metal  Ind,  (Oct.  11. 
1918)  18,  237-8.  800  w.  Read  befor« 
Electoochem.  Soc. 

CORE.  T.  Midgley,  Canad.  Pat.  185197.  Off. 
Rec.  (July,  1918)  46, 1958.     1000  w. 

COTTRELL  process  for  potash  recovery.  L. 
Bradley,  Blaet  Fur,  A  Steel  Plant  (Nov., 
1918)  8,  457-9.  8000  w.  From  paper  nad 
at  Fourth  Nat'l.  Exposition  of  Chem.  Ind. 
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CUTTING  of  iron  and  steel  by  ozmn.     M.  R. 

*       JrU.    XIX. 


Ainedeo»     Acet,    Weld.    .  , 

1918)  1»,  167-8.     1200  w.     Senal. 


(Sept., 


DAMASCENE  steel.  N.  T.  BeUiew,  Pdy.  Tr. 
Jnl.  (Sept.,  1918)  tO,  487.^  1000  w^Sei. 
Am.  Sup.  (Nov.  2.  1918)  ••.276.  900  w. 
Abs.  of  paper  read  at  Iron  A  Steel  Inst., 
May.  1918. 

EFFECT  of  pressure  on  oonduotivity  of  metals 
and  the  Wiedemann  Frana  law.  8.  Lussana. 
[Influensa  della  pressione  sulla  conduoi  biliU 
calorifica  ed  elettrica  dei  metalli  e  la  lej||e  di 
Wiedemann-Frans.  Nuo90  CitiMtUo  (Mar., 
Apr.,  1918)  1»,  130-70. 

ELECTRIC  arc  weldinc.  Elect.  R09.  (Nov.  1, 
1918)  88,  414-5.  1500  w.  Senal.  From 
Jnl.  A.  I.  B.  E.,  88,  No.  9.    Abe. 

ELECTRIC  conductivity  in  examination  of  iron 

and  steel.     B.  D.  Enlund,  Om  anvind-bar- 

^  heten  av  elektriska  motstAndsmltningar  f5r 

undersdkning  av  j&m  och  st&l.    Jem-Kont. 

Ann.  (1918)  No.  3  and  4.  165-221.  56  p. 

ELECTRIC  furnace  for  forging  steel.  Iron  A 
Coal  Tr.  Rn.  (Oct.  18.  1918)  97, 439.     600  w. 

ELECTRIC  furnace  in  steel  foundry.  W  E« 
Moore.  Canad.  Foundryman  (Oct..  1918)  9t 
258-9.-  2200  w.;  Iron  Age  (Nov.  14,  1918) 
lot,  1206-7.  1500  w.  Read  before  Am. 
Foundryman*s  Ass. 

ELECTRIC  furnace,  Easily  handled.  Iron  Tr. 
Rn.  (Oct.  31,  1918)  68,  1019-20.     1500  w. 

ELECTRIC  furnace  in  manufacture  of  steel. 
Inoegneria  Italiana  (Sept,  5.  1918)  1,  138-9. 
600  w.     From  paper  by  Sir  Robert  Hadfield. 

ELECTRIC    furnace,    Performance    of    small. 

BUutFur.  A  SteelPlant  (Nov.,  1918)  6,443-ft. 

1000  w. 
ELECTRIC  furnace.  Simple,  for  hi^h  tempera- 
ture testing.     J.  Arnott,  Metal  Ind.  (Oct.  4, 

1918)  IS,  221-2.     400  w. 
ELECTRIC  precipitation  of  blast  furnace  dust. 

Iron  A  Coal  Tr.  Ret.  (Oct.  4.  1918)  97,  381. 

1000  w.     From  A.  I.  M.  E.  Butt.,  Aug.,  1918, 

Abe.  of  paper  by  O.  H.  Eschhols. 
ELECTRIC  resistance,  On  variation  of,  during 

fusion  of  metals.     H.  Tsutsumi,  Set.  Rep. 

Tdhoku  Imp.  Univ.  (Sept.,  1918)  7,  93-106. 

3000  w. 
ELECTRIC  steel  furnaces.     Travelere  Standard 

(Nov.,  1918)  e,  217-22.     1400  w. 

ELECJTRIC  steel  works  of  Ugine,  Great.  Les 
srandes  aci^ries  61ectriquos  d'Ugine.  JrU. 
Four  Elect.  (Oct.  15,  1918)  193-4.     900  w. 

ELECTTRIC  welding — ^A  new  industry.  H.  A. 
Hornor,  Elect.  Newa  (Nov.  15, 1918)  17,  23-6. 
2300  w.:  Contr.  Rec.  (Nov.  20,  1918)  81, 
931-4.  3500  w.  Paper  read  before  A.  I.  E. 
E.,  Sept.  16,  1918;  Elect.  Traction  (Nov., 
1918)  14,  750  et  seq.     1500  w.     Abs. 

ELECTRIC  welding  and  its  application  to  ship 
construction  and  repair.  J.  Caldwell,  Paoee 
Enono.  Wkl'f.  (Oct.  11, 1918)  88, 175.    1000  w. 

ELECTRIC  welding.  Notes  on.  H.  K.  Porter, 
Engng.  A  Min.Jnl.  (Nov.  23,  1918)  108,914. 
600  w. 

ELECTRIC  welding  nomenclature  and  symbol- 
ism. Ry.  Rev.  (Nov.  16.  1918)  68,  702-7. 
2500  w. 

ELECTRIC  welding  to  shipbuilding.  Experi- 
ments of  Lloyd's  Register  on  application  of. 
EiHfng.  A  Contr.  (Oct.  30,  1918)  60,  420-2. 
3000  w.     From  Engng, 

FERROALLOY,  Copper  company  makes.  Iron 
Tr.  Rev.  (Nov.  14. 1918)  68, 1126-6.     1000  w. 

FERRO-alloys.  J.  W.  Richards,  Engng.  A  Min. 
Jnl.  (Nov.  2.  1918)  106,  787-90.  4000  w.; 
Blaet  Fur.  A  Steel  Pton*  (Nov.,  1918)  6,  448- 
51.  3800  w.;  Set.  Am.  Sup.  (Nov.  30,  1918) 
86,    342-3.     3300    w.     Paper    read    before 
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Chem.  Ind.,  Sept.  27.  1918;  Min.  A  Sd.  Fr. 
(Nov.  9.  1918)  117,  631-3.     1300  w.    Abs. 

FERRO-allqvs.  Manufacture  of.  in  elee^o  fur- 
nace. £.  S.  Bardwell.  BuU.  Am.  Inst.  Min. 
Engrs.  (Nov..  1918)  1651-4.  1500  w.  Di»- 
cussion  of  paper  by  K.  M.  Keeney,  A.  I.  M.  E. 
BuU.  140.  Aug.,  1918. 

FERROMANGANESE,  Development  of,  indus- 
try. T.  Swann.  J?nan0.  A  Min.  Jnl.  (Nov. 
16.  1918)  106,  874.  1000  w.;  Iron  Age  (Oct. 
31.  1918)  101.  1075.  1000  w.;  Chem.  A 
Met.  Engng.  (Nov.  1. 1918)  19,  672-3.  1400 
w.  Abs.  of  paper  presented  before  Chem. 
Ind..  Sept.  27;  1918. 

FERROMANGANESE  shortage.  G.  Sirovich. 
La  Deficiensa  del  ferromanganese.  IngeO" 
neria  Italiana  (Sept.  12.  1918)  S,  145-8. 
2400  w. 

FORCING  dirt  up  riser  a  good  way  to  stop  de- 
fects. F.  H.  Bell,  Canad.  Foundryman  (Oct., 
1918)  9,  239.    800  w. 

FORGING  metals.  Abstiebolaget  Svenska  Kul- 
lagerfabriken.  British  Pat.  118640.  Ill 
Off.  Jnl.  (Oct.  30.  1918)  2439.     500  w. 

FOUNDRY  sand  mixtures.  Bettering  quality  of. 
H.  B.  Hanley.  Canad.  Foundryman  (Oct., 
1918)  9,  243-5.     8000  w. 

GALVANIZING  sheets.  Modern  practice  in. 
C.  F.  Poppleton.  Metal  Ind.  (Oct.  11.  1018) 
18, 238-40.     2000  w.     Serial. 

GALVANOMAGNETIC  phenomena.  Relation 
between  certain.  C.  w.  Heaps,  Phya.  Ret. 
(Nov.,  1918)  U,  340-^.     2500  w. 

GATING  of  metal  castings.  R.  V.  Hutchinion, 
Metal.  Ind.  [S.  Y.]  (Nov.,  1918)  16,  495-7. 
1000  w. 

GERMAN  iron  industry.  Engng.  (Oct.  4.  1018) 
106,  384.     800  w. 

GERMANY  losing  grip  on  iron  and  steel  sources. 
Canad.  Foundryman  (Oct..  1918)  9,  255-6. 
1200  w. 

GERMAN  steel  trade.  Edit.  Iron  A  Steel  Tr. 
Jnl.  (Nov.  2.  1918)  491.     1000  w. 

Grun  growth  in  metals.  Z.  Jeffries,  Prac.  Engr. 
(Sept.  19, 1918)  68, 139-40.  1200  w.;  (Sept. 
26, 1918)  68, 151-3.  2000  w.;  (Oct.  17. 1918) 
68,  185-7.  2500  w.;  Serial.  Engng.  (Sept. 
27,  1918)  106,  357-60.  4000  w.  Condu- 
sion. 

GREY  iron  foundry  of  Darling  Bros.,  New. 
Canad,  Maehy.  (Nov.  14,  1918)  10,  574-5. 
500  w. 

GROWTH  in  grey  cast  iron.  Method  for  preven- 
tion of.  J.  E.  Hurst,  Fdy.  Tr.  Jnl,  (Oct.. 
1018)  10,  523-5.  2100  w.;  Iron  Age  (Nov. 
7.  1918)  101,  1144-5.  1500  w.;  Engng.  (Oct. 
11.  1918)  106^  415.  1200  w.  Paper  read 
before  Iron  A  Steel  Inst..  Septw  12,  1918. 

HARDENING  and  tempering  metals.  H.  C. 
Dickson.  British  Pat.  118954.  lU,  Off.  JnL 
(Nov.  6.  1918)  2567.     100  w. 

HARDENING  tyres.  A.  Norton,  British  Pat. 
118920.  lU.  Off.  Jnl.  (Nov.  6,  1918)  2554. 
100  w. 

HARDNESS,  Determination  of.  Iron  A  Coal 
Tr.  Rev.  (Oct.  25,  1918)  97,  464^.  2400  w. 
Read  before  Inst.  Mech.  Engrs. 

HARDNESS,  Ludwik,  test.  W.  C.  Unwin, 
Engng.  (Oct.  25.  1918)  106,  478.  1500  w. 
Paper  read  before  Inst,  of  Mech.  Engrs.,  Oct. 
18,  1918. 

HARDNESS  testing.  A.  F.  Shore.  Engng.  (Oct. 
18.  1918)  106,  444-6.  3000  w.  Paper  read 
before  Iron  A  Steel  Inst.,  Sept.  12,  1018. 

HARDNESS  testing.  Engng.  (Oct.  25,  1918) 
106,469-72.     6400  w.     Discussions. 

HARDNESS  tests;  Relation  between  Brinell  ball 
test  and  sderoscope  readings.  J.  J.  Thomas. 
Engng.  (Oct.  18,  1918)  106,  447.     500  w. 
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HARDNESS,  V^ue  of  indentation  method  in 
determination  of.  R.  G.  C.  Batson,  Engng, 
(Oct.  25.  1918)  IM,  475-7.  2200  w.  Paper 
reawi  before  Inst,  of  Meoh.  Engrs.,  Oct.  18, 
1918. 

HEAT  treating.  Furnace  for  annealing  or.  W.  N. 
Beet,  U.  S.  Pat.  1281489.  Off.  Oaa.  (Oct.  15, 
1918)  tM,  437.     200  w. 

HEAT  treating  furnace.  Continuous.  T.  F. 
Baily  and  E.  T.  Cope.  Canad.  Pat.  185553. 
Off.  Bee.  (July,  1918)  46,  2111.     1000  w. 

HEAT  treatment.  Effect  of,  on  quality  of  steels. 

L'influence   aes   traitements    m^aniques   & 

chaud  sur  la  quality  des  aciera.     BtUl.  Tech. 

Suisse    Rom.    (Nov.    2,    1918)    44,    204-5. 

1500  w. 
HEAT  treatment,  Organise  society  at  Chicago. 

Iron    Tr,   Bn.    (Nov.    14,   1918)   68,   1134. 

200  w. 

HETEROGENEITY  of  steel.  L'H6t6rog6n6ite  de 
I'acier.  H.  Le  Chatelier  et  B.  Bo«tch. 
04nie  CivU  (Nov.  2, 1918)  78, 350-1.     ICKX)  w. 

HOT  deformation,  Influence  of,  on  steel.  G. 
Charpy,  BUutFur.  A  SUel Plant  (Nov.,  1918) 
6,  46fr-7.  2500  w.;  Iron  A  Steel  of  Can. 
(Nov.,  1918)  1.  397-404.  4500  w.  From 
British  Iron  and  Steel  Inst.,  Sept.,  1918. 

INDUSTRIAL  electric  furnace.  Technical  con- 
siderations of.  J.  Escard.  Considerations 
techniques  sur  les  fours  6lectriques  indus- 
triels:  clsssification  choix  des  appareils, 
installation,  mode  d'  emploi  et  conduite. 
Ret.  Oen.  BUe.  (Oct.  19,  1918)  4,  575-91. 
10.000  w. 

IRON  and  steel,  Black  finishes  on.  Metal  Ind. 
IN.  Y.l  (Nov.,  1918)  16,  509-10.     1500  w. 

IRON  and  steel,  Conditions  in  Southern.  Mfra. 
Rec.  (Nov.  21,  1918)  74,  68.     600  w. 

IRON  and  steel  trades  after  war.     W.  H.  Kid- 

ston,  Iron  A  Coal  Tr.  Rev.  (Oct.  25,  1918)  97, 

.466-7.     2000  w. 
IRON  bars.     SUel  A  Metal  Digeet  (Nov.,  1918) 

8,  639.     400  w. 
IRON,  Note  on  reversal  of  Corbino  effect  in.     A. 

W.  Smith,  Phye.  Rev.  (Nov.,  1918)  U,  337-9. 

600  w. 
MALLEABLE    cast    iron.     E.    Turner,    Page'e 

Enomi.  Wkly.  (July  5.  1918)  SS,  6-7.     2000 

w.     Conclusion. 

MALLEABLE  cast  iron,  Phosphorus  in.     J.  H. 

Teng,  Fdy.  Tr.  Jnl.  (Oct.,  1918)  10,  528-9. 

1100  w.     Abe.  of  paper  read  before  Iron  & 

Steel  Inst. 
MALLEABLE   casting,   Integrity   of.     E.   Tou- 

ceda.  Iron  Age  (Nov.  14,  1918)  102,  1204-5. 

1500  w.     From Jpaper  i>re8ented  before  Am. 

Foundrymen's  Convention,  Oct.  7,  1918. 

MANGANESE,  Relative  life  of,  and  open  hearth 

rail  on  curves.     Engng.  A  Contr,  (Nov.  20, 

1918)80.479.     300  w. 
MANGANESE  steel.  Manufacture  of,  castings. 

B.  S.   Carr,   Machy.   (Oct.,   1918)   16,   182. 

1200  w. 

METAL  hardening  and  tempering  furnaces.     W. 

R.  Bennett,  Brit.  Pat.  118698.    III.  Off.  Jnl. 

(Oct.  30,  1918)  2423.     200  w. 
METAL  manufacture.     A.  M.  Craig,  Canad.  Pat. 

185596.     Off.   Ree.    (July,    1918)    46,   2136. 

800  w.     Canad.  Pat.  186697,  2137.     1000  w. 

METAL  rolling  machine.     D.  A.  Clark,  Canad. 

Pat.  185742.     Off.  Rec.  (July,  1918)  46,  2205. 

600  w. 
METAL  rolling.     Ironmonger  (Oct.  26, 1918)  166, 

53.     1000  w. 

MELTING  and  re-heating  furnace.  New.  Fdy. 
Tr.  Jnl.  (Oct.,  1918)  SO,  543-4.     700  w. 

METALLOGRAPHIC  investigation  of  trans- 
verse-fissure rails  with  special  reference  to 
high  phosphorus  streaks.    G.  F.  Comstook, 
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Bull.  Am.  Inst.   Min.  Engrs.   (Nov.,  1018) 
1699-1714.     5000  w. 

METALLURGICAL  notes.  W.  G.  Dauneey. 
Bull.  Canad.  Min.  Inst.  (Nov..  1918)  936-8. 
800  w. 

METALLURGICAL  progress  and  works  manage- 
ment. Edit.  Metal  Ind.  [London]  (Oct.  25, 
1918)  IS,  284.     700  w. 

METALLURGY  and  science.  Edit.  Bngno- 
(Oct.  25,  1918)  106,  467-8.     1500  w. 

MOULD  making  machine.  E.  Ericsson,  Canad. 
Pat.  185605.  Off,  Rec.  (July,  1918)  46,  2142. 
600  w. 

NON-metallic  inclusions:  Their  constitution  and 
occurrence  in  steel.  A  McCance,  Iron  A 
SUel  of  Can.  (Nov.,  1918)  1,  412-5.  3500  w. 
Serial. 

OIL,  Burning  in  cupolas.  J.  H.  Hall,  Iron  Age 
(Nov.  7,  1918)  lOS,  1142-3.  1000  w.  From 
paper  presented  before  Am.  Foundrymen'i 
Ass.,  Oct.,  1918. 

OPEN-hearth  furnace  design.  Principles  of.  C. 
H.  F.  Bagley,  Engng-  (Sept.  27,  1918)  106, 
338.  700  w.:  (Oct.  11,  1918)  106,  400-2. 
2500  w.;  BlaetFur.  A  Steel  Plant  (Nov.,  1918) 
6,  471.  800  w.;  Iron  A  Steel  of  Can.  (Nov., 
1918)  1,  405-11.  4500  w.  Paper  read  be- 
fore Iron  A  Steel  Inst.,  Sept.  18,  1918. 

OPEN  shop,  Must  maintain,  after  war.  W.  H. 
Barr.  Iron  Age  (Nov.  14,  1918)  lOS,  1208. 
800  w.  Abs.  of  paper  presented  before 
National  Founders'  Ass.,  Nov.  13,  1918. 

ORDNANCE  castings.  Meeting  specifications  for 
Army.  E.  R.  Swanson,  Iron  Age  (Oct.  31, 
19185  lOS.  1086-7.     1000  w. 

ORDNANCE  purposes.  Steel  castings  for.  J.  H. 
Hall.  Iron  Age  (Oct.  31,  1918)  lOS,  1084-6. 
1800  w. 

ORDNANCE  steel  for  Armv  and  Navy,  Making. 
J.  H.  Hall,  Foundry  (Nov.,  1918)  60,  535-7. 
3500  w. 

POTASH.  Recovery  of  from  blast  furnaces.  L. 
Bradley.  Iron  Age  (Nov.  7, 1918)  lOS,  1151-3. 
1700  w. 

POURING  castings.  Taking  advantage  of  law  of 
gravity  in.  M.  Older,  Canad.  Foundryman 
(Oct.,  1918)  »,  240-1.     1300  w. 

POURING,  Modern  system.  Iron  Age  (Nov.  14, 
1918)  lOS.  1203.  500  w.  Abs.  of  paper  by 
M.  P.  Ohlsen  before  the  Am.  Foundrymen'i 
Ass. 

PRODUCING  special  steel  to  suit  specific*  pur- 
poses. Canad.  Foundryman  (Oct.,  1918)  t, 
251-3.     1600  w. 

REDUCING  iron  ores.  H.  A.  Greaves,  Brit. 
Pat.  118647.  III.  Off.  Jnl.  (Oct.  30,  1918) 
2447.     200  w. 

REFRACTORIES  used  in  steel  production.  Es- 
sential properties.  A.  Reynolds,  Fdy.  Tr. 
JnL  (Sept.,  1918)  SO,  476-7.     1500  w. 

REQUIREMENTS  for  steel  castinn.  Govern- 
ment. E.  R.  Swanson,  Foundry  (Nov.,  1918) 
60,  638. 

ROLLED  shell  steel,  Physical  teste  of.  J.  J. 
Mahon,  Iron  Age  (Oct.  31.  1918)  lOS,  1082-3. 
700  w. 

SAFETY  device  for  forging  manipulators.  D. 
Kendall,  U.  S.  Pat.  1281393.  Off.  Oaz.  (Oct 
16.  1918)  S66.  412.     200  w. 

SAND-blost  equipment.  How  to  select  suitable. 
H.  D.  Gates,  Foundry  (Nov.,  1918)  60,  539- 
46.     6000  w. 

SAND-cast  forging  ingote,  Making.  W.  L. 
Booth.  Iron  Age  (Nov.  7,  1918)  lol,  1139-40. 
700  w.  Abs.  of  paper  in  M^al.  Tr.,  Oct,, 
1918. 

SCOTTISH  steel  industry.  Shipbldg.  A  Ship- 
ping Rec.  (Oct.  24,  1918)  IS,  406.     700  w. 
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JAW  CRUSHBRS  for  every  purpose  ill  fitted 
with  cast  steel  w&ter-cooled  pitman,  water- 
cooled  main  pitman  ahaft9>earings  and  built  in 
sizes  from  j"  x  lo"  Jaw  opening,  up  to  and  in- 
cluding the  Giant  6S"  x  86"  crusher  weighing 
680,000  pound*,  the  largest  Crusher  in  the 
world.     Bulletin  J-i. 

CRUSHING  ROLLS  with  the  "Fleeting  Roll" 
the  only  Crushing  Rolls  built  which  have  an 
automatic  device  for  shifting  the  position  of 
the  fixed  roll  in  a  lateral  direction.  Corrugat- 
ing and  Flanging  of  the  Roll  shell  eliminated, 
thus  assuring  a  greater  tonnage  per  set  of  shells, 
also  a  greater  tonnage  of  finished  product  per 
horse  power  consumed.  Built  in  sizes  from 
i8"«io"  to  70"  1 30"  inclusive.    Bulletin  R-i. 

SHELTinO  FURHACBS  for  Copper  or  Lead 
Smelting  equipped  with  Traylor  Patented 
Water  Jackets,  having  the  tuyfere  an  integral 
I  part  of  the  Gre  sheet  which  b  free  from  all  pro- 
jections, also,  Traylor  quick  detachable  tuyiie 
connection  and  many  other  features  which  have 
made  Traylor  Smelting  Furnaces  World  Stand- 
ard, as  evidenced  by  -over  90%  of  all  new 
smelting  equipment  purchased  during  the  past 
fiscal  year  being  made  by  us.    Bulletin  SF'i. 

COPPER  CONVERTERS  so  designed  that 
any  tuyire  can  be  removed  without  interfering 
with  the  others.  Tuyire  Boies  that  can  be 
detached  without  disturbing  the  tuy^  pip^ 
liecBuse  of  the  Williams  connections.  Shelby 
improved  Tuyftre  valve,  universal  air  connec- 
tion, all  features  that  make  for  efficiency  and 
ease  in  <^ration.    Bulletin  C-i. 


Traylor  Engineering  &^  Mfg.  Co. 

Main  Office  and  Work«  Allentown,  Pa.,  U.  S.  A. 

NBW  YORK  CHICAGO  LOS  ANGELES  SPOKANE 
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SEMI-STEEL  shell  feature  of  convention  week. 
Canad.  Foundryman  (Oct.,  1918)  f,  248-50. 
1000  w. 

SHELLS,  Caet  iron,  in  permanent  moulds.  Fdy. 
TrJJnl.  (Sept.,  1918)  10,  471-3.     2400  w. 

SHRINKAGE  troubles  in  cast  iron.  Avoiding. 
Canad.  Foundryman  (Oct.,  1918)  »,  264. 
1000  w. 

8IDERURGICAL  establishments,  Laboratories 
of.  Laboratories  en  los  establecimientos 
siderurgicos.  Reviaia  Minera  (Oct.  24,  1918) 
69,  513-1.     1200  w. 

SILICA  brick.  How  to  make  best.  H.  Le  Chate- 
Her  and  B.  Bogitch,  Iron  Tr.  Rev.  (Nov.  21, 
1918)  eS,  1178-82.     3800  w.     From  A.  I.  M. 

E.  Bull.  141.  Sept.,  1918. 

SINTERING  process.  A.  J.  Lorain  and  A.  E. 
Sands,  Canad.  Pat.  185576.  Canad.  Pat. 
Off.  Rec.  (July,  1918)  46,  2126.     400  w. 

SLICK  rolling-forging  process  at  Cambria  Steel 
Works,  U.  S.  A.  Engng.  (Oct.  18,  1918)  106, 
432-3.     800  w.  From  Iron  Age. 

SMELTING  furnace.  E.  H.  Lundberg,  Canad. 
Pat.  185510.  Off.  Rec.  (July,  1918)  46,  2096. 
200  w. 

SPIEGEL  manufacture.  A.  L.  Cromlish,  Canad. 
Pat.  185367.  Off.  Rec.  (July,  1918)  46,  2031. 
100  w. 

SPONTANEOUS  generation  of  heat  in  recently 
hardened  steel.  Further  experiments  on.     C. 

F.  Brush,  Sir  Robert  A.  Hadfield,  S.  A.  Main, 
Proc.  Royal  Soc.  (Oct.  7,  1918)  96,  120-38. 
18  p. 

STEEL  as  affected  by  hot  deformation  during 
working.  G.  Charpy,  Prac.  Bngr.  (Oct.  24, 
1918)  68,  198-200.  2200  w.  Abs.  of  paper 
read  before  Iron  &  Steel  Inst.,  Apr.,  1918. 

STEEL  and  iron  hardening.  J.  R.  Messersmith, 
Canad.  Pat.  185514.  Off.  Rec.  (July,  1918) 
46,  2098.     100  w. 

STEEL  bars.  Manufacturing  for  rifle  barrels. 
W.  S.  Standiford,  Canad.  Machy.  (Oct.  31, 
1918)  10,  505  et  seq.     2000  w. 

STEEL  casting  development  in  West.  J.  D, 
Fenstermacher,  Blast  Fur.  dk  Steel  Plant 
(Nov.,  1918)  6,  452-3.     800  w. 

STEEL.  Canadian  Steel  Corp.,  Ltd.  Canad. 
Pat.  185428.  Off.  Rec.  (July,  1918)  46,  2054. 
100  w. 

STEEL,  Cooling  of,  in  ingot  and  other  forms.  J. 
E.  Fletcher,  Er^gng.  (Sept.  27,  1918)  106, 
337-8.  1500  w.  Ab».;  Fdy.  Tr.  Jnl.  (Oct.. 
1918)  SO,  630-7.  4200  w.  Abs.;  Engng. 
(Sept.  27.  1918)  106,  342-4.  2000  w.;  (Oct. 
4,  1918)  106, 371-4.  3500  w.;  (Oct.  11,  1918) 
106,  418-9.  2000  w.  Serial.  Paper  read 
before  Iron  &  Steel  Inst.,  Sept.  13,  1918. 

STEEL,  Essential  properties  of  refractories  used 
in,  production.  A.  Reynolds,  Mech.  World 
(Oct.  25,  1918)  64,  196-7.     1600  w. 

STEEL  ingots,  Causes  of  defects  in.  J.  N.  Kilby, 
Canad.  Machy.  (Oct.  31,  1918)  SO,  607-11. 
4000  w. 

STEEL,  Manufacture  of  S.  S.  Wales,  U.  S.  Pat. 
1282660.  Off.  Qaz.  (Oct.  22,  1918)  266,  793. 
100  w. 

STEEL,  Permissible  stresses  in  steel.  E.  S.  An- 
drews. Engng.  Rev.  (Oct.  15,  1918)  SS,  97-9. 
1300  w.    Conclusion. 

STEEL,  Warping  of,  through  repeated  quenching. 
J*  H.  Whitely,  Mech.  World  (Oct.  4,  1918) 
64,  161.  600  w.;  Page's  Engng.  Wkly.  (Nov. 
1,  1918)  8S,  209.  600  w.;  Engng.  (Sept.  27, 
1918)  106,  340-1.  700  w.  Abs.  of  paper 
read  before  Inst  -of  Metals. 

STEELS  for  gears  and  their  treatment.  G.  A. 
Richardson,  Fdy.  Tr.  Jnl.  (Oct.,  1918)  SO. 
638-9.     1500  w. 
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STRESSES,  Motion  pictures  of  metal.  Sd.  Am. 
(Oct.  26,  1918)  lit,  329.     500  w. 

TESTS  of  large  bridge  columns.  J.  H.  Griffith 
and  J.  G.  Bragg,  Mech.  World  (Oct.  26,  1918) 
64,  197.     1200w. 

TREATING  steel  pieces  furnace.  W.  R.  Ben- 
nett, Canad.  Pat.  185364.  Off.  Rec.  (Jdy, 
1918)  46,  2027.     600  w. 

WARPING  of  steel  castings.  Canad.  Foundry- 
man  (Oct.,  1918)  »,  264.  1000  w.  Abs.  o, 
paper  by  T.  Brown  read  before  Britis* 
Foundry  man's  Assn.  h 

WASTE  heat  from  open  hearth  furnaces.  T.  B. 
Mackenzie,  Bla*t  Fur.  A  Steel  Plant  (Nov., 
1918)  6,  460-6.  3000  w.  From  a  paper 
read  at  the  British  Iron  A  Steel  Inst. 

WELDING  cast  steel.  D.  Baxter.  Managing 
Engr.  (Aug.,  1918)  6,  86-8.     2100  w. 

.WELDING,    Fusion,    fallacies.     S.    W.    Miller, 
Machy.  (Oct.,  1918)  S6,  123-4.     1000  w. 

WELDING  steel.  Difficulties  of,  by  oxyacetylene 
process.  B.  K.  Smith,  Ry.  Mech.  sngr. 
(Nov.,  1918)  9S>  628.  800  w.  Abs.  of  paper 
read  before  Northwest  Weld.  Assn. 

WOLFRAM  ore  and  tungsten.  Chem.  News 
(Oct.  25,  1918)  117,  337-8.  1000  w.  From 
Jnl.  Royal  Soc.  Arts,  No.  3436. 

METALLURGY  OF  NON-FERROUS 

METALS 

(See  also  Mineral  Resources,  Ore-dressing  and 

Preparation  of  Coal,  Coal  and  Coke,  and 

Metallurgy  of  Iron  and  Steel) 

ADMIRALTY  gun-metal:  The  influence  of  im- 

Suritics  on  its  mechanical  properties.  F. 
ohnson,  Prac.  Engr.  (Oct.  24,  1918)  68,  197- 
8.  1800  w.  Serial.  Fdy.  Tr.  Jnl.  (Oct. 
1918)  SO,  626.  600  w.  Abs.  of  paper  read 
before  Inst,  of  Metak,  Sept.,  1918. 

ALLIED  Metals  Congress.  Canad.  Min.  JnL 
(Nov.  1,  1918)  S9,  364-5.     1000  w. 

ALLOYS.     British  .Thomson-Houston  Co.,  Brit. 
Pat.  118947.    III.  Off.  Jnl.  (Nov.  6,  1918) 
-     2564.     100  w. 

ALLOYS,  F.  Milliken.  Brit.  Pat.  118825.  IZ2. 
Off.  Jnl.  (Nov.  6,  1918)  2614.     100  w. 

ALLOYS,  Light,  in  aircraft  construction.  F.  W. 
HalliwelT,  Aviation  (Nov.  15,  1918)  6,  497-8. 
1500  w. 

ALUMINIUM.  Faraday  Society.  Fdy.  Tr.  JnL 
(Sept.,  1918)  SO,  486.     400  w. 

ALUMINUM  alloy  and  process  of  making  same. 
L.  S.  Gardner.  Canad.  Pat.  1280706.  Off. 
Rec.  (July,  1918)  46,  190.     100  w. 

ALUMINUM,    Alloys    of,    with  rare  or  special 
alloys.      J.    E^card,    Metal    Ind.    [London] 
(Oct.  25,  1918)  18,  273-4.     1400  w.     Serial. 

ALUMINUM  and  its  alloys,  their  future  after 
the  war.  Dr.  Rosenhain,  Aeronautics  (Get. 
2,  1918)  16,  321-2.     1900  w. 

ALUMINUM  and  its  alloys.  Metal  Ind.  [Lon- 
don) (Oct.  25.  1918)  18,  277.     300  w. 

ALUMINUM  and  its  light  alloys.  P.  D.  Merics. 
Chem.  A  Mel.  Engng. ^  VI.  Bibliography. 
(Nov.  15,  1918)  19,  729-32.  3000  w. 
Serial. 

ALUMINUM,  Annealing  cold  rolled,  sheet.  R. 
J.  Anderson,  Engng.  (Oct.  4,  1918)  106,  386- 
90.  3000  w.  Paper  read  before  Inst,  of 
Metals,  Sept.  11,  1918. 

ALUMINUM  bronze  as  an  engineering  materisL 
C.  Vickers,  Machy.  (Oct.,  1918)  S6,  135-6. 
2000  w. 

ALUMINUM-bronze.  Die-casting  of.  H.  Rix 
and  H.  Whitaker,  Sci.  Am.  Sup.  (Nov.  16, 
1918)  86,  314-6.  2400  w.  Paper  read  be- 
fore Inst,  of  Metals. 


s 
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Silver-Lead,  Copper  and  Pyritic  Smelting  Works,  Sampling  Works,  Copper  Bessemeriz- 
ing  PianU.Ro€k  Crushing  Plants,  SUmp  Mills.  Chlorinatlon  Mills.  Cyanide  Mills,  Cement 
MHIs,  Timber  Crcosoting  Plants.  Mine  Equipment,  Ore  Drying  Machinery,  Power  Trans- 
mission Machinery.  Apparatus  for  Pulverizing  and  Burning  Coal  for  Industrial  Purposa. 
Woodbury  System  of  Concentration,  Pachuca  Parral  and  Cyanide  Tanks,  Loomis- Petti- 
bone  Gas  Generators,  Suction  Gas  Plants  and  Oil  Englnu. 

Write  for  Catalogs  Upon  the  Above  Subjects. 


SUPERIOR  McCULLY  GYRATORY  CRUSHERS 
OUR  NEW  DESIGN  (Patented) 

The  Last  Word  in  Gyratory  Crusher  Construc- 
tion, Life  of  "Eccentric  and  Gears"  Lengthened 
"  200% ,"  Because  All  "Dust  and  Grit*'  is  Absolute- 
ly Excluded  and  "Cut  Gears"  run  "Quietly  in  Oil," 
Main  Shaft  60%  Stronger  than  any  Gyratory  of 
Corresponding  Opening:  Area  of  Eccentric,  100% 
Greater  than  any  Machine  of  Equal  Size. 

Capacities — 30  to  1000  tons  per  hour,  built  in 
sizes  from  10"  to  54".  opening.  Ask  for  BuUetih 
of  this  new  machine. 

SUPERIOR  JAW  CRUSHERS 

We  were  the  Pioneer  Builders  of  Large  Jaw 
Crushers — Have  More  Large  Machines  in  Opera- 
tion than  all  other  Manufacturers  Combined — Re- 
peat Orders  for  84"x6o"  Machines  from  Chile 
Copper  Co.;  Chino  Copper  Co.;  Hardaway  Co.; 
Luossavaara  Kurunavaara  Aktiebolag.  Built  in 
sizes  from  36"  x  24"  to  84"  x  66".  Capacities — 70 
to  600  ton  per  hour.    Ask  for  Bulletin  No.  44. 

COPPER  CONVERTERS  GT.  FALLS  TYPE 

Manufactured  in  two  distinct  designs,  known  as 
the  Cananea  or  Copper  Queen  type,  and  the  Ana- 
conda type.  Both  designs  furnished  with  side  or 
vertical  blow  tops,  of  any  desired  diameter  opening. 
Number  of  tuydres  may  range  from  20  to  28,  as 
desired.  Blast  connection  may  be  placed  on  either 
side  of  converter. 

GARFIELD  CRUSHING  ROLLS 

Manufactured  in  a  wide  range  of  sizes,  to  meet 
the  requirements  of  discriminating 
engineers,  who  demand  an  exception- 
ally efficient  and  worthy  design.  Most 
sizes  of  Garfield  Rolls  so  constructed 
as  to  permit  the  use  of  oversize  roll 
shells.  A  wide  range  of  standard  de- 
signs, and  also  several  special  types  equipped  with  heavy,  fly-wheel  type  pulleys' 


WORTHINGTON  PUMP  AND  MACHINERY  CORPORATION 

115  Broadway,    -    New  York 

Ponrer  and  Mining  Machinery  Worlds,  Cudahy,  Wis. 

M459-* 


(Please  mention  thi«  bulletin  when  writing  advertisers.]  (25) 
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ALUMINUM    bronse,   Overcoming  diffioaltiM. 
Ftfvfidry  (Not.,  1918)  M,  534.    800  w. 

ALUMINUM,  CaBting  in.  Prac  Enor.  (Sept. 
26,  1918)  M»  163.     SOO  w. 

ALUMINUM,  Tflito  on.  Easaie  but  I'alu- 
minium.  B%di.  Soc.  Fran.  Elect.  (July-Aug.- 
Sept.-Oot.,  1918)  S,  332-5.    700  w. 

ALUMINUM.  Solders  for.  P.  D.  Merioa  and 
L.  F.  Gurevich.  M^l  Jnd.  [N.  Y.]  (Not., 
1918)  18,  600-3.     1600  w. 

AMERICAN  tpirlet  roasting  furnaoe.  Min. 
Mag.  (Oct..  191^  19,  216-3.  1200  w.  Abs. 
of  paper  by  H.  J.  Harlow  in  Engng.  dfc  Min. 
JfU,,  Aug.  17,  1918. 

ANTIMONY,  Transvaal.  S&uth  Afr.  Min.  Jnl. 
(Sept.  28,  1918)  IS,  63-4.     600  w. 

BRASS  and  copper  reconstruction.  Edit.  Metal 
Xnd.  [LondonI  (Oct.  25,  1918)  IS,  286,  800  w. 

BRASS  castings.  Expansion  and  contraction  of. 
Useful  foundry  information  for  pattern- 
maker and  founder.  P.  W.  Blair,  Metal  Ind. 
(Oct.  4.  1918)  U,  222.     600  w. 

BRASSES  and  white  metal,  Separating.  Metal 
Ind.  [N.  Y.l,  (Nov.,  1918)  i6,  606.  300  w. 
From  Metall  und  En. 

CARBONIZING,  Comparisons  of.  results.  N. 
H.  Humphreys,  Oae  Jnl.  (Oct.  8.  1918)  144, 
70-1.     800  w. 

CASTING  lead  and  the  like.  W.  Eckford,  Brit. 
Pat.  119064.  III.  Off.  Jnl.  (Nov.  13.  1918) 
2603.     300  w. 

COPPER-aluminum  ftUosrs.  Disintegration  of. 
R.  Seligman  and  P.  Williams.  Prae.  Engr. 
(Oct.  17.  1918)  M.  187-8.  400  w.;  Bngna. 
(Oct.  18.  1918)  106,  448.  500  w  Sub- 
mitted to  Inst,  of  Metals,  Sept.  11,  1918. 

COPPER  in  converter  slags.  F.  E.  Lathe.  Chem. 
A  Met.  Engng.  (Nov.  16,  1918)  19.  700-1. 
600  w.    Letter. 

COPPER,  Process  of  leaching,  ores.  A.  W. 
Hahn.  U.  S.  Pat.  1282416.  Off.  Oaz.  (Oct. 
22.  1918)  S66r726.     300  w. 

COPPER,  pure.  Tensile  properties  of.  W.  E. 
AUdns.  Prae.  Engr.  (Sept.  19,  1918)  68, 
135-7.  2200  w.  Abe.  of  paper  read  before 
Inst,  of  Metals. 

COPPER,  Relation  of  sulphur  to  overpoling  of. 
F.  Johnson,  BuU.  Am.  Inst.  Min.  Engrs. 
(Nov..  1918)  1637-8.  800  w.  Discussion  of 
paper  by  S.  Skowronski,  A.  I.  M.  E.  BuU. 
135,  Mar..  1918. 

CYANIDATION.  Sodium  sulphide  in.  F.  Wart- 
enweiler.  Aftn.  A  Sci.  Pr.  (Nov.  2,  1918)  117, 
591-4.     3000  w. 

CYANIDE  method,  Crowe's.  Min.  Mag.  (Oct., 
1918)  19,  176.     400  w. 

DUCTILE  tungsten,  Process  for  production  of. 
C.  A.  Pfanstiehl.  Off.  Oom.  (Oct.  22, 1918)  t66, 
647.     100  w. 

DUTCH  Government's  copper  office.  Iron- 
monger  (Oct.  26,  1918)  IM,  52.     500  w. 

ELECTROLYTIC  process.  M.  M.  Merritt.  U. 
S.  Pat.  1282262.  Off.  Oae.  (Oct.  22,  1918) 
M6,  685.  200  w.;  U.  S.  Pat.  1282263.  t66, 
686.     100  w. 

ELECTROLYTIC  sine.  BvU.  Am.  Inst.  Min. 
Engrs.  (Nov..  1918)  1638-41.  1300  w. 
Discussion  of  paper  by  C.  A.  Hansen,  A.  I.  M. 
E.  BuU.  136.  Mar..  1918. 

ELECTROSTATIC  preoipiUtion.  BuU.  Am. 
Inst.  Min.  Engrs.  (Nov..  1918)  1654-67. 
5000  w.  Discussion  of  pap«r  by  O.  H.  Esch- 
hols,  A.  I.  M.  E.  BuU.  140,  Aug.,  1918. 

EXTRACTION,  Calculation  of,  in  continuous 
agitation.  A.  Ham  and  H.  S.  Coe,  Chem.  A 
Met.  Engng.  (Nov.  1, 1918)  19, 663-6.  2000  w. 

EYRE  Smelting  Co.,  Limited.  Metal  Ind.  [Lon- 
don] (Ootr26,  1918)  IS,  276-7.     1200  w. 
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GOLD,  Grease  amalgamation  of.  H.  A.  White, 
Engng.  A  MinTjnl.  (Nov.  23. 1918)  106,904. 
600  w. 

GOLD  ores.  Roasting  for  amalgamattng  and  ey- 
aniding  Cripple  Creek  suiphotelluride.  J. 
M.  Tippett,  BuH.  Am.  Inst.  Min.  Engn. 
(Nov..  1918)  1668-9.  600  w.  Discussion  of 
paper  by  A.  L.  Blomfield  and  M.  J.  Trott, 
A.  I.  M.  E.  BuU.  140.  Aug..  1918. 

GOLD  recovery,  Special,  processes  practised  by 
early  Portuguese  ana  Spaniards.  E.  Jordan, 
Ckem.  A  Met.  Engng.  (Nov.  1,  1918)  19, 653. 
800  w.    Letter. 

HERAULT  furnace  used  for  non-ferrous  alloys. 
Canad.  Machy.  (Nov.  14,  1918)  SO,  663-6. 
1000  w. 

LEAD  refining  at  Bunker  Hill  Plant.  C.  T.  Rice, 
Engng.  A  Min.  Jnl.  (Nov.  2,  1918)  106, 771- 
7.     3000  w.  / 

MACROGRAPHIC  examination  of  alloyi. 
L'Ezamen  macrographique  des  AUiages. 
Mitdux  AUiagee  Mack.  (Sept..  1918)  1-5. 
3000  w. 

MANGANESE  and  manganese  copper.  Pure  car- 
bon free.  A.  Braid.  Braes  Wld.  (Nov..  1918) 
14, 320.  700  w.:  BuU.  Am.  Inst.  Min.  Engn. 
(Nov..  1918)  1697^.    900  w. 

MANGANESE  and  pyrite.  Min.  A  Sci,  Pr. 
(Nov.  16.  1918).llt,  666-6.    700  w. 

MELTING  and  re-heating  furnace.  New.  Fdy. 
Tr.  Jnl.  (Oct.,  1918)  SO,  543-4.     700  w. 

METAL  alloy.  H.  S.  Cooper.  Canad.  Pat 
185436.  Off.  Ree.  (July.  1918)  48,  2057. 
400  w. 

METAL  manufacture.  F.  A.  Eustis.  Canad.  Pat 
185443.  Off.  Ree.  (July.  1918)  46,  2062. 
600  w. 

METAL  substitute  in  Germany.  Erase  Wld. 
(Oct..  1918)  14.  309.     700  w. 

METALLURGICAL   practice   on    Cinnabar  at 

Idria.  Austria.    R.  Sterner-Rainer,  Chem.  A 

Met.  Engng.  (Nov.  15,  1918)  19,  721-7.    6000 

w.    Translated  from    Osterreichisohe   Zeit^ 

Bchrift  far  Berg  und   HQttenwesen.  v.  62. 

1914. 

MOLYBDENUM  and  alloys  thereof.  Process  of 
obtaining.  J.  A.  Holladay.  U.  S.  Pat 
1281961.  Off.  Gax.  (Oct.  15.  1918)  SM,  562. 
100  w. 

MOLYBDENUM.  Western  chemical  and  met- 
allurgical field.  Chem.  A  Met.  Engng.  (Nov. 
1,  1918)  19,  654-5.     800  w. 

MONEL  metal,  Note  on.  J.  Arnott,  Engng. 
(Oct.  25.  1918)  106,  451.     1000  w. 

NOBEL  metal  alloy.  G.  H.  Dufour,  U.  S.  Pat 
1282055.  Off.  Oax.  (Oct.  22.  1918)  SOf,  627. 
100  w. 

ORE  amalgamator.  Canad.  Pat.  185784.  Off. 
Ree.  (July.  1918)  46,  2220.     400  w. 

OXYGEN  and  sulphur  in  melting  of  copper 
cathodes.  S.  Skowronski.  Braes.  Wld.  (Oct., 
1018)  14,  281-2.  1000  w.  From  A.  I.  M.  E. 
BuU.,  Mch..  1918. 

OXYGEN.  Effect  of.  upon  precipitation  of  metab 
from  cyanide  solutions.  B%tU.  Am.  Inst 
Min.  Engrs.  (Nov..  1918)  1667-8.  500  w. 
Discussion  of  paper  by  T.  B.  Crowe,  A.  I.  M. 
E.  BuU.  140.  Aug..  1918. 

PLATINUM  and  copper.  Use  of.  E.  LignorreUe, 
L'emploi  du  platine  et  du  cuivre.  Oinie 
CivU  (Nov.  2.  1918)  78,  351-3.     2000  w. 

PLATINUM  and  similar  metals.  Process  for  ex- 
traction of,  from  their  sands  and  ores.  R* 
Thayer.  U.  S.  Pat.  1281878  (Oct.  16.  1918) 
S88,  541.     100  w. 

PLATINUM.  Process  for  recovering.  J.  S.  Neil 
Min.  A  Sei.  Pr.  (Nov.  23.  1918)  IIT,  681-2. 
900  w.    Letter. 
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(AMSCD) 

MANGANESE   STEEL 


AMSCO  Manganese 
Jaw  Plates 

Wear  Longer 
Practically  Unbreakable 
Most  Economical 


We  solicit  your  Inquiries  for 

Jaw,  Roll  and  Gyratory  Crusher  Repairs 

AMERICAN  MANGANESE  STEEL  COMPANY 

GenenU  Sales  Office,  HcCormick  Building,  CUcago 
We»teni  Sales  Office  Eastern  Sales  Office 

Hawhonu  BU(.  San  PrsnCiSCO  Office  HndHB  Tiimliul  Bide. 

Salt  Lake  Citj  Inmuc*  Bidunci  BU(.  New  York 

IPIboh  miDtion  this  ■ui.i.iitih  when  writioi  ftdvvrtiKr*.]  (37 
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RADIUM.  Bull.  Am.  Inat.  Min.  Encn.  (Nov., 
1918)  1672-4.  800  w.  Discussion  of  paper 
by  R.  B.  Moore,  A.  I.  M.  E.  Bull.  140.  Au«., 
1918. 

RECRYSTALLIZATION.  Rapid,  in  deformed 
non-ferrous  metals.  D.  Hanson,  Bngng. 
(Oct.  11,  1918)  IM,  403-4.  1200  w.:  Metal 
Ind.  (Oct.  4,  1918)  IS,  224-5.  1200  w. 
Paper  submitted  to  Inst,  of  Metals,  Sept.  11, 
1918. 

REDUCING  ores.  Machine  for.  R.  P.  Park,  U. 
6.  Pat.  1281646.  Off.  Oat.  (Oct.  15.  1918) 
tM,  477.     500  w. 

ROASTING  ores.  Process  of.  A.  B.  Newman, 
U.  S.  Pat.  1280283.  Off.  Gaz.  (Oct.  1,  1918) 
t§§,  47.     400  w. 

ROASTING  sulpho-telluride  gold  ores.  A.  L. 
Blomfield  and  M.  J.  Trott,  Min.  dt  Sci.  Pr. 
(Nov.  2,  1918)  117.  595-6.  1000  w.  From 
A.  I.  M.  E.  Bull.,  Aug..  1918.  Abe. 

ROLLING  Qiill,  American  Zinc  Products  Co.'s. 
J.  H.  Diets,  Engng.  dt  Min.  Jnl.  (Nov.  2, 
1918)  106,  778-9.     700  w. 

SILVER,  What  becomes  of.  Salt  Lake  Min.  Rev. 
(Nov.  15,  1918)  to,  28-9.     1700  w. 

SMELTING  cyanide  silver-precipitate  in  oil- 
burning  reverberatory  furnaces.  K.  A.  Cun- 
ningham and  Arthur  Feust,  Min.  <t  Sci.  Pr. 
(Nov.  9,  1918)  117,  621-4.     2000  w. 

SOLDER,  Its  use  and  abuse.  M.  L.  Lissberger, 
Metal  Ind.  fN.  V.l  (Nov..  1918)  16,  507-8. 
1500  w.     Also  A.  I.  M.  E.  Bull.,  Dec.  1918. 

SULPHUR  to  overpoling  of  copper.  Relation  of. 
S.  Skowronski,  Brase  Wld.  (Oct.,  1918)  14, 
279-81.  1100  w.  From  A.  I.  M.  E.  BuU., 
Moh.,  1918« 

SYMPOSIUM  on  conservation  of  tin.  CKem.  & 
Met.  Engng.  (Nov.  1. 1918)  10, 656-62.  5000 
w.     Also  A.  I.  M.  E.  BuU.,  Dec.  1918. 

TIN,  American  requirement^.  Ironmonger  (Nov. 
2,1918)160,53.     500  w. 

TIN  in  1917.  A.  Knopf,  Steel  &  Metal  Digeet 
(Nov.,  1918)  0.  644-6.     3000  w. 

TIN,  Saving,  in  railroad  antifriction  and  bell 
metals.  H.  M.  Waring,  Am.  Machinist 
(Nov.  14,  1918)  40,910.  600  w.  Abs.  En- 
tire paper  in  A.  I.  M.  E.  BtUl.,  Dec,  1018. 


,    TUNGSTEN,  MeUl  eztracUon.     E.  M.  Hamil- 
'  ton,  Canad.  Pat.  185437.     Off.  Rec.  (July, 

1918)  40,  2058.     600  w. 

,    TUNGSTEN,  Metollography  of.     P.  D.  Merica. 

BtiU.  Am.  Inst.  Min.  Engts.   (Nov.,  1918) 
I  1641-9.     3300  w.     Discussion  of  paper  bv 

Z.  Jeffries,  A.  I.  M.  E.  BvU.  138,  June.  1918. 

I    TUNGSTEN.     O.  Bertoya.  British  Pat.  119117. 
I  lU.  Off.  Jnl.  (Nov.  13,  1918)  2626.     100  w. 

TUNGSTEN,  Specific  heat  of.  at  inoandeacent 
temperatures.  P.  F.  Gaehr,  Phys.  Rev.  (Nor., 
1918)  It,  39&-423.     7000  w. 

■  YTTRIUM  mixed  metal.  Preparation  and  prop- 
erties of.  J.  F.  G.  Uieks,  Jnl.  Am.  Cnem. 
Soo.  (Nov.,  1918)  40,  1619-26.  2500  w. 
Abe.  of  thesis  submitted  to  Univ.  of  Illinois, 
June,  1918. 

ZINC  and  lead.  E.  T.  Lednum  and  R.  H.  Sam- 
mer.  Braee  Wld.  (Nov.,  1918)  14,  327.  500 
w.     From  2>u  Pont  Mag. 

ZINC.  Condensation  of,  from  its  vapor.  C.  H. 
Fulton,  Min.  Jnl.  (Nov.  2,  1918)  HO,  634-5. 
1500  w.  Serial.  From  A.  I.  M.  E.  Butt., 
Aug.,  1918.  Abs.;  E.  E.  Thum.  Bull.  Am. 
Inst.  Min.  En^.  (Nov.,  1918)  1649^1. 
500  w.     Discussion  of  paper  by  C.  H.  Fulton. 

ZINC,  Furnace  for  treating.  L.  Van  Gluck,  U.  S. 
Pat.  1280593.  Off.  Gae.  (Oct.  1.  1918)109, 
133    200  w: 

ZINC,  Metallurgy  of.  Nature  (Oct.  10,  1918) 
101,  101.     700  w. 

ZINC,  New  uses  for,  sought.  Engng.  <t  Min. 
Jnl.  (Nov.  23,  1918)  100.  920.     500  w. 

ZINC,  Processes  of  recovering.  F.  Laist,  Canad. 
Pat.  1281031,  Canad.  Pat.  1281032.  0/. 
Rec.  (Oct.  8.  1918)  100,  278.    Each  200  w. 

ZINC  refining;  American  practice.  L.  E.  Wem- 
ple.  Metal  Ind.  [London]  (Oct.  25,  1918)  19. 
400  w. 

ZINC.  Soldering  of.  W.  H.  Hendricks.  Braee 
Wld.  (Nov.n  1918)  14,  338.     500  w. 

ZINC.  Soldering  of.  E.  V.  Peters,  Metal  Ind. 
IN.  Y.l  (Nov.,  1918)  10,  497.     500  w. 

ZIRCONIUM  content  in  ores  and  alloys.  J.  D. 
Ferguson,  Engng.  A  Min.  Jnl.  (Nov.  2, 1018) 
100,  793-4.     900  w. 


DIAMOND  MINES  OF  SOUTH  AFRICA 


A  VERY  UNUSUAL  OFFER 


There  still  remain  in  stock  with  the  Institute  a  few  copies  of  Dr. 
Gardner  F.  Williams'  magnificent  book  on  *'The  Diamond  Mines  of  South 
Africa,"  which  he  is  selling  through  the  Institute  for  the  benefit  of  tte 
Red  Cross.  The  two  volumes,  beautifully  illustrated,  very  handsomely 
bound  in  full  levant,  sell  for  $10;  in  3/4  leather,  $8;  and  in  cloth  binding, 
$5.  The  Institute  makes  no  charge  for  handling  this  book  and  the  entire 
sum  paid  is  devoted  to  the  Red  Cross  in  the  case  of  the  levant  and  3/4 
leather  volumes.  In  the  case  of  the  cloth-bound  books,  the  cost  of 
binding  has  to  be  paid,  but  all  the  remainder  is  handed  to  the  Red  Cross. 
(28) 
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Pulverized  Coal  [quipment 


Amontf  some  o(  the  plants  tisintf  our  Pulverized  Coal  Equipment  (or  heating 
Industrial  Furnaces  and  Steam  Boilers  are  the  following: 

American  Iron  &  Steel  Co.,  Open  Hearth,  Puddling  and 

Heating  Furnaces. 
American  Locomotive  Worka,  Steam  Boilers. 
American  Smelting  &  Refining  Co.,  Reverberatory  Fur- 


American  Steel  &  Wire  Co.,  Open  Hearth  Fumaoea. 
American  Steel  &  Wire  Co.,  Heating  Fumaoea. 
Atchiaon,  Topelca  &  Santa  Fe  R.  R.,  Locomottvea. 
Atlantic  Steel  Company,  Open  Hearth  Fumaoea. 
Ash  Grove  Lime  &  Portland  Cement  Co.,  Steam  Boilers. 
Bethlehem  Steel  Co.,  Open  Hearth  Fumaoea. 
Choctaw  Portland  Cement  Co.,  Steam  Boilers. 
Inland  Steel  Co.,  Heating  Fumacea. 
Lackawanna  Steel  Co.,  Calcining  and  alao  Flue  Dust 

Nodulizing  Kilns. 
M.  K.  &  T.  Railroad,  Steam  Boilers. 
Milwaukee  Electric  Light  &  Power  Co.,  Steam  Boilers. 
Nichols  Copper  Company,  Smelter. 
Pacific  Coast  Coal  Co.,  Steam  Boilers. 
Pittsburgh  Malleable  Iron  Co.,  Malleable  Furnaces. 
Sizer    Forge  Compsny,  Heating  and  Forging  Furnaces 

&  Steam  Boilers.  * 

Scranton  Bolt  &  Nut  Co.,  Heating  &  Puddling  Furnaces. 
Spanish-American  Iron  Co.,  Ore  Roasting  &  Nodulizing 

Kilns. 

Stone  &  Webster  Co.,  Stesm  Boilers.  Union  Csrbide  Company,  Lime  Kilns. 

United  Verde  Elxt.  Mining  Co.,  Reverberatory  Furnaces  &  Stesm  Boilers. 

Practically  all  the  Cement  Plants  in  the  United  States  and  Canada  have 
installations  of  Fuller  Mills. 

Some  of  the  above  plants  are  using  Pnlverized  Coal  containing  from  io% 
to  17%  of  ash  for  heating  their  metaUnrgical  fnmacas. 

Fuller  Mills  are  today  pnlreridng  over  35,000  tons  of  coal  per  day  for 
heating  varioiis  types  of  fiurnaces. 

The  satisCeictory  performance  of  our  Pulverized  Coal  Equipment  warrants  your 
investigation.  We  manufacture  Coal  Crushers,  Dryers,  Fuller-Lehigh  Pulverizer 
Mills,  and  Pulverized  Coal  Feeders.  All  this  equipment  is  described  in  our 
Catalogue  No.  71  which  we  will  be  pleased  to  send  you. 

We  also  specialize  in  the  manufacture  of  lining  plates  for  tube  mills,  pebble  mills, 
ball  mills,  screen  plates,  chute  liners,  and  all  castings  subject  to  abrasive  action. 
Inquiries  covering  equipment  of  this  kind  will  receive  our  prompt  attention. 


FULLER-LEHIGH  COMPANY 

Main  Offices  and  Wctks:  Fullerton,  Pa.,  U.  S.  A. 

BRANCH  OFFICES: 

Nni  Ttrfc,  N.  Y..  M  Clurcl  St.;  Chkafi,  111..  NcCrnkk  BMf.;    Pamis,  lUi..  First  Nat.  Iiik  BIdf. 


pPlease  mention  this  Buujitin  when  writing  adTertiaen.| 
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CLEANER  FUEL  means  MORE  POWER 
with  FEWER  BOILERS 


Whether  you  bum  fiue  coal  under  your  own  boilers,  or  are 
shipping  it  to  others,  there  are  good  reasons  why  the  per- 
centage of  impurities  sbould^not  be  kept  as  low  as  possible. 


DEISTER-OVERSTROIM 

DIAGONAL  DECK 

COAL  WASHING  TABLES 

reduce  per  ton  costs  of  purifying  fuel  to  a  figure  which  is 
insignificant  in  comparison  with  the  improved  boiler 
efficiency  thereby  secured. 

They  are   entirdy  successful  where  jigs  and   other  such 
devices  have  failed;  and  our  engineers  will  be  glad  to  run  a 
test  on  any  fuel  submitted  for  the  purpose. 
Write  for  details 


DmsTER  CONCENTRATOR  company 

MA:ivrACtui»uw  or  Du-Tim  a.iu  DcivrKu-OvrntmHOM  T.wiua 

Mac*  OmcB,  Factory  and  Tbw  Pi^irr-FoRx  Wav.^k  Iisd. 

CaU*  AddrCH :  "R*lil>d,»  A.  B.  C.  gtk  Bdlttoo,  B«Ui»d-lf elltlL 
30)  [PImm  DMntion  thk  BULLsnii  whan  wiitini  advertiMn.) 
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1000  I7lh  Stmt  IS  S< 

his  auLUniH  whun  writini  kdvanistn.l 
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TH[  iDG[  mmm  mmt 


ical  condition  of  same,  num- 
ber of  tons  to  be  treated  per 
24  hours,  and  results  desired 
in  the  calcine. 


m[  MECHANICAL  MMl  COMPANY 

GREENWICH  POINT,         PHILADELPHIA 

32)  IPlBUa  mantioD  thit  bullxtih  whco  writini  BdvertiMn.] 
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FIRE  CLAY  BRICK,   SILICA  BRICK 
MAGNESIA  BRICK,  CHROME  BRICK 


Refractories  of  Highest  Grade 


h 


or 


Blast  Furnace  and  the  Open  Hearth, 
Electrical  Furnaces,  Copper  Smelt- 
ing Plants,  Lead  Refineries,  Nickel 
Smelters,  Silver  Slimes  and  Dross 
Furnaces,  Alloy  Furnaces,  as  well 
as  all  other  types  in  use  in  the  various 
Metallurgical  Processes. 


HARBISON-WALKER  REFRACTORIES  CO. 

PITTSBURGH  PENNA. 


[Please  zneDtion  thia  bcllbtin  when  writing  advertiaers.]  (33) 
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E.  J.  LAVINO  AND  COMPANY 

Bullitt  Building         -        PHILADELPHIA,  PA. 


PRODUCTS: 


Ferro-Manganese  Zirconia  Ore 

Ferro-Silicon  Chrome  Cement 

Ferro-Chrome  Magnesite  Cement 

Ferro-Tungsten  Chrome  Brick 

Ferro-Molybdenum  Magnesite  Brick 

Spiegeleisen  Fire  Brick 

Low  Carbon  Ferro-  Fire  Clay 

Manganese  Manganese  Dioxide — Lump 
Tungsten  Metal  _  and  Ground 

Tungstic  Acid  Fluorspar — Domestic  and 
Magnesium  Metal — Ingots  Foreign 

and  Powder  Emery  Ore 

Cupro-Magnesium  Metal  Hydrated  Ferric  Oxide  (or 
Manganese  Ore  Gas  Purification 

Chrome  Ore — Lump  and  Asbestos 

Ground  Mica 

Tungsten  Ore 


General  Sales  Agents  for  the  United  States  and  Europe  for  the 

ELECTRO  METALLURGICAL  SALES  CORPORATION 

Worka:  Niagara  Falls.  N.  Y..  Kanawha  Falls.  W.  V..  Holcomb  Rock.  Va. 


LAVINO  FURNACE  COMPANY 

80%  FERRaMANGANESE— SPIEGELEISEN— PIG  IRON 

Works :  Marietta  Furnace.  Marietta,  Penna.,  Sheridan  Furnace.  Sheridan,  Penna., 
Lebanon  Furnace.  Lebanon,  Penna..      Oriskany  Furnace,  Lynchburg,  Va. 


INTERNATIONAL  ORE  CORPORATION.  LIMITED 

Toronto,  Canada,  and  Rio  de  Janeiro,  Brazil. 

(34)  (Please  mention  this  bulletin  when  writing  advertisen.] 
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METALS  and  ORES 


Zinc  Ores,  Carbonates,  Sulphide  and 


Mixed  Ores,   Copper  Ores,  Copper 


Matte,  Copper  Bullion. 


Copper,  Spelter,  Zinc  Dust. 


Sulphuric  Acid,  and  Heavy  Chemicals. 


BEER,  SONDHEIMER  &  COMPANY,  Inc. 

61    BROADWAY,         -        NEW   YORK 


[Please  mention  this  BULLsnif  when  writinc  advertiaen.  (35) 
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CLASSIFIED  LIST  OF  MINING  AND 
METALLURGICAL  EQUIPMENT 


Acetylene  Apparatus 

Maoleod  Co..  Bogen  St..  Cinoinnati.  Ohio. 

Acida  and  Ammonia 

Heil  Chemioal  Co.,  Henry.  210-214  8.  4th 
St.,  St.  Louia,  Mo. 

Acid,  Sulphuric 

IlUnois  ^ino  Co..  Peru.  111. 

Agitators 

Dorr  Co.,  Denver.  Colo. 
Traylor  Engineering  A  Mfg.  Co..  Allentown. 
Pa. 

Amalgamators 

Ams-Clialmeri  Mfg.  Co  .  Milwaukee.  Wig. 
Traylor  Engineering  A  Mfg.  Qo.,  Allentown, 

Pa. 
Wortliington    Pump   &    Machinery    Corpn., 

115  Broadway,  New  York  Cily. 

Asbeatoa 

Lavino  and  Co..  E.  J..  Bullitt  Bldg..  Phila- 
delphia, Pa. 

Aabeatos  Materials 

Johns-Manville  Co^   H.    W..  206    Madison 
Ave..  New  York  City. 

Aaaay  Supplies 

Heil  Chemical  Co.,  Henry.  210-214  8. 4th  St.. 

St.  Louie,  Mo. 
Mine  and  Smelter  Supply  Co..  42  Broadway 

New  York  City. 

Axles.  Mine  Car 

FuUer-Lehigh  Co.,  Fullerton,  Pa. 


Balances  and  Weighta 

Heil  Chemioal  Co..  Henry,  210-214  S.  4th  St., 

St.  Louis,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 

Ball  and  Tube  Mill  Parts  (Kominuter  Parts) 

American  Manganese  Steel  Co.,  McCormick 
Bldg.,  Chicago,  III. 

Bearings,  Ball 

Qwilliam  Co.  263  W.  58th  St.,  New  York 
City. 

Bearings,  Roller 

Qwilliam  Co..  253  W.  58th  St..  New  York 
aty. 

Belting,  ConTOTor 

Goodrich  Ilubber  Co.,  B.  F.,  Akron.  O. 
Jeffrey  Mfg.  Co..  902  N.  4th  St.,  Columbus. 

Ohio. 
Robins  Conveying  Belt  Co..  Park  Row  Bldg.. 

New  York  City. 

Belting,  Elevator 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  O. 
Jeffrey  Mfg.  Co..  902  N.  4th  St..  Columbus. 
Ohio. 

Belting,  Transmission 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  O. 

Bins,  Coal  and  Coke 

Jeffrey  Mfg.  Co.,  902  N.  4th  St..  Columbus. 
Ohio. 

Blasting  Powder  (See  Powder,  Blasting) 

Blasting  Supplies 

Dn  Pont  de  Nemours  A  Co.,  B.  I..  Wilming- 
ton, Del. 

Blowers 

General  Electric  Co.,  Schenectady,  N.  Y. 


Blowpipe  Apparatus 

Heil  Chemical  Co.,  Henry.  210-214  S.  4th St.. 
St.  Louia,  Mo. 

Brake  Blocks 

Johns-Manville  Co..  H.  W.,  2M  Madkoe 
Ave..  New  York  City. 

Brick,  Fire 

Harbison- Walker  Refractoriee  Co.,  Farmen' 
Bank  Bldg..  Pittsburgh,  Pa 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Buckets,  Elevator 

American  Manganese  Steel  Co.,  MoCormiek 

Bldg..  Chicago.  111. 
Jeffrey  Mfg.  Co.,  9U2  N.  4th  St.,  Columbus. 
Ohio. 

Burners,  Gas 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Burners,  Oil 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway 
New  York  City. 


Cableways 

Flory  Mfg.  Co.,  S.,  Bangor,  Pa. 

licschen  A  Sons  Rope  Co.,  A.,  920  N.  1st  St., 

St.  Louis,  Mo. 
Macomber  &  Whyte  Rope  Co..  Kenosha,  Wis 
Roehliiig'.H  Sons  Co.,  John  A.,  Trenton,  N.  J. 

Cages,  Hoisting 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  it  Mfg.  Co.,  Allentown, 
Pa. 

Cages,  Self  Dumping  and  Plain 

Holmes  &  Broe.,  Inc.,  Robt.,  30  N.  Hasel  St.. 
Danville.  III. 

Car  Lifts,  Automatic 

Holmes  A  Bros..  Inc..  Robt..  30  N.  Hasel  St., 
Danville.  111. 

Carbide  Lamps 

Macleod  Co.,  Bogen  St..  Cincinnati,  Ohio. 

Cars,  Ore 

A lUfl-Cti aimers  Mfg.  Co.,  Milwaukee.  Wb. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  &,  Mfg.  Co.,  AUentowa, 

Pa. 

Castings,  Brass 

Holmes  &  Bros.,  Inc.,  Robt.,  30  N.  Hasel  St., 
Danville,  111. 

Castings,  Iron 

Fuller-Lehlgh  Co.,  Fullerton.  Pa. 
Holmes  &  Bros.,  Inc..  Robt..  30  N.  Hasel  St., 
Danville.  111. 

Caustic  Soda 

Heil  Chemical  Co.,  Henry.  210-214  S.  4th  St. 
St.  Louis,  Mo. 

Cement  Blast  Guns  (See  Guns,  Cement) 

Cement  Machinery 

Traylor  Engineering  A  Mfg.  Co.,  Allentown, 

Pa. 
Worthington    Pump  A  Machinery  Corp'n. 
115  Broadway.  New  York  City. 

Cements,  Refractory 

Johns-Manville   Co^    H.  W.,  296  Madbon 
Ave.,  New  York  City. 


(36) 


(Please  mention  this  bullbtin  when  writing  advertisers. 


BULLETIN,  A.  I.  M.  E.— ADVERTISING  SECTION 


ILLINOIS  ZINC  CO 

PERU,  ILLINOIS 

Manufacturers  of 

Selected  Brass  Spelter 

Sulphuric  Acid  and 

Zinc  Dust 

Rollers  of 

Sheets,  Plates  and  Strips  in  Coils 


ZINC 

in  special  sizes,  squares  and  circles, 
cut  to  order.  Etchers ,  Engravers , 
Lithographers  and  Battery  Plates, 
Paper   and  Card  Makers   Sheets, 

ILLINOIS  ZINC   COMPANY 

W.  FISHER,  Eastern  Sales  Agent 

Tel.  Cortlandt  1981  203  Broadway,  New  York 

rPleaae  mention  this  BULLsnif  when  writing  advertiser*.]  (37) 
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Chaint 

American  Mancanese  Steel  Co.,  MoCormiek 

Bldg.,  Chicago,  lU. 
Jeffr«>  Mfg.  Co.,  W2  N.  4th  St.,  Columbua. 
Ohio 
Chemica]  Aiiptratnt 

Heil  Chemical  Co..  Henry.  210-214  S.  4th  St.. 
St.  Louie,  Mo. 

Chemicalf 

Hdl  Chemical  Co..  Henry,  210-214  S.  4th  St. 

St.  Louie,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
RocMler  A  Haeelaoher   Chemical   Co.,    100 
William  St.,  New  York  City. 
Chreme  Brick 

Harbison- Walker  B«fractorlee  Co.,  Farmere' 

Bank  Bldg.,  Pittoburgh.  Pa 
Lavino  and  Co.,  E.  J.,  BuUitt  Bldg.,  Phila- 
delphia, Pa. 
Chrome  Cement 

LaTino  and  Co.,  E.  J.,  BuUitt  Bldg.,  Phila- 
delphia, Pa. 
Chrome  Ore  (Lamp  and  Groond) 

LaTino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 
Chute  Plates  A  Launder  Linen 

American  Manganese  Steel  Co.*  McCormick 
Bldg.,  Chicago,  III. 

Chutes 

JeiTrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 
Ohio. 
Classifiers 

AUis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
C<dorado  Iron  Works  Co.,  Denrer,  Colo 
Dslster  Concentrator  Co.,  Fort  Wayne,  Ind. 
Don  Co.%  Denver,  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineenng  &  Mfg.  Co.,  Allontown, 

Pa. 
Worthington  Pump  &   Machinery  Corp'n., 
115  Broadway.  New  York  City. 

Coal  and  Ash  Handling  Machinery 

JeiTrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 
Ohio. 
Coal  Mining  Machines 

Goodman  Mfg.  Co.,  Halstead  St.  &  48th 

Place.  Chicago.  111. 
JeiTrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 

Ohio. 
Sullivan  Machinery  Co.,  122  So.  Michigan 
Ave.,  Chicago,  lU. 
Coal  Mining  Plants 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 
Ohio. 
Coal  Storage  and  Rehandling  Machinwy 

JeiTrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 
Ohio. 

Coatings,  Roof 
ohi 


W.,  206  Madison 


Johns-ManTllle    Co.,  H. 
Ave.,  New  York  City. 
Collectors,  Dust 

Madeod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Compass,  Mass  Patent  DriU  Hole 

Derby,  Jr.,  E.  L.,  Agent,  Ishpeming,  Mich. 

Compressors,  Air 

AlUs-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
General  Electric  Co.,  Schenectady,  N.  Y. 
Sullivan  Machinery  Co.,  122  So.  Michigan 

Ave.,  Chicaep,  lU. 
Worthington  Pump   db  Machinery  Corp'o., 

115  Broadway,  New  York  City. 

Cjncentrators 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Deister  Concentrator  Co.,  Fort  Wayne,  Ind. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  AUentown. 

Pa. 
Worthington  Pump  ft  Machinery  Corp'n., 
'       r,  N<      —    •    — 


Condensers,  Surface 

Westinghouse   Electric   ft 
PitUburgh.  Pa. 

Contractors,  Diamond  Drilling 


Mfg.   Co.,  Bsit 


Lonjryear  Co.,  E.  J.,  710  Security   Bldg.. 
Mini 

n  Machinery 
Ave.,  Chicago.  10. 


mneapolis,  Minn. 
Sullivan  Machinery  Co.,  122  So.  Miohigan 


Converters,  Copper 

Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 
Traylor  Engineering  ft  Mfg.  Co.,  AUentowa, 

Pa. 
Worthington  Pump  ft*  Machinery  Corp'n., 

115  Broadway.  New  York  City. 

Converters,  Electric,  Rotary 

General  Electric  Co.,  Schenectady,  N.  Y. 
Weetinghouse   Electric   ft   Mfg.   Co.,   East 
Pittoburgh,  Pa. 

Conveyors.  Belt 

"JeiTrey  Mfg.  Co.,  002  N.  4th  St.,  Columboi, 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg.. 


New  York 


'SSf. 


Conveyors,  Cable  Flight 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 
Ohio. 

Conveyors,  Chain  Flight 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 
OMo. 

Conveyors.  Pan  or  Apron 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 
Ohio. 

Conveyors,  Screw 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 
Ohio. 


Core  Drilling 

Lonjorear  Co., 

Minneapolis.  Minn. 
Sullivan  Machiner: 


E.   J.,  710  Security  Bldg., 
y  Co..  122  So.  Miebigan 


Ave.,  Chicago,  I 

CoTerings,  Pipe  and  Boiler 

Johns-Manville'Co.,  H.  W.,    206    Madison 
Ave.,  New  York  City. 

Crucibles 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 

St.  Louis,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 

Crushers,  Coal  and  Coke 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Cdumbus, 

Ohio. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg., 

New  York  City 
Worthington   Pump   ft  Machinery  Corp'n.. 

115  Broadway,  New  York  City. 

Crushers,  Ore 

tners  Mig.  i 
Buchanan  Co.,  C.  Q.,  00  West  St.,  New  York 


Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 
uchanj 
aty. 


Colorado  Iron  Works  Co.,  Denver.  CkAo. 

Fuller-Lehigh  Co.,  Fullerton,  Pa. 

HeU  Chemical  Co.,  Henry,  210-214  a  4th  St.. 

St.  Louii,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  AOentom. 

Pa. 
Worthington   Pump  ft   Machinery  Corp's.* 

115  Boradway,  New  York  City. 


Crushing  Roll  Parts 

American  Manganese  Steel  Co. 
Bldg.,  Chicago  IlL 


116  Broadway,  New  York  City. 
(38)  (Please  mention  this  bulutim  when  writing  adveriisets.i 


MeCcmiek 


BULLETIN,  A.  I.  M.  E.— ADVERTISING  SECTION 


Buyers,  Smelters  and  Refiners 


ORES  and  METALS 

OF  ALL  CLASSES 


Sellers  of 


Copper,  Tm,  Spelter 
Antimony,  Lead,  etc. 


L.  VOGELSTEIN  &.  COMPANY 

INCORPORATED 

42  BROADWAY         -        NEW  YORK 


[Plooiie  mention  thia  bulletin  ^hen  writing  advertiften.]  (39) 


BULLETIN,  A.  L  M.  E.— ADVERTISING  SECTION    . 


^ 


CLASSIFIED   LIST   OF   MINING   AND  METALLURGICAL  EQUIPMENT 


Cmthinc  RoIU  (B«e  Rolls,  Crushing) 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 
Ohio. 

Copro-Magnesium  Metal 

Larino  and  Co..  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Cupro-Vanadium 

Primos  Chemical  Co.,  Primoa,  Pa. 

Cyanide 

Roesslar  db  Haaslaoher   Chemioal   Co.,    100 
William  St..  New  York  City. 

Cyanidlng  Equipment 

AffiS'Chalmers  Mfg  Co.,  Milwaukee.  Wis. 
'  Colorado  Iron  Works  Co.,  Denver,  Colo. 
Dorr  Co.,  Denyer,  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  db  Mfg.  Co.,  Allentown. 

Pa. 
Worthington   Pump  ft   Machinery   Corp'n., 

115  Broadway.  New  York  City. 

Dead  Burned  Matnesite 

Harbison- Walker  Refractories  Co.,  Farmers' 
Bank  Bldg.,  Pittsburgh,  Pa. 

De  water  ers 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Dorr  Co.,  Denver,  Colo. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 
Pa. 

Diamond  Drilling 

Lonsyear   Co..   R.   J.,   710   Security   Bldg., 
Minneapolis,  Minn. 

Dredging  Machinery 

Flory  Mfg.  Co.,  S.,  Bangor,  Pa. 

Drill  Hole  Compass  (See  Compass,  Drill  Hole) 

Drills,  Core 


Lonjprear  Co.,  R.  J.,  710  Security   Bldg., 
Mini 
lUiva 
Ave. 

Drills,  Diamond 


[mneapoUs,  Minn 
Machinery 
Ave..  Chicago,  111. 


Sullivan  Machinery  Co.,  122  So.  Michigan 


Lonsyear  Co.,  E.,  J.,  710  Security  Bldg., 
nneai 
an  IV 
B.,  CI 

DriUs,  Electric 


>n|tyc 
Minneapolis,  Minn._ 

ran  Machinery 
Ave.,  Chicago,  ID. 


ape 
Sullivan  Machinery  Co.,  122  Se.  Michigan 

Denver  Rock  Drill  Mfg.  Co.,  Denver.  Colo. 


Sullivan  Machinery  Co.,  122  So.  Michigan 
Ave.,  Chicago,  111. 


uenver  kock  urui  Mtg.  i.;o.,  uenver,  uoi 
General  Electric  Co.,  Schenectady,  N.  Y. 
Jeffrey  Mfg.  Co..  902  N.  4th  St.,  Columbus, 

Ohio. 
Drills,  Hammer 

Denver  Rock  Drill  Mfg.  Co.,  Denver,  Colo. 
Sullivan  Machinery  Co.,  122  So.  Michigan 

Ave.,  Cliicago,  111. 

Drills,  Prospecting 

~  ,oh 
Chi< 

Drills,  Rock 

Denver  Rock  Drill  Mfg.  Co..  Denver.  Colo. 
Sullivan  Machinery  Co.,  122  So.  Michigan 
Ave.,  Chicago,  III. 

Dryers,  Ore 

Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 
Wedge  Mechanical  Furnace  Co.,  Greenwich 

Point.  Philadelphia,  Pa. 

Dryers.  Rotary 

Fuiler-Lehigh  Co.,  Fullerton,  Pa. 

Dryers,  Sand  and  Gravel 

Madeod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Dumps,  Rotary 

Wood  Equipment  Co.,   MeCormick   Bldg., 
Chicago,  111. 

Dynamite 

Da  Pont  de  Nemours  ^  Co.,  E.  I.,  Wilming- 
ton, Del. 

Dynamos  (See  Generators,  Electric) 


Electrical  Machinery 

General  Electric  Co.,  Soheneetady.  N.  T. 
Westinghouse   Electric  ft   Mfg.   Co.,   Bast 
PitUburgh,  Pa. 

Elevators,  Bucket 

Buchanan  Co..  C.  G..  00  West  St.,  New  Torit 

City. 
Jeffrey  Mfg.  Co..  002  N.  4th  St.,  Colambw, 

Ohio. 
Mine  and  Smelter  Supply  Co.,  43  Broadway, 

New  York  City. 
Robins  Conveying  Belt  Co..  Park  Row  Bldg., 

New  York  Qty. 
Traylor  Engineering  ft  Mfg.  Co.,  AUentOwa, 

Pa. 
Worthington   Pump  ft  Machinery  Corp'n.. 

115  Broadway.  New  York  City. 

Emery  Ore 

Lavino  and  Co..  E.  J..  BuUitt  Bldg.,  Phlla^ 
delphia,  Pa. 

End  Loaders  (See  Loaders,  End) 

Engines,  Gas  and  Gasoline 

Allis-Chalmers  Mfg.  Co..  Milwaukee.  Wis. 

Engines,  Haulage 

Holmes  ft  Bros..  Inc..  Robt..  80  N.  Hasel  St., 
Danville.  111. 

Engines.  Hoisting 

Flory  Mfg.  Co..  S..  Bangor,  Pa. 

Holmes  ft  Bros..  Inc..  Robt.,  30  N.  Basel  St., 

Danville.  111. 
Vulcan  Iron  Works,  1744  Main  St.,  Wllk«- 

Barre,  Pa. 

Engines,  Oil 

Allia-Chalmers  Mfg.  Co.,  Milwaukee,  Wb. 
Worthington   Pump  ft   Machinery  Cocp'n., 
115  Broadway.  New  York  City. 

Engines,  Steam 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 

Explosives 

Du  Pont  de  Nemours  ft  Co.,  E.  I.,  Wilming- 
ton, Del. 

Fans,  Ventilating 

Jeffrey  Mfg.  Co..  002  N.  4Ui  St..  Columbus. 

Ohio. 
Vulcan  Iron  Works,  1744  Main  St.,  Wllkas- 

Barre,  Pa. 

Feeders,  Ore 

Buchanan  Co.,  C.  G.,  00  West  St.,  New  York 

City. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 

Ohio. 
Mine  and  Smelter  Supply  Co..  42  Broadway, 

New  York  City. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg.. 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 

Ferro-Chrome 

Lavino  and  Co..  E.  J.,  Bullitt  Bldg.,  Philar 
delphia,  Pa. 

Ferro  -Manganese 

Lavino  and  Co.,  E.  J..  Bullitt  Bldg..  Phila- 
delphia, Pa. 

Ferro-Molybdenum 

Lavino  and  Co..  E.  J..  Bullitt  Bldg..  Phila- 
delphia, Pa. 
Primos  Chemical  Co..  Primos.  Pa. 

Ferro-Silicon 

Lavino  and  Co.,  E.  J..  Bullitt  Bldg..  Phila- 
delphia, Pa. 

Ferro-Tungsten 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila^ 
delphia,  Pa. 

Primos  Chemical  Co.,  Primos,  Pa. 
Ferro-Vanadium 

Primos  Chemioal  Co.,  Primos,  Pa. 

Filtering  Paper 

Hell  Chemical  Co.,  Henry.  21(^-214  S.  4th  St.. 
St.  Louis.  Mo. 
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BALL  AND  ROLLER  BEARINGS 


THE  BOWDEIS  PATENT  WIRE  MECHANISM 


THE  GWILLIAM  COMPANY 

ENGINEERS 
253  W.  58th  Street,    (Ai  Bro.dw.y)    NEW  YORK 

Branch:  1314  Arch  St..  Philadelphia. 


[Flaaaa  manti 
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Plltert 

Colorado  Iron  Works  Co.,  Denyert  Colo. 
Traylor  Englne«rinc  St  Mfg.  Co.,  Allentown, 
Pa. 

Fire  Clay 

Uar bison- Walker  Refraotoriea  Co.,  FarmerB' 

Bank  BIdg..  PitUburgh.  Pa. 
Layino  and  Co.,  £.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 
FloUtion,  Oil 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Flue  Welding  Machines 

Maoleod  Co.,  Bogen  St..  Cineinnati,  Ohio. 
Fluorescent  Calcium  Tungstate 

Primot  Chemical  Co..  Primoe,  Pa. 
Fluorspar  (Domestic  and  Foreign) 

Lavino  and  Co..  £.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 
Forges,  Oil  and  Riret 

Maoleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Forgings,  Hearr 

Holmes  A.  Bros..  Ino.,  Robt..  30  N.  Hasel  St.. 
Danville.  111. 

FuUer  Mill  Parts 

American  Manganese  Steel  Co.,  McCormick 
Bldg.,  Chicago.  111. 
Furnaces,  Assay 

Hell  Chemical  Co.,  Henry.  210-214  S.  4th  St., 

St.  Louis,  Mo. 
Maoleod  Co.,  Bogen  St.,  Cincinnati.  Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 
New  York  City. 
Furnaees,  Electric 

Oraeral  Eleotrio  Co.,  Schenectady.  N   Y 
Hell  Chemical  Co..  Henry,  210-214  S.  4th  St., 
St.  Louis,  Mo. 
Furnaces.  Flue  Welding 

Macleod  Co..  Bogen  St.,  Cincinnati,  Ohio. 
Furnaces.  Gas 

Maoleod  Co.,  Bogen  St.,  Cincinnati.  Ohio. 
Furnaces,  Lead 

Macleod  Co.,  Bogen  St.,  Cineinnati.  Ohio. 

Furnaces,  Mechanical  Roasting 

Allis-Chalmers  Mfg.  Co..  Milwaukee,  Wis. 
Traylor  Engineering  St  Mfg.  Co.,  Allentown, 

Pa. 
Wedge  Mechanical  Furnace  Co.,  Greenwich 

Point.  Philadelphia.  Pa 
Worthington    Pump   A  Machinery  Corp'n.. 
115  Broadway,  New  York  City. 
Furnaces,  Muffle 

Maoleod  Co.,  Bogen  St.,  Cineinnati.  Ohio. 
Furnaces.  Oil 

Macleod  Co.,  Bogen  St.,  Onoinnati,  Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 
New  York  City. 
Furnaces.  Reverberatory 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Furnaces,  Smelting 

Colorado  Iron  Works  Co..  Denver.  Colo. 
Traylor  Engineering  St  Mfg.  Co.,  Allentown, 
Pa. 
Furnaces.  Tire  Heating 

Macleod  Co.,  Bogen  St.,  Cineinnati,  Ohio. 

Gears 

Jeffrey  Mfg.  Co.,  fN)2  N.  4th  St.,  Columbus. 
Ohio. 

Generators,  Acetylene  Welding  and  Cutting 

Maoleod  Co.,  Bogen  St.,  Cincinnati,  Onio. 
Generators,  Electric 

AlUa-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 
General  Eleotrio  Co.,  Schenectady,  N.  Y. 
Goodman   Mfg.  Co.,  Halatead  St.  ic  48th 

Plaoe,  Chicago,  III. 
Westinghouse   £!lectrio   A    Mfg.    Co..    East 
Pittsburgh.  Pa. 
Grinders,  Sample 

Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Traylor  Engineering  St  Mfg.  Co.,  Allentown, 
Pa. 


Grizzly  &  Riffle  Bars  (For  HydimuUc  MInas) 

American  Manganese  Steel  Co.,  MoCormlck 
Bldg.,  Chicago,  111. 
Guns,  Cement 

Macleod  Co.,  Bogen  St.,  Cineinnati,  Ohio. 
Guns,  Concrete 

Macleod  Co..  Bogen  St.,  GinoinnatI,  Ohio. 
Gyratory  Crusher  Parts 

American  Manganese  Steel  Co.,  MoCorniek 
Bldg.,  Chicago,  111. 

Hangers,  Mine 

Johna-Manville   Co.,    H.  W.,  290  Madison 
Ave..  New  York  C^ity. 
Hitchings  Mine  Car 

Macomber  St  Whyte  Rope  Co.,  Kenosha.  Wis. 
HoisU,  Electric 

A1UB-Chalm«»r8  Mfg.  Co.,  Milwaukee.  Wb. 
Flory  Mfg.  Co..  8.,  Bangor,  Pa. 
General  Eleotrio  Co..  .Schenectady,  N.  T. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbiw. 

Ohio. 
Vulcan  Iron  Works,  1744  Main  St..  WOkee- 
Barre.  Pa. 
Hoists,  Skip 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  Citjr.  • 

Traylor  Engineering  St  Mfg.  Co.,  Allentown, 

Pa. 
Worthington   Pump  A.  Maohlnery  Corp'n.. 
116  Broadway.  New  York  City. 
Hoists,  Steam 

Allis-Chalmers  Mfg.  Co..  Milwaukee,  Wb. 

Flory  Mfg.  Co..  8.,  Bangor,  Pa. 

Holmes  A  Bros.,  Inc.,  Robt.,  80  N.  Hasel  St., 

Danville.  III. 
Mine  and  Smelter  Supply  Co..  42  Broadway, 

New  York  aty. 
Sullivan  Machinery  Co.,  122  So.  Bfiehigaa 

Ave.,  Chicago,  lU.  

Vulcan  Iron  Works,  1744  Main  St.,  WQkes- 
Barr*».  Pa. 
Hoppers,  Weigh 

Holmes  A  Bros.,  Inc..  Robt.,  80  N.  Hasel  St.. 
DanviUe,  111. 
Hose,  Air 

Denver  Rook  Drill  Mfg.  Co.,  Denver,  Colo. 
Goodrich  Rubbi>r  Co..  B.  F..  Akron,  O. 

Hydrated  Ferric  Oxide  (For  Gas  Puriflcatlott} 
Lavino  and  Co.,  B.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Hydraulic  Mining  Machinery 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 

Insulators,  Third  Rail 

Johns-Manville   Co.,    H.  W.,  208  Madisoa 
Ave.,  New  York  City. 

Jackets,  Water 

Traylor  Engineering  A  Mfg.  Co.,  AUentowa, 
Pa. 
Jaw  Crusher  Parts 

American  Manganese  Steel  Co.,  MoCormlck 
Bldg.,  Chioago,  III. 

JlC" 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wb. 
Colorado  Iron  Works  Co..  Denver,  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown, 

Pa. 
Worthington  Pump  A  Machinery  Corp'n., 

115  Broadway,  New  York  City. 

Laboratory  Supplies 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St^ ' 
St.  Louis,  Mo. 

Lamos,  Acetylene 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Lamps,  Electric 

General  Electric  Co.,  Schenectady,  N.  Y. 

Westinghouse   Eleotrio   A   Mfg.    Co.,  Bast 
PitUburgh.  Pa. 
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JOHINS-MAINVILLE 
PIPE  INSULATION 


j^ 


90X  Efficient 
-And  How  You  Can  Know 

You  can't  tell  the  efficiency  of  insulation 
by  looking  at  it — or  merely  by  price  com- 
parison. It  must  be  a  proven  saver  of  heat. 
And  nothing  but  laboratory  and  service 
tests  will  prove  or  forecast  the  saving.  It 
is  by  data  so  obtained  that  the  value  of 
Johns-Manville  Insulations  are  determined. 

Johns-Man ville  engineers,  with  the  serv- 
vice-proven  efficiency  record  of  each  type 
of  insulation  before  them,  base  their  recom- 
mendations on  a  searching  analysis  of  your 
service  requirements. 

They  select  from  the  several  Johns- 
Manville  Insulations  that  type  that  will 
most  efficiently  meet  your  needs — not  only 
on  basis  of  heat  saved  but  on  basis  of  heat 
saved  per  dollar  of  expenditure.  This  is 
Johns-Manville  Insulation  Service. 


H.  W.  Johns-Manville  Co. 

New  York  City 

10  Factories    •    Branches  in  63  Large  Cities 
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Westlnchout^   Eleotrio   A   Mfg.   Co..   Eut 


HeU  ChemioftI  Co.,  Henry,  210-214  8. 4tfa  St., 
St.  Louis,  Mo. 

Linlagt,  BtU  and  Tub* 

"naylor  Engineering  A  Mfg.  Co.,  AUentown, 
Pa. 

Lininga,  Brake 

Johna-ManiriUe   Co.,    H.  W.,  206  Madison 
Are.,  New  York  City. 

Litharge 

HeU  Chexnioal  Co.,  Henry.  210-214  S.  4tli  St', 
St.  Louis,  Mo. 

Loadera.  End 

Holmes  A  Bros.,  Inc..  Robt.,  80  N.  Haael  St., 
Danyille,  111. 

Laading  Booma 

Jeffrey  Mfg.  Co..  002  N.  4th  St.,  Columbus, 
Ohio. 

LocomotiTea,  Compreaaed  Air 

General  Eleotrie  Co.,  Scheneetady.  N.  Y. 
Vulean  Iron  Works,  1744  Main  St.,  Wilkes- 
Barre,  Pa. 

LocomotiTaa,  Electric  Trolley 

General  Electric  Co.,  Schenectady,  N.  Y. 
Goodman  Mfg.  Co.,  Halstead  St.  A  48th 

Place,  Chicago,  III. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 
Ohio. 

tIngB 
Pittsburgh.  Pa. 

LocomotiTea,  Gasoline 

Vulcan  Iron  Worka,  1744  Main  St.,  Wilkee- 
Barre,  Pa. 

LocomotiTea.  Steam 

Vulcan  Iron  Works,  1744  Main  St..  WUkes- 
Barre,  Pa. 

LocomotiTea,  Storage  Battery 

General  Eleotrie  Co.,  Schenectady,  N.  Y. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 

Ohio. 
Westinghottse   Electric  it   Mfg.   Co.,    East 

PitUburgh,  Pa. 

Low  Carbon  Ferro-Manganeae 

LaTino  and  Co..  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 


Magneaia  Brick 

Harbison- Walker  Refractoriee  Co.,  Farmers* 

Bank  Bldg..  Pittsburgh,  Pa. 
Layino  and  Co.,  E.  J..  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Magneaite  Cement 

Lavino  and  Co.,  E.  J.,  Bullit^  Bldg.,  Phila- 
delphia. Pa. 

Magneainm  Metal  (Ingota  and  Powder.) 

Lavino  and  Co.,  £.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Magnetic  Pulleya  (See  PuUeya,  Magnetic) 

Manganese  Dioride  (Lamp  and  Ground) 

LaTino  and  Co.,  E.  J.,  Bullitt  Bldg..  Phila- 
delphia. Pa. 

Manganeae  Ore  * 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Metara,  Electric 

General  Electric  Co..  Schenectady.  N.  Y. 
Westinghouse   Electric   A   Mfg.   Co..   East 
PitUburgh.  Pa. 

Mica  ' 

Lavino  and  Co..  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Mitta,  BaU.  Tube  and  Pebble 

AUb-Chalmers  Mfg.  Co.,  Milwaukee,  Wis 
Colorado  Iron  Works  Co.,  Denver,  Colo. 
Fuller-Lehigh  Co.,  Fullerton,  Pa. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  aty. 


Traylor  Engineering  St  Mfg.  Co.,  AUentown, 

Pa. 
Worthington  Pump  St   Machinery  Corp'n., 

115  Broadway.  New  York  City. 

MiUa,  Chilean 

Allia-Chalmen  Mfg.  Co.,  Milwaukee,  Wis. 
Colorado  Iron  Works  Co.,  Denver,  Colo. 
Traylor  Engineering  it  Mfg.  Co.,  AUentown. 
Pa. 

MUls,  Sump 

AlUs-Chalmers  Mfg.  Co..  Milwaukee.  Wb. 
Colorado  Iron  Works  Co.,  Denver.  Colo. 
Traylor  Engineering  it  Mfg.  Co.,  AUentown. 

Pa. 
Worthington   Pump  it   Machinery  Corp'n. 

115  Broadway.  New  York  City. 

Mine  Car  Hitchinga  (See  Hitchings,  Mine  Car) 

Molybdate  of  Ammonia 

Primoe  Chemical  Co.,  Primoe.  Pa. 

Molybdate  of  Calcium 

Primos  Chemical  Co..  Primos.  Pa. 

Molybdate  of  Soda 

Primos  Chemical  Co..  Primos.  Pa. 

Molybdenom  MeUl 

Primos  Chemical  Co..  Primos,  Pa. 

Molybdenum  Ore,  Buyera  of 

Primos  Chemical  Co.,  Primoe.  Pa. 

Molybdic  Acid 

Primos  Chemical  Co.,  Primos.  Pa. 

Motora,  Electric 

AUis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
General  Electric  Co.,  Schenectady,  N.  Y. 
Mine  and  Smelter  Supply  Co..  42  Broadway. 

New  York  City. 
Westinghouse    Electric   it    Mfg.    Co.,    East 
PitUburgh.  Pa. 

MttfBes 

Mine  and  SmelUr  Supply  Co..  42  Broadway. 
New  York  City. 


Ore-Bedding  Syatems 
Conveying 
New  York  City. 


Robins  Conveying  Belt  Co..  Park  Row  Bldg  . 


Ore  Handling  Machinery 

Jeffrey  Mfg.  Co..  002  N.  4th  St.,  Columbm. 

Ohio. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg.. 
New  York  Qty. 

Ore  MilUng  Machinery 

Colorado  Iron  Works  Co.,  Denver.  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Worthington   Pump   dc  Machinery  Corp'n-. 

115  Broadway.  New  York  City. 

Ores,  Buyera  and  SeUera  of 

Beer,    Sondheimer    it    Co.,    01    Broadway, 

New  York  aty. 
Vogelstein  it  Co.,   Inc..  L.,  42   Broadway. 
New  York  City. 
Oxy-Acetylene  Apparatna 

Madeod  Co..  Bogen  St..  Cincinnati.  Ohio. 

Packinga,  Steam 

Jobns-ManviUe    Co.,  H.  W.,  206    Madison 

Ave..  New  York  City. 
Goodrich  Rubber  Co.,  B.  F.,  Akron,  O. 

Painting  Machines 

Macleod  Co..  Bogen  St.,  Cincinnati,  Ohio. 
Pipe  Insulationa 

Johns-ManviUe   Co..  H.  W.,  206    Madison 
Ave.,  New  York  City. 

Plate  Metal  Work 

Holmes  it  Bros.,  Inc.,  Robt.,  30  N.  Haael  St., 
Danville.  lU. 

Platinum  Wire,  FoU  &  Ware 

HeU  Chemical  Co.,  Henry.  210-214  S.  4«h  St 
St.  Louis,  Mo. 
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Bulletin  of  the 

American  Institute  of 

Mining  Engineers 


HE  BULLETIN  of  the  American   Institute  of 
Mining  Engineers,  the  o£Eicia'  publication  of  the 
Institute,  is  published  monthly  and  averages  260  , 
pages  each  issue. 

It  contains  the  first  publication  of  the  professional  and 
technical  papers  of  the  Institute,  notices  and  reports  of  meet- 
ings, timely  reports  of  the  activities  of  Engineers  in  general, 
especially  in  connection  with  governmental  work,  accessions 
of  books  to  the  Library,  and  other  current  news  and  technical 
material  of  interest  in  connection  with  mining  and  metallur- 
gical operations. 

The  circulation  of  each  issue  of  the  Bulletin  averages  7000 
copies,  including  the  entire  membership  of  the  Institute.  This 
distribution  may  be  justly  regarded  as  a  preferred  list  of  the 
leading  Mining  Engineers;  Mine  Managers;  Superintendents; 
Managers  of  ore  and  coal  dressing  mills,  and  of  smelting  and  re- 
fining plants;  Operating  Executives  of  steel,  copper,  and  other 
metal  plants;  Metallurgists;  Mining  Geologists;  and  others 
prominently  identified  with  the  entire  range  of  mining  and 
the  refining  of  all  varieties  of  mine  products. 

The  BuUetin,  aside  from  its  position  as  the  official  organ  of 
the  Institute,  has  a  special  field  of  service  in  that  it  is  the  only 
periodical  in  America  which  covers  all  phases  of  mining  activi- 
ties— ^metals,  both  ferrous  and  non-ferrous;  coal;  non-metallic 
minerals,  etc.  This,  combined  with  the  distinctive  character 
of  its  circulation  and  the  purchasing  power  of  its  readers  makes 
the  Bulletin  an  exceptionally  effective  medium  in  which  to  ad- 
vertise mining  and  metallurgical  equipment  and  supplies. 


American  Institute  of  Mining  Engineers 

29  West  39th  Street,  New  York,  N.  Y. 
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Powder,  BUsting 

Du  Pont  de  Nemours  A  Co.,  E.  I.,  Wilminc- 
ton,  Del. 

Powdered  Coal  Sqalpment 

Fuller-Lehigh  Co.,  Fullerton,  Pa. 

Power  TrumniMion  Machinery 

Jeffrey  Mfg.  Co.,  002  N.  4tb  St..  Columbue. 

Ohio. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown. 
Pa. 

Pre t  see.  Filter 

Worthington   Pump  ft   Machinery  Corp'n., 
116  Broadway,  New  York  City. 

Pulleys,  Magnetic 

Buchanan  Co.,  C.  Q.,  90  West  St.,  New  York 
City. 

Pulrerizer  Parts 

American  Manganese  Steel  Co.,  MoCormick 
Bldg.,  Chicago,  III. 

PuWerizeri 

Heil  Chemical  Co..  Henry.  210-214  8.  4th  St.. 
St.  Louis,  Mo. 

Pulverizers,  Coal  and  Coke 

Fuller-Lehigh  Co.,  Fullerton,  Pa. 

Jeffrey  Mfg.  Co..  002  N.  4tb  St..  Columbus. 

Ohio. 
Traylor  Engineering  ft  Mfg.  Co..  AHentown. 

Pa. 

Pulyerizers,  Ore 

Fuller-Lehigh  Co..  Fullerton.  Pa. 

Mine  and  Smelter  Supply  Co..  42  Broadway. 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 
Worthington    Pump   ft  Machinery  Corp'n.. 

116  Broadway,  New  York  City. 

Pumps,  Acid 

Worthington   Pump   ft   Machinery  Corp'n., 
116  Broadway,  New  York  aty. 

Pumps.  Centrifugal 

Allis^Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 


Worthington   Pump   ft    Machinery  Corp'n.. 
116  Broadway,  New  York  City. 

,  Hydraulic  Pressure 

orthington    Pump   ft    Machinery  Corp'n., 


Pumps,  Pneumatic  Air  Lift 


r„ 


uUivan  Machinery  Co..  122  So.  Michigan 
Ave..  Chicago.  lU. 


Pumps,  Power 
W 

Pumps,  Sand 


orthington    Pump   ft   Manhinery  Corp'n.. 
116  Broadway,  New  York  City. 


Mine  and  Smelter  Supply  Co..  42  Broadway, 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 


orthington    Pump   ft   Machinery  Corp'n., 
,Nt      -  " 

imp 

,Nt 

imp 
115  Broadway,  New  York  City. 


imp 
115  Broadway,  New  York  City. 

,  Stuff 

orthington   Pump  ft   Machinery  Corp'n., 


Pumps,  Stuff 
W 

Worthington  Pump  ft   Machinery  Corp'n.. 


imp 
116  Broadway,  New  York  City. 

Pumps,  Track 


Pumps,  Sinking 
W 

'«? 
V 

Pyrometers 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
Si.  Louis.  Mo. 

Quarrying  Machinery 

Sullivan  Machinery  Co..  122  So.  Michigan 
Ave..  Chicago.  111. 

Quicksilver 

Beer.    Sondheimer    ft    Co..    01    Broadway. 
New  York  aty. 


Refractories 

Harbison- Walker  Refractories  Co.,  Farmsra' 
Bank  Bldg..  PltUburgh.  Pa. 
Respirators 

Qoodrieh  Rubber  Co..  B.  F.,  Akron.  O. 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  8t 
St.  Louis,  Mo. 

Revolving  Screen  Parts 

American  Manganese  Steal  Co.,  McCormiek 
Bldg..  Chicago.  111. 

Rock  Drill  Steel  (See  Steel,  Drim 

Rods,DriU 

Colonial  Steel  Co.,  Keystone  Bldg..  Pitte- 

burgh.  Pa 
International  High  Speed  Steel  Co.,  00  Ns** 
sau  St.,  New  York,  N.  Y. 

Roller  Mill  Parts 

American  Manganese  Steel  Co.,  MoCormidk 

Bldg.,  Chicago,  III. 
Rolls,  Crushing 

Buchanan  Co.,  C.  Q..  00  West  St.,  New  York 

City. 
Jeffrey  Mfg.  Co  ,  002  N.  4th  St.,  Columbus, 

Ohio. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 
Worthington  Pump  ft  Machinery  Corp'n., 

116  Broadway,  New  York  Gity. 

Roofings,  Asbestos  and  Robber -type 

Johns- Manville    Co.,    H.  W.,  200  Madboa 
Ave.,  New  York  City. 

Rope,  Wire 

Leschen  ft  Sons  Rope  Co..  A..  020  N.  1st  St, 

St.  Louis.  Mo. 
Maeomber  ft  Whyte  Rope  Co..  Kenosha,  Wis. 
Roebling'*  Sons  Co..  Joon  A.,  Trenton.  N.  J. 

Rope  Fastenings,  Wire 

Maeomber  ft  Whyte  Rope  Co..  Kenosha,  Wis. 
Roebling's  Sons  Co.,  Jonn  A.,  Trenton,  N.  J. 

Rubber  Goods,  Mechanical 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  O. 

Samplers,  Ore 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown* 

Pa. 
Worthington    Pump  ft  Machinery  Corp'n.. 

1 16  Broadway,  New  York  City. 

Scorifiers 

Heil  Chemical  Co..  Henry.  210-214  S.  4th 
St.,  St.  Louis,  Mo. 

Screens,  Bar 

Holmes  ft  Bros..  Inc..  Robt..  80  N.  Hasel  St.. 
Danville.  111. 

Screens,  Perforated  Metal 

Jeffrey  Mfg.  Co..  002  N.  4th  St.,  Columbus. 

Ohio. 
Screens,  Revolving 

Buchanan  Co.,  C.  Q..  00  West  St.,  New  York 

City. 
Colorado  Iron  Works  Co..  Denver,  Colo. 
Jeffrey  Mfg.  Co..  002  N.  4th  St..  Columbus. 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg.. 

New  York  Qty. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown. 

Pa. 
Worthington   Pump  ft  MacMnery  Corp'n., 

116  Broadii 

Screens.  Shaking 


imp 
.  Ne 


116  Broadway.  New  York  City. 


Hofmes  ft  Bros..  Inc..  Robt..  30  N.  Hasel  St., 

Danvilie.  III. 
Separators,  Magnetic 

Buchanan  Co.,  C.  Q.,  00  West  St.,  New  YoA 

City. 

Shaft  Sinking  and  Development  Work 

Lonj^ear  Co.,   E.   J.,   710  Security   Bldg., 
Minneapolis,  Minn. 
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Robins   Conveying   Machinery 

Belt  Conveyors,  Bucket  Elevators,  Ore-Bedding  Systems, 
Stoclung  and  Reclaiming  Towers  and  Bridges,  Feeders, 
Screens,  Coal  and  Coke  Crushers,  Conveyw  Auxiliaries 


Robins  Conveyino  Mtcbioery  used  lor  stacking  lailings.  Bell  Conveyors 
■re  found  hiflhly  oseml  for  ihii  work  because  of  their  flexibility,  lightness  and 
the  fact  that  they  can  tie  driven  at  any  point  in  their  length. 


Wril,  !,T  «»-  HanJiook  of  Conwyor  Prm 


Robins  Conveying  Belt  Company 

Park  Row  Building  New  York 

Cluai(D,  Old  Csloar  Buildinl.  Ml  Itit  Cily,  NewhoaH  BgiMinE- 

Sm  Fnaeuas.  Tbc  Griln  Co.,  Birmincbur.  Ali..  C.  B.  Divii  Eng.  Co.. 

AUika  CmuHRul  Bi>i]iKii(.  BrowB-Miri  Buildinf. 

Tsrosto,  Onl..  Gutu  Penh*  and  Rvbbtr,  Lid. 

L«lr».  E.  C  Fr>HV  &  CbalrMT.,  Ltd.,  MoorE.tc  H.I1,  Finihury  P.vbihdI. 

ITIaaw  mantlon  thli  atttxanB  wiwD  writins 'ailTWtiian.l  (47. 
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Sharpeners,  Drill 

Denver  Rock  Drill  Mfg.  Co..  Denver,  Colo. 
Sullivan  Machinerv  Co..  122  So.  Michigan 
Ave.,  Chicago,  111. 

SiUca  Brick 

Harbison- Walker  Refractories  Co..  Farmers' 
Bank  Bldg..  Pittsburgh.  Pa. 

6kip  Hoiste  (See  Hoists,  Skip) 

hyte  Rope 
Roebiing's  Sons  Co.,  John  A..  Trenton.  N.  J. 


Towers  and  Bridges,  Stockinf  and  Redalminf 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg., 
New  York  &t7. 

Tramways,  Wire  Rope,  Aerial 

Leschen  A  Sons  Rope  Co.,  A.,  920  N.  1st  St., 

St.  Louis,  Mo. 
Maeomber  A  Wfayte  Rope  Co.,  Kenosha.Wis. 
Roebiing's  Sons  Co..  John  A.,  Trenton,  N.  J. 


Maeomber  ic  Whyte  Rope  Co.,  Kenosha. Wis.    j   Transformers,  Electric 
Smelters 


Beer,    Sondheimer    A    Co.,    61    Broadway, 

New  York  City. 
Vogelstein  A  Co.,   Inc.,  L.,  42  Broadway, 

New  York  aty. 

Smeltinii  Machinery 

Allia-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
Colorado  Iron  Works  Co.,  Denver,  Colo. 
Trayior  Engineering  A  Mfg.  Co.,  Allentown, 

Pa. 
Worthington  Pump  A  Machinery  Corp'n., 
115  Broadway,  New  York  City. 

Soda  Ash 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis,  Mo. 

Spelter 

Illinois  Zinc  Co.,  Peru,  111. 

'  Spieaeleisen 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Sprockets 

American  Manganese  Steel  Co.,  MoCormick 
Bldg..  Chicago,  111. 

Stamp  Mill  Parts 

American  Manganese  Steel  Co.,  McCormick 
Bldg.,  Chicago,  111. 

Steel,  Crucible 

Colonial  Steel  Co.,  Keystone  Bldg.,  Pitts- 
burgh, Pa. 

Steel,  Drill,  HoUow  and  Solid 

Colonial  Steel  Co.,  Keystone  Bldg.,  Pitts- 
burgh, Pa. 

Denver  Rock  Drill  Mfg.  Co.,  Denver,  Colo. 

International  High  Speed  Steel  Co.,  00  Nas- 
sau St.,  New  York,  N.  Y. 

Sullivan  Machinerv  Co.,  122  So.  Michigan 
Ave.,  Chicago,  111. 

Steel,  Tool 

Colonial  Steel  Co.,  Keystone  Bldg.,  Pitts- 
burgh, Pa. 

International  High  Speed  Steel  Co.,  09  Nas- 
sau St..  New  York,  N.  Y. 

Stokers 

Westinghouse  Electric  ic  Mfg.  Co.,  East 
Pittsburgh,  Pa. 

Switchboards 

General  Electric  Co.,  Schenectady,  N.  Y. 
Weetinghouse   Electric   A   Mfg.    Co.,    East 
Pittsburgh,  Pa. 

Tables,  Concentrating  (See  Concentrators) 

Test  Lead 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St.. 
St.  Louis,  Mo. 

Thawers,  Switch 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Thermometers 

Heil'Chemical  Co..  Henry,  210-214  S.  4th  St., 
St.  Louis,  Mo. 

Thickeners,  Slime 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Dorr  Co.,  Denver,  Colo. 

Tipple  Machinery  Bqnipment 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 
Ohio. 

Torches,  Catting  and  Welding 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 


General  Electric  Co.,  Schenectady,  N.  Y. 
Westinghouse   Eleotrio   A   Mfg.   Co.,  Esst 
Pittsburgh,  Pa. 

Traps,  Steam 

Johns-Manville  Co^  H.  W.,  200  Madison 
Ave.,  New  York  City. 

Tongstate  of  Ammonia 

Primes  Chemical  Co.,  Primoe,  Pa. 

Tungstate  of  Soda 

Primes  Chemical  Co.,  Primos,  Pa. 

Tungsten  Metal 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila^ 

delphia.  Pa. 
Primos  Chemical  Co.,  Primos,  Pa. 

Tunntten  Ore 

Lavino  and  Co.,  £.  J.,  Bullitt  Bldg.,  Phila- 
delphia. Pa. 

Tunnten  Ore,  Bu^rs  of 

Primos  Chemical  Co.,  Primos,  Pa. 

Tungstic  Acid  - 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 
Primos  Chemical  Co.,  Primos,  Pa. 

Turbines,  Hydraulic 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 

Turbines,  Steam 

AlUs-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
General  Electric  Co.,  Schenectady.  N.  Y. 
Weetinghouse   Eleotrio   A   Mfg.    Co.,   East 
Pittsburgh.  Pa. 

Valves,  Pump 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  0. 

Vanadate  of  Ammonia 

Primos  Chemical  Co.,  Primoe,  Pa. 

Vanadic  Acid 

Primos  Chemical  Co.,  Primoe.  Pa. 

Vanadium  Chloride 

Primoe  Chemical  Co.,  Primos,  Pa. 

Vanadium  Ore,  Buyers  of 

Primos  Chemical  Co.,  Primos,  Pa. 

Ventilating  Fans  (See  Pans,  Ventilating) 

Wagon  Loaders 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 
Ohio. 

Weigh  Hoppers  (See  Hoppers,  Weigh) 

Wheels 

American  Manganese  Steel  Co.,  MeCormiek 
Bldg.,  Chicago,  111. 

Wheels,  Mine  Car 

FuUer-Lehigh  O)..  Fullerton,  Pa. 

Wire,  Iron.  Steel  and  Copper 

Koebhng's  Sons  Co.,  John  A.,  Trenton,  N.  J. 
Wire  Mechanism  (Lever  Control) 

Gwilliam  Co..  263  W.  68th  St.,  New  York 
City. 

Wire  Rope  (See  Rope,  Wire) 
Wires  and  Cables,  Electrical  . 

General  Electric  Co.,  Schenectady,  N.  Y. 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  O. 

Roebiing's  Sona  Co.,  John  A.,  Trenton,  N.  J. 

Zinc  Dust 

Vogelstein  A  Co.,  Inc.,  L.,  42  Broadway, 
New  York  City. 

Zinc  Sheet 

Illinois  Zinc  Co.,  Peru,  111. 
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PROFESSIONAL  CARDS 


WALTER  H.  ALDRIDGE 

CoDsiiltiBf  ICinlnff  mud 
M^iftnnrgical  Sngiiieer 

14  WaU  Street  IfBW  TOSK 


A.  CHESTER  BEATTY 


25  Broad  Street 

NEW  YORK,  N.  Y. 


CMmAdSnmm 

firarftlc 


H.  KENYON  BURCH 

Hcchaikal  mi  INctaHirilcil  EifiKer 

Can  Tha  Siarra  Madra  Club 

L.  A.  InTeatmoit  Bldf . 

Loc  AncaUt*  California 

Daaifnar  and  BuUdar  of 
Power*  Hoiatii 
CmahlAgand 


Power.  HoiatinCc  Pumping, 
1  MiUing  Planta. 


Spedaltiaa:  Coneentration  of  Orea. 

Ee<momie  Handling  of  Materiala 


J.  PARKE  CHANNING 


Conoltiiig  EUgbiter 


61  Bboadwat 


NEW  YORK 


JOHN  HAYS  HAMMOND 


CoRMltlng  EiiglMar 


120  Broadway 
Code:  B^dfordrMcNma 


NEW  YORK 


ABBOT  A.  HANKS 

Chomlst  and  Assayw 

BaUbliahad  18M 

Control  and  Umi^lra  Aaaasra,  Superri- 
don  of  SampUng  at  Smeltera,  Chemioal 
Analyaea  of  Oraa,  Minarala,  Mineral 


Waters,  eto. 

(30  SicrMWiU  St.       San  Frandsco,  Cal. 


LEDOUX  &  COMPANY 

Assayers  and  Samplers 
99  John  Stratt  NEW  YORK 

Independent  Ore  and  Metal  Samplers. 

Representatives  at  all  Refineries  and 
Smelters  on  Atlantic  Seaboard. 


ROBERT  H.  RICHARDS 

Or%  Dfuing 
Maaaaohuaetta  Institute  of  Technology 

BOSTON.  MASS, 


GEORGE  WARREN  TOWER,  JR. 

and  Aaaoelat«a 
Consulting  Goologlsts  and  Mining  Engineers 


Examination.  DeTelopment  and  Manage- 

>pertieB  Gold, 
Minerals  for  Making  Alloy  Steels. 


ment  Properties  GolcT  Silver,  Copper  %nd 


134  Woodland  Ave. 

NEW  ROCHELLE,  NEW  YORK 


POPE  YEATMAN  EDWIN  S.  BERRY 

POPE  YEATMAN 

Consulting  Mining  Englnosrs 

Examination,  Development  and 
Management  of  Properties. 

Ill  Broadway,  Now  Tork 

Cable:  Code: 

Ikana  BedJcrdrMcNM 
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'                                                                                         Paoi 
AlUs-Chftlmers  Mfg.  Co.,  Milwaukee.  Wis 21 

PRODUCTS:  Mining  Machinery  of  Every  Type.  Complete  Power  and  Eleotrioal  Equip- 
ments. 

American  Manganese  Steel  Co.,  McCormick  Building,  Chicago,  111 27 

PRODUCTS:  Castings  for  Mining  Machinery  ParU. 

Beer,  Sondheimer  &  Co.,  Inc.,  61  Broadway,  New  York 35 

PRODUCTS:  Buyers.  Smelters  and  Refiners  of  Ores  and  MeUls  of  all  classes. 

Bemis  Bro.  Bag  Co.,  65  Poplar  St.,  St.  Louis • 

PRODUCTS:  Canvas  Tubing  for  Air  Systems  in  Mines. 

Buchanan  Co.,  C.  G.,  90  West  St..  New  York  City • 

PRODUCTS:  Crushing  and  Magnetic  Concentrating  Plants  Complete  in  All  DeUils.  Roek 
and  Ore  Crushers,  Crushing  Rolls,  Magnetic  Separators,  Revolving  Screens.  Bucket  Elevators. 
Ore  Feeders. 

Colonial  Steel  Co.,  Pittsburgh,  Pa • 

PRODUCTS:  Drill  Steel,  Tool  Steel,  Crucible  and  High  Grade  Open  Hearth  SteeL 

Colorado  Iron  Works  Co.,  Denver,  Colo Inside  Front  Coyer 

PRODUCTS:  Complete  Equipment  for  Cyanide  and  Concentrating  Mills  and  Smelting  Plants. 

Deister  Concentrator  Co.,  Ft.  Wayne,  Ind 30 

PRODUCTS:  Debter,  Overstrom  and  Deister-Overstrom  Tables  in  either  Single  or  Doubla 
Deck  Types. 

DeuTer  Rock  Drill  Mfg.  Co.,  Denver.  Colo 11 

PRODUCTS:  Air  and  Electric  Rook  Drills.  Drill  Sharpeners.  Manufacturers  of  "WauA" 
and  •*  Denver "  Drills. 

Derby,  Jr.,  E.  L.,  Agent,  Ishpeming,  Mich • 

PRODUCTS:  The  Mass  Drill  Hole  Compass  for  determining  direction  and  dip. 

Dorr  Co.,  Denver,  Colo 31 

PRODUCTS:  Machinery  in  use  for  Cyanidin;;.  Wet  Gravity  Concentration,  Flotation, 
Leaching  Copper  Ores  and  many  non-metallurgical  industrial  processes. 

Du  Pont  de  Nemours  &  Co.,  £.  I.,  Wilmington,  Del ^ 

PRODUCTS:  Explosives.  Blasting  Powder,  Dynamite,  etc. 

Flory  Mfg.  Co.,  S.,  Bangor,  Pa 15 

PRODUCTS:  Mine  and  Contractors'  Hoists,  Cableways,  Capstans,  Winches,  Marin* 
Railway  Hoists,  etc. 

FuUer-Lehigh  Co.,  Fullerton,  Pa 29 

PRODUCTS:  The  FuUer-Lehigh  Pulveriser  Mill.  Cement  Mill  Machinery,  Powdered  Coal 
Equipment,  Gyratory  Crushers.  Roll  Crushers.  Rotary  Drj'ers,  Car  Wheels  and  Aziea, 
Chemical  Castings.  Charcoal  Iron  Castings.  Chilled  Castings. 

General  Electric  Co.,  Schenectady.  N.  Y Outside  Back  CoTor 

PRODUCTS :  Electric  Mine  Locomotives.     Electric  Motors  for  Operating  Mining  Maohinary. 

Goodman  Mfg.  Co.,  Chicago,  111 ♦ 

PRODUCTS:  Electrio  and  Air  Power  Coal  Cutters.  Electric  Mine  Locomotives.  Power 
PlanU. 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  O ♦ 

PRODUCTS:  Goodrich  "Longlife,"  "Dredge,"  Vanner.  Take-off  and  Magnetio  Separator 
Conveyor  Belts. 

Gwilliam  Co.,  253  West  58th  St.,  New  York  City 41 

PRODUCTS:  Ball  and  Roller  Bearings.  The  Bowden  Patent  Wire  Mechanism  for  the 
Transmission  of  Reciprocating  Motion  Through  a  Flexible  and  Tortuous  Route. 

Harbison -Walker  Refractories  Co.,  Pittsburg,  Penna 33 

PRODUCTS:  Refractories  for  Blsst  Furnace  and  the  Open  Hearth.  Electrical  Fumaoea. 
Copper  Smelting  Plants  I^ead  Refineries,  Nickel  Smelters.  Silver  Slimes  and  Dross  Fumnocn, 
Alloy  Furnaces,  as  well  as  all  other  types  in  iise  in  the  various  metallurgical  proceasea. 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th.  St.,  St.  Louis,  Mo ♦ 

PRODUCTS:  Chemicals  and  Chemical  Apparatus.  Supplies  for  Mines,  Smelters,  Iron 
and  Steel  Works.  Schools.  Colleges,  and  Universities. 

Holmes  &  Bros.,  Inc.,  Robt.,  30  N.  Hazel  St.,  Danville,  111 17 

PRODUCTS:  Engineers.  Founders,  Machinists  and  Boiler  Makers.  Builders  of  Hoisting 
and  Haulage  Engines,  Shake  Screens  and  Weigh  Hoppers.  Self  Dumping  Cages  and  Enapty 
Car  Lifts.  Mill  and  Mine  Supplies. 

*  Advertisement  does  not  appear  in  this  issue,  but  products  are  listed  in  Classified  List  of  Mining 
and  Metallurgical  Equipment. 
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nUnoit  Zinc  Co.,  Peru.  Dl,.  / 37 

PRODUCTS:  Spelter,  Sheet  Zine  and  Sulphuric  Add. 

InteniAtioiud  High  Speed  Steel  Co.,  99  Nassau  St,  New  York  City 7 

PBODUCTS:  DriU  Steel,  Tool  Steel.  DriU  Rode. 

Jefrey  ICfg.  Co.,  902  N.  Fourth  St.,  Columbus,  O * 


Johns-MaiiTffle  Co.,  H.  W.,  New  York  City 43 

PRODUCTS:  Asbeetoe  and  Rubber-type  Roofince.  Roof  Coatins.  Steam  Paokince.  Pipe 
Ineulationa.  Cemente.  Brake  Lining  and  Brake  Blocks.  Steam  Traps,  Third  Rail  Inauiatore, 
Mine  ^angen.  Moulded  Mica  Weatherproof  Sockets,  Electrical  Tapes  and  Fuses. 

LtYino  &  Co.,  E.  J.,  Bullitt  Bld^..  Philadelphia,  Pa 34 

PRODUCTS:  Ores:  Manganese,  Chrome,  Iron,  etc.     Ferro  Alloys  and  Metals.     Pig  Iron. 

Leschen  &  Sons  Rope  Co.,  A.,  St.  Louis,  Mo 19 

PRODUCTS:  Wire  Rope  for  all  purposes,  including  Hercules  Red  Strand  Wire  Kope,  and 
Wire  Ropes  of  Patent  Flattened  Strand  and  Locked  Coil  constructions.  Aerial  Wire  Rope 
Tramways  for  economical  transportation  of  material. 

Longyear  Co.,  B.  J.,  710  Security  Bldg.,  Minneapolis,  Minn 9 

PRODUCTS:  Contract  Diamond  Drilling,  Manufacture  of  Diamond  Drills  and  Supplies, 
Shaft  Sinking  and  Development  Work,  Geological  Department. 

Mtcleod  Co.,  Bogon  St.,  Cincinnati,  Ohio Inside  Back  Cover 

PRODUCTS:  Ozy-Acetylene  Cutting  A  Welding  Apparatus  for  mine  repair  work,  also  port- 
able oil  burners  for  same  purpose,  metiQlurgical  furnaces,  carbide  lights,  ana  sand  blast  outfits. 

Macomber  &  Whyte  Rope  Co.,  Kenosha,  Wis * 

PRODUCTS:  Monarch  Whyte  Strand  Wire  Rope.  Patent  Kilindo  Non-Rotating  Wire  Rope. 
Wire  Rope  of  all  Grades  and  Constructions.    Patent  Monarch  Mins  Car  Hitchings. 

Mine  &  Smelter  Supply  Co.,  42  Broadway,  New  York  City * 

PRODUCTS:  Manufacturers  of  Mining,  Milling,  Smelting  and  Crushing  Machinery. 

Primos  Chemical  Co.,  Primos,  Pa * 

PRODUCTS:  Molybdenum,  Tungsten  and  Vanadium  Products.  Buyers  of  Molybdenum, 
Tnngaten  and  Vanadium  Ores. 

Robins  Conveyhic  Belt  Co.,  Park  Row  Bldg.,  New  York  City 47 

PRODUCTS:  Belt  Conveyors.  Bucket  Elevators.  Ore  Bedding  Syitems,  Unloading,  Stocking 
and  Reclaiming  Towers  and  Bridges,  Convsyor  Auxiliaries. 

Roebling's  Sons  Co.,  John  A.,  Trenton,  N.  J 6 

PRODUCTS:  Wire  Rope  for  Mining  Work.  Stock  shipments  from  agencies  and  branches 
throughout  the  country.  • 

Roessler  &  Hasslacher  Chemical  Co.,  100  William  St..  New  Ydrk * 

PRODUCTS:  Cyanide  of  Sodium  and  Other  Chemicals  for  Mining  Purposes. 

Sullivan  Machinery  Co.,  122  S.  Michigan  Ave..  Chicafco.  Ill 52 

PRODUCTS:  Coal  Pick  Machines.  Air  Compressors.  Diamond  Core  Drills,  Rock  Drills,  Ham- 
mer Drills,  Mine  Hoists,  Chain  Cutter,  Bar  Machines,  Fans. 

Traylor  EnicineerlnR  &  Mfg.  Co.,  AUentown,  Pa 23 

PRODUCTS:  Manufacturers  of  Mining,  Milling,  Smelting  and  Crushing  Machinery. 

Vogelstein  &  Co.,  Inc.,  L.,  42  Broadway,  New  York 39 

PRODUCTS:  Buyers,  Smelters  and  Refineri  of  Ores  and  Metals  of  all  classes. 

Vulcan  Iron  Works,  Wilkes-Barre,  Pa * 

PRODUCTS:  Vulcan  Elertric  Mine  Hoists,  Steam  Hoists.  Ho'istinfl(  and  Haulage  Engines, 
Mining  Machinery,  etc.     Nicholson  Device  for  Prevention  of  Overwinding. 

Wed^e  Mechanical  Fnmace  Co.,  Greenwich  Point,  PhUadelphia,  Pa 32 

PRODUCTS:  The  Wedge  Mechanical  Roasting  Furnace  (Patented). 
Westini^hottse  Electric  &  Mfg.  Co.,  Eadt  Pittsburgh,  Pa * 

PRODUCTS:  The  Baldwin-Westinghouse  Electric  Mine  Locomotives.  Electrical  Machin- 
ecy:  Turbines.  Generators,  Motors,  etc. 

Wood  Equipment  Co.,  McCormick  Bldg.,  Chicago,  111 13 

PRODUCTS:  The  Pneumatic  Rotary  Dump  (Wood  and  Ramsay  Patento).  Adaptable  to 
aD  mining  conditions— old  or  new  operations. 

Wortfiini^ton  Pomp  and  Machinery  Corp'n,  115  Broadway,  New  York 25 

PRODUCTS:  Laidlaw  Feather  Valve  Air  Compreesori,  Direct  Acting  and  Centrifugal 
Pumpa.  Power  Pumps.  Rock  and  Ore  Crushers.  Crushing  Rolls,  Tube  Mills,  Converters. 
Woodbury  Jigs,  Snow  Oil  Engines. 

*  Adrertisement  does  not  appear  in  this  issue.lbut  products. are  listed  in  Classified  List  of  Mining 
and  Metallurgical  Equipment. 
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General  Electric  Company 

/g\      General  Office:  Schenectady,  H.  Y.      /©i 
V^  Address  Nearest  City  ^<S^ 


JUL     SO     ISid^ 


AVOID 


DUST  LOSSES 
EXCESSIVE  LABOR 


The  drying  of  very  fine,  clayey,  materials  has 
heretofore  entailed  high  labor  cost,  and  been 
accompanied  by  heavy  loss  through  dusting. 
With  flotation  concentrates,  for  example,  the 
actual  money  loss  through  dusting  alone  might 
easily  exceed  the  entire  cost  of  drying  with 

The  Lowden  Dryer 

This  machine  was  developed  for  just  such 
conditions,  and  it  most  emphatically 

Ha3  Made  Good 

It  successfully  handles  the  stickiest  of  ma- 
terials without  clogging,  and  with  negligible 
dusting. 

If  you  have  a  drying  problem,  send  us  the 
particulars  and  permit  us  to  show  you  how 
we  believe  you  can  solve  it  in  a  thoroughly 
satisfactory  manner. 

Pamphlet  32  describes  it. 

Colorado  Iron  Works  Co. 

Ore  Millintf  Machinery  and  Smeltintf  Equipment  Since  1800 


NEW  YORK  OFFICE 
30  Church  Street 


Denver,  Colo.,  U.  S.  A. 
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ROSSITER  WORTHINGTON  RAYMOND,  Ph.  D.,  LL.  D.— 

1840  TO  1918 

Dr.  Rossiter  W.  Raymond,  Past  President,  Honorary  Member,  and 
Secretary  Emeritus,  died  suddenly  of  heart  failure  at  his  home,  123 
Henry  St.,  Brooklyn,  N.  Y.,  on  the  evening  of  Tuesday,  Dec.  31,  1918. 
He  is  survived  by  his  wife  and  daughter.  He  was  one  of  the  founders 
of  the  Institute  and  its  second  President,  his  genius  was  the  Institute's 
guiding  spirit  for  47  years. 

Dr.  Raymond  was  one  of  the  most  versatile  men  of  the  day;  an  able 
mining  engineer;  brilliant  professional  writer;  an  editor  of  the  first  rank 
and  an  acknowledged  authority  on  matters  of  Uterary  style;  a  creator 
in  the  fields  of  fiction,  children's  stories,  poetry  and  music;  for  more 
than  50  years  the  superintendent  of  Plymouth  Church  Sunday  School. 
He  will  be  revered  by  thousands  as  a  loyal  friend,  generous  giver,  and 
admired  colleague.  His  passing  marks  an  epoch  in  mining  and  metal- 
lurgical literature.  A  memorial  service  will  be  held  in  the  Auditorium 
of  the  Institute  Headquarters  on  Monday,  Feb.  17,  1919,  at  4.30  p.m. 

•  •  • 
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SUMMARY  OF  PROGRAM  FOR  NEW  YORK  MEETING 

Monday,  Feb.  17 

9.00  A.M.  to 

9.00  P.M.     Registration  at  Institute  Headquartiers. 

9.00  A.M.    Meeting  of  Committee  on  Development  of  the  Activities 

.  of  the  Institute,  Room  905,  9th  Floor. 
10.00  A.M.    Simultaneous  Sessions  of 

Institute  of  Metals  Division,  Room  2,  5th  floor. 

Industrial  Organization,  Room  1,  5th  Floor. 
12.30  P.M.    Luncheon  at  Headquarters,  5th  Floor. 
2.00  P.M.  to 
4.25  P.M.    Simultaneous  Sessions  of 

Institute  of  Metals  Division,  Room  2,  5th  Floor. 

Industrial  Organization,  Room  1,  5th  Floor. 

Petroleum  and  Gas,  Room  905,  9th  Floor. 
2.30  P.M.    Sightseeing  trip  by  automobile  for  the  ladies.    Among 

the  points  visited  will  be: 

The  American  Museum  of  Natural  History. 

The  Episcopal  Cathedral  of  St.  John  the  Devine. 

The  Spanish  Museum. 

The  American  Geographical  Society. 

The  American  Numismatic  Society. 

The  visits  will  be  followed  by  Tea. 
4.30  P.M.    Memorial  Service  to  Dr.  Rossiter  W.  Raymond,  Auditorium. 
8.30  P.M.    Smoker,  5th  floor. 


Tuesday,  Feb.  18 

Canadian  Mining  Institute  Day 

9.30  A.M.    Annual  Business  Meeting  of  A.  I.  M.  E. 
10.00  A.M.    Simultaneous  Sessions  on 

Principles  of  Mine   Taxation,  Improved   Relations  of 

Capital  and  Labor,  Auditorium,  3d  Floor. 
Iron  and  Steel,  Room  1,  5th  Floor. 
11.00  A.M.    Meeting  of  the  Woman's  Auxiliary,  Room  2,  5th  Floor. 
12.00  P.M.    Meeting  of  the  Board  of  Directors,  Room  905,  9th  Floor. 
12.30  P.M.    Luncheon  at  Headquarters,  5th  Floor. 
1.00  P.M.    The  Directors  will  entertain  at  Luncheon  at  the  Engineers' 

Club,  officers  of  Canadian  Mining  Institute  and  other 
distinguished  visitors. 
2.30  P.M.  to 

5.00  P.M.    Discussion   of   International   Cooperation  in   Mining  in 

North  America,  Auditorium. 

Uniform  Mining  Law  for  North  America,  Auditorium. 
2.00  P.M.    Sessions  oh  Iron  and  Steel,  Room  905,  9th  Floor. 
3.00  P.M.    Visit  to  Senator  Clark's  Galleries  and  Metropolitan  Museum 

of  Art. 
4.30  P.M.     Memorial  Meeting  for  Members  Who  Died  in  Service. 
8.30  P.M.    Evening  Entertainment  and  Dancing,  Auditorium,  3d  Floor. 
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Wednesday,  Feb.  19 


9.00  A.M. 
10.00  A.M. 


11.00  A.M. 

12.30  P.M. 
2.30  P.M. 


Committee  on  Development,  Room  3,  5th  Floor. 
Simultaneous  Sessions  of 
National  Research  Council,  Room  1,  5th  Floor. 
Mining,  Milling,  and  Geology,  Room  2,  5th  Floor. 
Meeting  of  Woman's  Auxiliary,  Room  905,  9th  Floor. 
Luncheon  at  Headquarters,  5th  Floor. 
Matinee  for  the  Ladies. 
2.30  P.M.  to 

5.00  P.M.    Joint  Session  with  American  Institute  of  Electrical  Engi- 
neers on  Electric  Welding,  Auditorium. 
2.30  P.M.  to 

5.00  P.M.    Moving    pictures    showing    operations  of  New  Cornelia 

Mining  Co. ;  mining  operations  of  the  Utah  Copper  Co.f 
and  Nevada  Consolidated  Copper  Co.;  milling  operations 
of  the  Utah  Copper  Co.;  and  smelting  operations  of  the 
Ga^eld  Smelting  Co.,  Room  1,  5th  Floor. 
President's  Reception,  Hotel  Biltmore. 
Annual   Banquet  followed  by  Dancing,  Hotel  Biltmore. 


6.30  P.M. 
7.30  P.M. 


Thursday,  Feb.  20 

AD-day  excursion  to  Federal  Ship  Building  Plant,  Newark,  N.  J.  In- 
spection of  steel  ship  being  electrically  welded  throughout.  Tickets 
must  be  obtained  in  advance  at  Registration  Bureau. 

A  ship  launching  has  also  been  arranged. 
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REPORTS  FOR  THE  YEAR  1918 

THE  SECRETARY'S  REPORT 

Rossiter  Worthington  Raymond,  Ph.D.,  LL.D — 1840  to  1918.— Dr. 
Rossiter  W.  Raymond,  Past  President,  Honorary  Member  and  Secre- 
tary Emeritus,  died  suddenly  of  heart  failure  at  his  home,  123  Henr}'  St., 
Brooklyn,  N.  Y.,  on  the  evening  of  Tuesday,  Dec.  31,  1918.  He  was  one 
of  the  founders  of  the  Institute  and  its  second  President.  A  Memorial 
Service  will  be  held  on  Monday  afternoon,  Feb.  17. 

James  Douglas. — The  Institute  suffered  a  second  very  severe  loss  by 
the  death  of  Dr.  James  Douglas,  Honorary  Member,  Past  President 
(having  served  as  President  for  two  years),  and  in  three  separate  respects 
the  greatest  benefactor  of  the  Institute:  first,  in  raising  funds  by  volun- 
tary subscription  and  his  own  personal  gifts  to  pay  the  Institute's  share 
of  the  money  owed  on  the  land  on  which  the  Engineering  Societies  Build- 
ing now  stands;  second,  as  original  donor  to  Engineering  Societies  Library; 
and  third,  by  his  bequest  of  $100,000  for  the  maintenance  of  the  librar>' 
of  the  American  Institute  of  Mining  Engineers. 

A  resolution  regarding  the  death  of  Dr.  Douglas  was  passed  by  the 
Board  of  Directors  and  at  the  meeting  of  the  Institute  on  September  4, 
1918,  in  Colorado,  at  which  time  a  memorial  service  was  held  in  the  thea- 
ter of  the  Hotel  Broadmoor,  attended  by  about  400  members  and  guests. 
A  copy  of  the  resolution  was  prepared  and  sent  to  the  family.  A  bronze 
tablet  is  now  being  prepared  and  will  be  placed  in  the  Members'  Room 
and  unveiled  at  the  February  meeting.  A  biography  and  portrait 
of  Dr.  Douglas  was  published  in  the  September,  1918,  BiUletin.  There 
is  also  placed  in  the  Engineering  Societies  Library  an  oil  portrait  of  Dr. 
Douglas  which  had  his  own  approval  and  was  presented  by  him. 

Am£rican  Institute  of  Metals. — During  the  Spring  of  the  year,  plans 
were  completed  with  the  American  Institute  of  Metals  whereby  this 
society  became  the  Institute  of  Metals  Division  of  the  American  Insti- 
tute of  Mining  Engineers.  This  body  was  a  dignified  aggregation  of 
metallurgists  which  had  been  in  existence  for  about  11  years.  A  bronze 
tablet  commemorating  the  American  Institute  of  Metals  is  now  being 
placed  in  the  Members'  Room  of  the  Institute,  and  during  the  year  1919 
the  Bulletin  wiQ  bear  the  following  title:  *' Bulletin  of  the  American 
Institute  of  Mining  Engineers,  with  which  is  consolidated  the  American 
Institute  of  Metals." 

Visits  to  Local  Sections. — During  the  year  President  Jennings  made 
visits  to  six  of  the  Local  Sections,  on  three  of  which  occasions  he  was 
accompanied  by  the  First  Vice-president  and  the  Secretary.  First 
Vice-president  Goodale  made  five  visitations  and  the  Secretary  made 
eight. 

At  Washington,  D.  C,  a  Local  Section  of  the  Institute  was  formed  at 
a  meeting  held  on  June  21,  1918,  and  is  described  in  the  August  Bulletin. 
There  has  also  been  a  request  received  for  the  formation  of  a  section  in  the 
Lake  Superior  region,  to  be  known  as  The  Upper  Peninsula  Section.  The 
President  of  the  Institute,  accompanied  by  Mr.  Horace  V.  Winchell  and 
the  Secretary,  visited  the  members  of  Duluth,  Minn.,  and  Houghton, 
Mich.,  on  their  return  from  the  Colorado  Meeting. 
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Meetings. — Three  meetings  were  held  during  the  year;  namely,  the 
Annual  Meeting  in  February,  a  full  account  of  which  is  given  in  the 
Bulktin  for  April;  The  Colorado  Meeting  in  September,  described  in 
the  October  Btdletin;  and  the  Milwaukee  Meeting  in  October,  described 
in  the  November  Btdletin, 

Expulsion  of  Enemy  Aliens. — All  enemy  aliens  were  expelled  from  the 
Institute.  This  included  Honorary  Members  and  those  in  enemy  coun- 
tries as  well  as  all  persons  residing  in  other  countries  and  known  to  be 
enemy  aliens.  The  Committee  on  Membership  was  requested  to  report 
regarding  the  latter  class  of  persons. 

Remission  of  Dues  of  Men  in  the  Service, — By  auction  of  the  Board  of 
Directors  the  dues  of  all  Members,  Associates,  or  Junior  Associates  in 
the  service  of  the  United  States  or  its  Allies  were  remitted  upon  receipt 
of  request. 

Remission  of  Dues  of  Older  Members, — By  action  of  the  Board  of 
Directors  the  dues  were  remitted  of  certain  members  who  had  paid  dues 
for  the  past  30  years  and  had  attained  the  age  of  70  years.  In  individual 
cases,  the  dues  were  remitted  of  members  who  had  not  yet  attained  the 
age  of  70  years  but  who  had  paid  dues  for  35  years  or  more  and  were  no 
longer  active. 

Membership,  Finance,  Publications,  Library, — The  details  as  to  the 
activities  during  the  year  of  the  Committees  on  Membership,  Finance, 
Papers  and  Publications,  and  Library  of  the  Institute  are  set  forth  in  the 
reports  of  the  appropriate  committees  given  elsewhere  in  this  Bulletin, 

Canadian  Mining  Institute, — To  strengthen  the  bonds  of  friend- 
ship and  cooperation  that  have  always  existed  between  the  Canadian 
Mining  Institute  and  the  American  Institute  of  Mining  Engineers, 
members  of  the  Canadian  Mining  Institute  not  residing  in  the  United 
States  were  privileged  to  subscribe  to  the  Bulletin  of  this  Institute  at  one- 
half  the  regular  subscription  price.  This  is  the  same  price  at  which  it 
is  sold  to  members  of  the  American  Institute  of  Mining  Engineers. 
Furthermore,  the  members  of  the  Canadian  Mining  Institute  were  all 
invited  to  attend  the  119th  meeting  of  the  Institute,  and  Feb.  18,  ,1919, 
will  be  known  as  "Canadian  Mining  Institute  Day'^  at  this  meeting. 
Returning  the  courtesy,  all  members  of  the  American  Institute  of  Min- 
ing Engineers  are  invited  to  attend  the  meeting  of  the  Canadian  Mining 
Institute  on  Mar.  6,  1919,  which  day  will  be  known  as  "American  Insti- 
tute of  Mining  Engineers  Day." 

Employment  Department. — Employment  activities  of  the  Institute 
during  1918  have  been  on  an  important  scale.  Owing  to  the  shortage 
of  eng|ineers,  it  has  been  difficult  to  fill  all  positions  that  were  open.  This 
situation  was  reversed  on  the  signing  of  the  armistice,  when  a  great  many 
engineers  were  discharged  from  the  service.  Cooperation  with  the 
Government  Department  was  maintained  through  a  committee  of  Engi- 
neering Council.  In  November,  this  Committee  was  superseded  by  a 
bureau  of  employment  headed  by  the  Secretaries  of  the  Four  Founder 
Societies,  which  bureau  is  now  known  as  the  Engineering  Societies 
Employment  Bureau.  This  Bureau  is  also  cooperating  with  the  United 
States  Employment  Service,  maintained  by  the  United  States  Depart- 
ment of  Labor.  At  the  time  of  this  writing  (January,  1919),  the  supply 
of  engineers  returning  from  the  war  is  very  much  larger  than  the  number 
of  situations  offered. 
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National  Research  Council. — With  the  approval  of  the  President, 
in  May,  1918,  the  Secretary  assumed  the  duties  of  Chairman  of  the  Sec- 
tion on  Metallurgy  of  the  Engineering  Division  of  the  National  Research 
Council.  In  this  way  the  Institute  was  enabled  to  be  of  service  to  the 
National  Research  body  in  connection  with  many  problems  in  metallurgy 
for  the  benefit  of  the  Army,  Navy,  Aircraft  Board,  Emergency  Fleet 
Corporation,  and  other  war  activities.  At  the  119th  meeting  of  the  In- 
stitute, in  February,  1919,  nine  papers  on  metallurgy  will  be  presented, 
all  of  which  are  reports  of  researches  under  the  auspices  of  National 
Research  Council. 

The  National  Research  Council  was  originated  in  1916  at  the  request 
of  the  National  Academy  of  Science.  On  May  11,  1918,  National  Re- 
search Council  was  made  a  permanent  body  by  executive  order  of  the 
President  of  the  United  States.  The  President  and  Secretary  of  the 
Institute  joined  with  the  Presidents  and  Secretaries  of  the  other  Founder 
Societies  in  giving  a  dinner  to  the  Chairman  and  officers  of  the  National 
Research  CouncU,  at  the  Engineers'  Club.  In  this  way  the  Institute 
has  been  performing  one  of  the  important  objects  of  its  incorporation, 
namely,  the  promotion  and  encouragement  of  engineering  research. 


COMMITTEE  ON  MEMBERSHIP 

The  total  number  of  applications  brought  before  the  Committee 
during  the  year  1918  was  675;  the  total  number  of  persons  who  were 
elected  and  became  members  of  the  Institute  during  the  same  period 
was  666. 

The  total  membership  of  the  Institute  on  Dec.  31,  1917,  was  6528, 
consisting  of  20  Honorary  Members,  5832  Members,  237  Associates,  and 
439  Junior  Associates.  The  changes  in  membership  during  the  year 
are  shown  in  the  accompanying  schedule: 

Total  Membership,  Dec.  31, 1917 6528 

Loss  by  resignation 60 

Loss  by  suspension 162 

Loss  by  death 90  312 

6216 

Elected 666 

Reinstated . , 56 

By  affiUation  with  American  Institute  of 
Metals 220  942 


Membership,  Dec.  31,  1918 7168 

Change  of  Status : 

Associates  to  Members. 1 

Junior  Associates  to  Associates 8 

Junior  Associates  to  Members 21 
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REPORT  OF  TREASX7RER  AND  FINANCE  COMMITTEE 

To  THX  Chairman  and  Membebs  of  the  Finance  Committee: 

We  have  audited  the  books  and  accounts  of  the  American  Institute  of  Mining 
Engineers  and  have  prepared  therefrom  a  statemtnt  of  cash  receipts  and  disburse- 
ments for  the  year  ended  December  31,  1918,  and  a  balance  sheet  at  the  latter  date. 
A  summary  of  cash  receipts  and  disbursements  follows: 

January  1,  191 S — Balance  in  banks  and  on  hand I  10, 465. 13 

December  31, 1918— Receipts- for  the  year 112,298. 19 

$122,763.32 
Deduct:  Disbursements  for  year 114,504.95 

December  31,  1918— Balance  on  hand $8,258 .  37 

Distributed  as  follows: 

National  Bank  of  Commerce $1,093 .  09 

Brooklyn  Trust  Company 4,261 .  51 

Fifth  Avenue  Bank  of  New  York 2,249.66 

Fifth  Avenue  Bank  of  New  York  (special  account) ...  454 .  11 

Petty  cash  in  office 200.00 

$8,258.37 

During  the  year  investment  was  made  in  $2000  United  States  Government  4K 
per  cent.  Third  Liberty  Loan  Bonds  due  1928.  Of  this  amount  $650  was  used  as  a 
further  investment  on  account  of  the  Life  Membership  Fund  and  $1250  was  purchased 
by  employees  and  $100  is  held  in  the  safe. 

We  examined  the  securities  as  set  forth  in  the  balance  sheet  and  found  them  as 
there  stated.  The  market  values'  as  at  December  31,  1918,  as  quoted  by  Messrs. 
Lee,  Higginson  &  Company,  are  shown  below: 

$2,000  Interborough  Rapid  Transit  5  per  cent,  bonds  due 

1966  @  72. $1,440.00 

$1,000  Illinois  Central,  Chicago,  St.  Louis  &  New  Orleans 

5per  cent,  bond  due  1963  @  94 940.00 

$2,000  Chicago,  Milwaukee  &  St.  Paul  R.  R.  4  per  cent. 

bonds  due  1934  ©76 1,520.00 

$1,000  Chicago,  Milwaukee  &  St.  Paul  4^  per  cent,  bond 

due  2014  ©72 720.00 

$650  United  States  Government  Third  Liberty  Loan  4^  per 

cent,  due  1928  ©96 ' 624.00 

A  further  payment  of  $2500  was  made  during  the  ^rear  on  account  of  the  Insti- 
tute's proportion  of  the  cost  of  the  addition  to  Engineering  Building  leaving  a 
balance  of  $5000  still  unpaid. 

The  change  in  valuation  of  the  equit>r  of  the  American  Institute  of  Mining 
Engineers  in  the  United  Engineering  Society  land  and  building  ia  made  by  the 
Finance  Committee,  on  our  recommendation,  the  total  valuation  having  been 
obtained  from  the  United  Engineering  Society  and  shown  on  the  books  of  the 
American  Institute  of  Mining  Engineers  at  one-fourth  of  this  total  figure.  This 
change  was  brought  about  by  the  admission  of  one  additional  Founofer  Society. 
The  same  method,  we  understand,  has  been  adopted  by  at  least  one  of  the  other 
Founder  Societies. 

Vouchers  and  cancelled  checks  were  produced  for  all  cash  disbursements.  The 
cash  on  hand  was  counted  and  found  correct  and  certificates  obtained  verifying  the 
bank  balances. 

All  cash  received  as  shown  by  the  books  was  deposited  to  banks.  The  footings 
andpoetings  to  general  ledger  were  checked  and  found  correct. 

We  are  pleased  to  state  that  we  find  the  books  well  kept  and  the  records  of  the 
Institute  in  good  order.  Yours  very  truly, 

Barrow,  Wade,  Guthrie  &  Co. 
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REPORT  OF  TREASURER  AND  jriNANCE  COMMITTEE 

Assets 
Cash  on  Hand  and  in  Banks: 

General  funds $6,752.27 

Special  funds 1,606.10         8,!258.37 

Investment  of  Life  Membership  Fund: 
$2,000  Interborough  Rapid  Transit  5  per  cent,  bonds  1966  $1,974.31 
$1,000  Illinois  Central,  Chicago,  St.  Louis  &  New  Orleans 

5  per  cent,  bonds  due  1963 1,010.66 

$2,000  Chicago,  Milwaukee  &  St.  Paul  R.  R.  4  per  cent. 

bonds  due  1934 1,877.63 

$1,000  Chicago,  Milwaukee  &  St.  Paul  43^  per  cent,  bond 

due  2014 824.26 

$650  U.  S.  Government  Third  Liberty  Loan  4K  per  cent. 

due  1928 660.00         6,336.75 

Liberty  Bond: 
$100  U.  S.  Government  Third  Liberty  Loan  4H  per  cent. 

due  1928 100.00 

Interest  in  United  Engineering  Building: 

Land  and  building  29  West  39th  Street— K  of  $1,947,171.16 486,792.79 

Library: 

Books  and  periodicals  in  Library  belonging  to  American  Institute 
of  Mining  Engineers 40,000.00 

$641,487.91 
Receipts    • 

• 

Initiation  Fees $6,000 .  00 

Annual  Dues: 

Current  dues $66,136.43 

Arrears 2,321 .  14 

Advance 1,706.86     70,163.43       76,163.43 


Receipts  from  Other  Sources: 

Sale  of  transactions $4,673 .  76 

Sale  of  binding 11,997. 16 

Sale  of  advertising 10,448 .  96 

Sale  of  special  editions 794 .  02 

Sale  of  bulletins  and  pamphlets 3,060.90 

Sale  of  pins  and  fobs 237 .  66 

Interest  on  Investments  and  Bank  deposits 967 .  23 

Sundry  refunds  from  Societies 269 .  67 

Sundry  refunds  from  members 950. 24 

Sundry  receipts 213.99       33,603.36 


Special  Funds: 

Life  memberships 450. 00 

Liberty  Bonds  purchased  by  employees 1,250.00 

Proceeds  from  sale  of  Dr.  Williams's  book  "The  Diamond 

Mines  of  South  Africa" 776.82 

From  the  Dinner  Committee 19.00 

Hadfield  prize — interest 33 .  87 

Thayer  prize — interest 1-71         2,531 .40 

Total  receipts $112,298.19 

Cash  on  Hand  January  1,  1918 10,465.13 

$122,763.32 
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Liabilities 
Special  Funds: 

Hadfield  prixe  and  interest $1,154 .  51 

Thayer  pme  and  interest 58. 14 

Dinner  committee 115 .  20 

Dr.  WiUiam's  Book 15.00         1,342.86 

Reserve  for  Life  Membership  Fund 40,000 .  00 

Life  Membership  Fund: 

Balance  January  1,  1918 $6,150.00 

Additioms  during  year  1918 450.00         6,600.00 

Unikd  Engineering  Society: 
Balance  due  additions  to  building  $12,500,  less  $7,500  paid 5,000.00 

Surplus: 
As  at  January  1,  1918 $546,924.13 

Deduct: 
Adjustment  of  equity  in  land  and  building  as  authorized 
by  chairman  of  Finance  Committee  due  to  one  addi- 
tional founder  society  being  taken  in  and  sharing  in 
the  equity 59,053.83 

$487,870.30 
Add: 
Net  income  year  1918 674.76     488,545.06 

$541,487.91 
Disbursements 
General  Funds: 

Bulletin $30,750.08 

Year  Book 2,185.02 

Transactions  of  1917 $1,490.42 

Transactions  of  1918 7,697.07         9,187.49 

Binding  transactions  1917 $    277 .  57 

Binding  transactions  1918 8,220. 14         8,497.71 

Special  editions 2,036.43 

Editorial  and  office 27,399.27 

Treasurer 1,154.27 

Library 3,999.97 

Advertising 5,454 ,  01 

Meetings 3,705.88 

Local  sections 2,898 .  54 

Technical  committees 58 .  22 

Committee  on  increase  of  membership 2,118 .  11 

Back  volumes  1-53— binding,  etc 1,813.59 

Circulars 452.76 

Engineering  Council 4,000.00 

Delegate  to  Council  of  Engineers,  Paris 1,500.00 

Sun<uy  charges  to  members  (to  be  refunded) 747 .  54 

Pins  and  fobs 164.95 

Sundry  disbursements 968 .  19 

$109,092.03 
Addition  to  Engineering  Building :  Payment  on  account         2,500 .00      111  ,592 .  03 
Special  Funds: 
Liberty  bonds  purchased  for  investment  and  for  em- 
ployees  \ $2,000.00 

Proceeds    sale    of   Dr.    Williams's  book   donated   to 

American  Red  Cross  Societv 761 .  82 

Dinner  Committee 151 .  10         2,912.92 

Total  Disbursements $114,604.95 

Cash  on  Hand  December  31,  1918 8,258. 37 

$122,763.32 
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*     COMMITTBE  ON  PAPERS  AND  PUBLICATIONS 

During  the  past  year  130  papers  were  submitted  to  the  Committee 
and  107  were  accepted  and  printed  in  the  Bulletin.  The  aim  of  the 
Committee  has  been,  not  only  in  the  acceptance  of  the  technical  papers 
but  also  in  the  selection  of  the  other  matter,  to  make  the  Bulletin  of 
great  interest  and  value  to  the  members.  To  carry  out  this  work  it 
has  been  necessary  for  the  Committee  to  ask  many  members  to  give 
considerable  time  to  the  work  of  the  Institute,  which  all  have  freely 
done.  This  cooperation  has  been  a  great  factor  in  the  success  attained 
by  our  meetings  and  publications. 

For  the  116th  meeting,  held  in  New  York  last  February,  64  papers 
were  received  of  which  50  were  accepted  and  printed.  Of  the  57  sub- 
mitted for  the  117th  meeting,  held  in  Colorado  last  September,  42  were 
accepted  and  printed.  All  of  the  papers  submitted  for  the  1 18th  meeting, 
held  in  Milwaukee  in  October,  15  in  number,  were  accept^  and  printed. 
For  the  119th  meeting,  to  be  held  in  New  York,  February  17  to  20,  58 
papers  have  been  submitted,  50  of  which  have  been  accepted  and  printed. 

In  addition  Volumes  LVII,  LVIII,  and  LIX  of  the  Transactions  were 
printed  and  sent  to  the  members.  Also  the  collective  index  of  Volumes 
XXXVI  to  LV  inclusive,  which  was  prepared  during  1917,  was  printed. 


LIBRARY  COMMITTEE 

In  accordance  with  the  requirements  of  By-Law  LX,  the  report  of  the 
Library  Committee  is  herewith  appended. 

The  total  accessions  of  the  Library  for  the  year  were  as  follows: 
Gifts,  16,258;  purchase,  663;  total  16,921.  All  of  this  material  has  been 
examined  and  cataloged  and  is  ready  for  the  use  of  readers. 

The  largest  single  gift  received  during  the  year,  comprising  about 
800  pieces,  was  a  library  of  electrical  literature  presented  jointly  by 
the  Westinghouse  Electric  &  Manufacturing  Co.  and  the  General  Electric 
Co.,  which  the  United  Engineering  Society  has  agreed  to  keep  intact  for 
j5ve  years. 

It  is  proposed  to  recatalog  all  the  books  in  the  library  as  soon  as 
practicable. 

By  the  will  of  Dr.  James  Douglas,  the  Institute  was  the  legatee  of 
$100,000  for  the  maintenance  of  the  Library.  Arrangements  have  been 
made  to  turn  this  money  into  the  treasury  of  the  United  Engineering 
Society  for  the  use  of  the  General  Library. 

The  attendance  in  the  Library  showed  a  total  for  the  year  of  15,063, 
which  is  more  than  1000  over  any  previous  record. 

Engineering  Index. — Among  the  many  plans  for  increasing  the  useful- 
ness of  the  Library,  it  has  been  proposed  to  publish'an  index  of  mining 
and  metallurgical  Uterature,  which  was  started  in  the  September,  1918, 
Bulletin  of  the  Institute. 

Sale  of  Pvhlicaiions, — The  return  from  the  sale  of  volumes  during  the 
year  amounted  to  $4673.75;  special  editions,  $794.02;  and  BuUetins 
and  pamphlets,  $3060.90.  Volumes  XXXI,  LI,  and  LII  have  all  been 
sold  and  very  few  copies  are  in  stock  of  Volumes  IX,  XIV,  XVII,  and 
LII.     The  special  edition  of  the  Posepny  volumes  has  also  been  exhauked. 
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MEETING  OF  THE  BOARD  OF  DIRECTORS,  DEC.  20,  1918 

The  President  was  authorized  to  appoint  a  liaison  committee  to 
cooperate  with  the  American  Mining  Congress  in  respect  to  the  estab- 
lishment of  a  Secretary  of  Mines  and  Mining  in  the  President's  Cabinet. 
He  appointed  Edwin  Ludlow,  Chairman;  MarkL.  Requa,  and  J.  E.  John- 
son, Jr. 

It  was  resolved  to  accept  the  invitation  from  the  Chicago  Section 
to  hold  the  120th  meeting  of  the  Institute  in  Chicago  during  the  week  of 
Sept.  15,  1919. 

The  action  of  the  Executive  Committee  in  appointing  Past  President 
E.  Gybbon  Spilsbury  as  representative  of  this  Institute  to  visit  France 
upon  the  invitation  of  the  8oci^t4  des  Ing^nieurs  Civils  de  France  was 
improved. 

The  final  budget  for  1918  was  approved. 

The  President  was  authorized  to  appoint  a  committee,  of  three  mem- 
bers, on  the  Development  of  Activities  of  the  Institute.  The  committee 
was  requested  to  report  at  the  February  meeting  of  the  Institute,  and  the 
Secretary  was  requested  to  invite  each  local  section  to  have  a  member 
present  to  discuss  the  subject.  The  President  appointed  J.  W.  Richards, 
Chairman;  P.  N.  Moore,  and^  Allen  H.  Rogers. 

Thirty-six  members,  ten  associates,  and  five  junior  associates  were 
elected;  one  change  of  status  from  associate  to  member  was  granted;  two 
members  were  reinstated;  and  eight  resignations  were  accepted.  An 
extension  of  time  was  granted  to  nine  members.  The  dues  of  eight 
members  were  suspended  on  account  of  their  being  in  active  service. 

The  report  of  the  United  Engineering  Society's  Trustees  was  pre- 
sented in  writing  and  was  accepted  and  ordered  filed. 

The  Finance  Committee  was  appointed  as  the  Auditing  Committee. 

The  sum  of  $50  was  appropriated  for  the  Annual  Table  of  Physical 
and  Chemical  Constants. 

Charl^  H.  MacDowell  was  appointed  to  succeed  himself  as  repre- 
sentative of  this  Institute  on  the  Washington  Award  Commission. 

An  exchange  of  Transactions  was  authorized  with  the  British  Insti- 
tute of  Metals  whereby  the  price  of  our  Transactions  bound  in  half 
morocco  is  reduced  to  $5  per  volume  to  any  member  of  that  Institute  in 
consideration  of  their  makmg  the  price  of  $5  per  volume  for  their  Trans- 
actions to  any  member  of  our  Institute. 

The  Secretary  was  authorized  to  publish  the  Year  Book  after  the 
Annual  Meeting  and  not  later  than  May. 


LOCAL  SECTION  NEWS 

BOSTON  SECTION 

Alprsd  C.  Lans,  Chairman,  Georqs  A.  Packard,  Vicer^hairman, 

H.  M.  BoTLSTON,  Secretary-Trectsurer, 
R.  L.  Agassiz,  Fred  W.  Denton. 

The  forty-ninth  meeting  of  the  Boston  Section  was  held  at  the  Boston 
City  Club  on  Monday  evening,  Dec.  23,  1918.  The  meeting  was  pre- 
ceded by  an  informal  dinner  at  which  29  members  and  guests  were 
present;  three  or  four  others  came  in  later.  The  reading  of  the  minutes 
<rf  the  previous  meeting  was  dispensed  with  by  consent. 
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Chairman  A.  C.  Lane  introduced  the  speaker  of  the  meeting,  Mr.  E. 
P.  Mathewson,  of  New  York,  who  gave  some  of  his  experiences  in  the 
fieW  of  copper  metallurg}'^,  including  many  amusing  anecdotes.  He  told 
of  his  early  work  as  an  assayer  and  the  difficulties  he  encountered  in 
Pueblo,  Mexico,  and  Chile.  When  describing  the  gradual  increase  in 
size  of  the  reverberatory  and  copper  blast  furnace  he  said  that  in  the  early 
days  the  manager  and  the  mason  would  reach  the  spot  where  a  furnace 
was  to  be  built,  the  manager  would  carelessly  throw  a  brick  about  20  ft., 
and  tell  the  mason  to  "  build  her  up  to  about  there."  He  then  spoke  of 
the  introduction  of  oil  and  powdered  coal  as  fuels,  and  of  the  recent 
developments  of  the  latter  fuel  in  connection  with  blast  furnaces,  and 
dwelt  at  some  length  on  the  fume  abatement  problems,  the  wonderful 
results  obtained  from  the  Cottrell  electric  precipitation  process,  and  on 
the  recovery  of  the  rarer  elements  in  the  ores,  such  as  bismuth,  arsenic, 
selenium,  tellurium,  thallium,  and  cadmium.  Questions  were  asked  and 
discussion  entered  into  by  Messrs.  F.  C.  Newlon,  C.  W.  VanLaw,  R.  M. 
Draper,  L.  M.  Kniffin,  A.  G.  Lane,  and  others.  Mr.  John  H.  Allen,  a  ' 
member  of  the  Institute,  Mr.  Mathewson's  first  employer,  and  other 
early  associates  in  the  industry  were  present. 

A.  M.  BoYLSTON,  Secretary. 

SAN  FRANCISCO  SECTION 

Roy  H.  Elliott,  Chairman j  T.  A.  Rickarb,  Vice-chairman^ 

W.  H.  Shockley,  Secretary-Treasurer^  959  Waverley  Street,  Palo  Alto,  Cal. 

D.    M.  RiORDAN,  C.    F.    TOLMAN,  Jb. 

The  meeting  of  December  10,  1918,  was  held  at  the  Engineers'  Club; 
33  persons  were  present  at  the  dinner  and  50  at  the  meeting.  Chairman 
Elliott  gave  an  account  of  the  work  of  the  Joint  Council  of  the  Engineer- 
ing Societies  of  San  Francisco  and  spoke  specially  of  the  licensing  bill  for 
engineers  that  is  to  be  presented  to  the  California  legislatiu'e  in  1919. 
Charles  Butters  told  of  the  benefits  of  the  licensing  system  for  engineers 
as  seen  by  him  in  South  Africa  and  in  London.  A  motion  was  carried 
that  the  present  committee  continue  to  act  with  the  Joint  Council  for 
the  coming  year. 

The  event  of  the  evening  was  the  exhibition  of  the  moving  pictures  of 
the  Ajo  and  Inspiration  properties  in  Arizona;  we  owed  these  to  the  liber- 
ality of  Dr.  L.  D.  Ricketts,  who  had  them  taken  and  explained  some 
of  the  features  that  were  not  fully  covered  by  the  legends  on  the  films. 
Mining  and  metallurgical  operations  were  shown  in  great  detail  as 
wel*  as  welfare  work  and  the  extensiv  war  gardens — these  hav  a 
national  reputation  and  are  mentioned  with  commendation  in  "Food  and 
the  War,"  a  book  publisht  by  the  U.  S.  Food  Administration.  The  pic- 
tures are  of  great  interest  to  any  intelligent  spectator  and  are  of  superla- 
tive value  to  the  engineering  student.  We  learn  that  they  are  soon  to 
be  shown  in  Stanford  and  it  is  hoped  that  arrangements  may  be  made  by 
which  engineering  students  in  all  parts  of  the  country  may  see  them. 

The  Ajo  pictures  showed  the  workings  (by  leaching)  of  a  50,000,000- 
ton  deposit  of  1.5  per  cent,  copper  ore.  The  novel  monster  that  digs  out 
the  leached  ore  reminds  one  of  the  fearsome  dragons  of  fairyland.  The 
arrangement  of  the  5000-ton  plant  is  the  result  of  the  intensiv  study  of 

*  Reformed  spelling  retained  by  special  request  of  Secretary  of  San  Francisco 
Section. 
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many  able  engineers  over  a  long  period.  First  a  1-ton  plant  was  built, 
then  a  40-ton  plant  was  run  for  14  mo.  But  even  after  this  experience, 
the  jump  to  a  5000-ton  works  was  considered  something  of  a  leap  in  the 
dark  and  great  relief  was  felt  when  it  workt  according  to  theory. 

Even  more  interesting  than  the  Ajo  pictures  were  those  of  the  18,000- 
ton  Inspiration  works  (these  are  said  to  have  cost  $14,000,000  before  any 
copper  was  produced).  The  views  of  underground  mining  are  said  to  be 
the  best  ever  taken.  Curiously  enuf,  the  system  of  running  drifts 
under  the  ore,  thus  cutting  out  the  ground  until  the  70-ft.  thick  orebody 
caves,  is  practically  the  same  as  that  used  by  the  Chinese  coal  miners 
for  hundreds  of  years  in  Shansi.  But  there  is  a  difference  in  the  size 
of  the  operations,  for  the  Chinese  blocks  are  but  50  ft.  square,  while  at 
the  Inspiration  the  cave  covers  10  acres.  The  tipples,  dumping  five  5- 
ton  cars  at  once  and  the  automatic  hoists  raising  18,000  tons  daily  from 
two  shafts  (in  an  emergency  one  shaft  hoisted  28,000  tons  daily  for  10 
days)  were  among  the  most  interesting  of  the  views. 

W.  H.  Shockley,  Secretary-Treasurer. 

COLUMBIA  SECTION 

J.  C.  Haas,  Chairman  W.  J.  Hall,  Vice-chairman^ 

Lyndon  K.  Armstrong,  Secretary-Treasurerf  720  Peyton  Bldg.,  Spokane,  Wash. 
W.  H.  LiNNBY  tf.  F.  McCarthy 

The  eighth  annual  meeting  of  Columbia  Section  was  held  in  Spokane, 
Wash.,  Dec.  23, 1918.  About  25  members  and  one  guest  were  present,  the 
small  attendance  being  due  to  the  continued  poor  health  conditions. 

Letters  and  telegrams  were  read  from  Chairman,  S.  S.  Fowler,  S.  A. 
Easton,  J.  C.  Heilman,  C.  G.  Grant,  Rush  J.  White,  H.  R.  vanWagenan, 
Preston  Locke,  C.  A.  Wright,  J.  W.  Gwinn,  E.  Hogberg.  A  letter  from 
Mrs.  F.  H.  Bird  of  Seattle,  announcing  the  disappearance  of  her  husband 
and  expressing  fear  of  his  physical  well  being  was  also  read.  Mrs.  Bird 
said  that  she  has  been  unable  to  get  any  word  from  or  of  her  husband 
since  early  in  September  last,  when  he  had  just  left  the  employ  of  Han- 
over-Bessemer Iron  &  Copper  Co.,  Fierro,  N.  Mex.,  being  last  seen  in 
Silver  City,  N.  Mex.,  shortly  thereafter.  Mr.  Bird  is  a  construction 
engineer  usually  employed  in  mill  or  smelter  work,  is  about  50  years  of 
age,  nearly  5  ft.  8  in.  tall,  of  medium  build,  blue  eyes,  hair  turning  some- 
what gray,  and  slightly  bald. 

Vice-chairman,  J.  C.  Haas,  made  a  brief  oral  report  relative  to  the 
work  under  the  double  health  and  war  handicap.  Then  the  report  of 
the  Secretary-Treasurer  was  given. 

The  members  named  above  were  then  elected  officers  for  the  ensuing 
year.  Upon  taking  the  chair,  Mr.  Haas  felicitated  the  members  upon  the 
showing  of  the  past  year,  notwithstanding  the  abnormal  conditions,  and 
assured  those  present  of  his  determination  to  assist  in  making  the  coming 
year  the  best  in  the  history  of  Columbia  Section. 

Mr.  0.  Lachmund,  formerly  general  manager  of  B.  C.  Copper  Co., 
and  its  successor  Canada  Copper  Corpn.,  read  a  paper  upon  the  subject 
of  Tunnel  Driving  at  Copper  Mountain,  B.  C,  after  which  Prof.  C.  G. 
Warfel,  Asst.  Prof.  Mining  at  State  College  of  Washington,  gave  an 
oral  report  upon  some  electrical  smelting  experiments  in  which  he  had 
been  engaged.  This  consisted  in  reducing  and  refining  iron  and  tung- 
sten and  the  alloying  of  these  metals.     He  extended  his  interesting  report 
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to  cover  work  which  he  has  in  contemplation,  but  this  work  being  in 
the  interest  of  certain  definite  engagements  it  would  not  be  wise  or  fair 
to  give  it  pubUcity  at  this  time.  It  was  promised,  however,  that  a  report 
would  be  made  later  through  the  Columbia  Section. 

Prof.  F.  A.  Thomson,  Dean  School  of  Mines,  University  of  Idaho, 
led  in  a  discussion  on  post-bellum  problems,  touching  upon  such  topics 
and  subjects  of  direct  interest  to  the  mining  engineer.  Among  these  were 
underground  industrial  improvements,  mmimizing  costs,  air  service  to 
mining,  metallurgy,  economics,  the  gold  problem,  markets,  labor,  and 
wages.  Discussion  of  the  above  was  quite  general,  Messrs.  Ross,  Drum- 
heller,  Thomson,  Linney,  Marsh,  Eby,  Greenough,  Warfel,  Lachmund, 
Howard,  Porter,  Norman,  the  Chairman,  the  Secretary,  and  others  engag- 
ing therein. 

Sidney  Norman  told  of  the  work  L.  W.  Hutton  is  doing  in  the  interest 
of  orphans  and  Prof.  Thomson  reviewed  the  contribution  for  scholar- 
ships which  Mr.  Jerome  J.  Day  has  made  to  encourage  the  young  men 
of  Idaho  to  matriculate  at  the  School  of  Mines,  University  of  Idaho. 
A  committee  was  appointed  by  the  chairman  to  draft  suitable  resolutions 
upon  the  work  Messrs.  Hutton  and  Day  are  doing,  copies  to  be  sent  to 
each  and  additional  copies  to  be  placed  on  permanent  record  in  Columbia 
Section  and  other  copies  to  be  sent  to  the  Institute  headquarters  in  New 
York  City.  The  Members  of  the  committee  are  Sidney  Norman,  Prof. 
F.  A.  Thomson,  and  the  Secretary. 

Prof.  L.  0.  Howard,  Dean  School  of  Mines,  State  College  of  Washing- 
ton, very  briefly  reviewed  some  research  work  in  the  metallurgy  of  magne- 
sium and  stated  that  he  hoped  to  be  able  to  report  some  interesting  results 
at  some  future  time. 

L.  K.  Armstrong,  Secretary. 


The  Hutton  Settl^^ent* 

The  new  Hutton  Orphan  Settlement,  in  the  Spokane  valley,  10  miles 
east  of  the  city,  is  the  most  beautifully  conceived  and  most  generously 
executed  charity  in  the  entire  history  of  the  Northwest  and  will  rank  with 
any  of  the  kind  in  the  world.  Many  years  ago  Mr.  L.  W.  Hutton,  who 
is  well  known  to  you  as  an  owner  in  the  great  Hercules  mine,  began  to 
take  an  interest  in  the  orphans  of  this  section  and  it  was  through  his 
generosity  that  the  Spokane  Children's  Home,  at  Euclid  and  Hemlock 
streets,  was  cleared  of  a  troublesome  mortgage  that  had  limited  its  capa- 
city for  good. 

Some  idea  of  the  princely  nature  of  Mr.  Hutton's  gift  may  be  gathered 
from  the  fact  that  the  investment  per  child  will  be  greater  than  in 
any  similar  institution  in  the  United  States,  and  doubtless,  therefore, 
in  the  world.  Every  modern  improvement  and  comfort  suggested 
by  the  best  architectural  skill  and  sanitary  science  has  been  incorporated 
in  the  magnificent  pile  of  buildings.  Everything  is  of  absolute  fireproof 
construction.  There  will  be  no  nightmares  of  disaster  to  disturb  a 
beautiful  dream  come  true. 

^~'~-  ■■■—  ■!■■  ,m       ^       ,  m  ■■■■■  ...  ■■  11^  ■■!■■■■!  1^^—— ^^^^^»^^^.»^^—i ^^i— ^^^      Mil  ^ 

*Ab8tract  of  an  address  by  Sidney  Norman  at  the  Annual  Meeting  of  Columbia 
Section,  Dec.  23,  1918. 


American  Inbtitxtte  op  Mining  Engineers  xvii 

Mr.  Hutton  has  insisted  upon  removal  of  all  suggestions  of  charity  as 
far  as  humanly  possible.  The  foundation,  or  settlement  as  he  prefers 
to  call  it,  is  not  even  finally  named  and  there  are  no  commemorative 
tablets  to  remind  the  children  of  the  debt  they  will  owe  for  all  time. 
In  an  effort  to  make  the  project  at  least  partially  self-supporting,  the 
200-acre  tract  has  been  put  under  cultivation  in  expert  hands  and  already 
generous  yield  is  forthcoming.  It  is  hoped  that  in  years  to  come  the 
return  from  a  model  farm  w2l  bring  in  handsome  revenue,  besides  pro- 
viding the  home  with  all  necessary  fruit,  vegetables,  and  wheat.  Irriga- 
tion laterals,  motor  trucks,  tractors,  threshing  machine  and  all  the  most 
modern  small  machinery  have  already  been  supplied  and  it  is  not  improb- 
able that  with  all  the  initial  expense  met,  the  project  will  become  self- 
supporting. 

The  main  group  of  buildings  consists  of  the  administration  building 
and  four  cottage  homes,  buUt  around  an  irregular  quadrangle  which  will 
be  the  playground  for  the  children.  A  little  farther  to  the  north  a 
modem  and  commodious  laundry  and  storehouse  is  to  be  built,  while 
the  space  in  front,  between  the  main  group  and  the  Spokane  river,  will 
be  dotted  with  modern  barn  and  other  farm  houses.  Each  building  is 
heated  from  an  individual  hot  water  plant,  all  being  connected  to  a  mile- 
long  sewer  of  8-in.  clay  pipe  leading  to  the  river.  Electricity  for  power 
and  lighting  purposes  wDl  be  supplied  by  the  Washington  Water  Power 
Co.  Water  supply  will  be  derived  from  a  125-ft.  well,  brick-lined  and 
reinforced  with  concrete,  from  which  a  motor-driven  pump,  set  in  a  cham- 
ber near  the  bottom,  will  force  the  supply  to  a  concrete  reservoir  on  an 
eminence  behind  the  main  group  of  buildings,  thus  insuring  ample  head 
for  all  domestic  and  fire  purposes.  The  farm  lands  have  already  been 
supplied  with  laterals  from  the  main  irrigation  system  of  the  Spokane 
vaDey. 

While  I  have  no  reliable  information  as  to  cost  of  the  Hutton  settle- 
ment, I  am  quite  sure  it  will  run  over  $250,000  and  should  not  be  sur- 
prised if  it  went  to  $500,000.  The  upkeep  will  amount  to  an  annual 
income  of  impressive  proportions  and  it  is  possible  that  a  heavy  endow- 
ment will  be  necessary  to  keep  it  running.  To  my  mind,  however,  the 
expense  is  a  secondary  matter,  even  to  Mr.  Hutton.  The  great  outstand- 
ing fact  is  this:  that  a  member  of  this  Section  and  one  who  has  met 
with  fortune  is  among  the  few  men  big  enough  and  fortunate  enough  to 
turn  his  wealth  into  the  channel  of  true  happiness. 


AFFILIATED  STUDENT  SOCIETIES 

ASSOCUTBD  MINERS,  UNIVERSITY  OF  IDAHO 

The  following  officers  of  the  Associated  Miners  of  the  University  of 
Idaho  have  been  elected  for  the  academic  year  for  1918-1919:  Presi- 
dent, Lloyd  A.  McDougal;  vice-president,  Russel  D.  Bowers;  secretary- 
treasurer,  Charles  M.  Otter.  While  the  society  has  been  somewhat 
quiescent  during  the  existence  of  the  S.  A.  T.  C,  we  are  now  looking 
forward  to  an  active  session  with  the  resumption  of  normal  university 
life. 

Charles  M.  Otter,  Sec'y-Treas. 
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WOMAN'S  AUXILIARY 

FOREIGN  WAR  RELIEF  COMMITTEE 

Chairman,  Mrs.  Jesse  Scobey 

The  task  of  the  committee  since  Oct.  17,  1918,  has  been  to  stimulate 
and  foster  interest  in  the  work  of  the  Dispensary  in  France,  to  aid  and 
further  the  work,  and  to  that  end  has  centered  on  the  inauguration  of 
an  "  Engineers'  "  day,  once  a  week,  at  the  headquarters  of  the  American 
Fund  for  French  Wounded,  where  members  of  the  Auxiliary  might  join 
in  sewing  for  this  ''Dispensary  of  the  New  York  Section  of  the  Woman's 
Auxiliary  to  the  A.  I.  M.  E.,"  recently  established  at  Briey,  France. 

Letters  and  pledge  forms  asking  for  workers  were  sent  to  aU  members 
of  the  Auxiliary  in  New  York  City  and  vicinity,  and  a  most  gratifying 
response  has  assured  the  success  of  the  undertaking.  The  meetings  in 
December,  pending  the  completion  of  better  working  facilities  at  Fund 
headquarters,  were  held  at  the  home  of  Miss  Madeline  P.  Stone,  to  whom 
the  committee  extends  its  grateful  thanks  for  her  hospitality. 

A  large,  well-equipped  room  at  Fund  headquarters  has  now  been 
assigned  to  the  committee  for  Tuesday  of  each  week,  from  10  a.  m.  to 
5  p.  m.,  with  Mrs.  Percy  E.  Barbour  of  the  committee  as  director  of 
work  room.  All  members  of  the  Auxiliary  and  others  whose  interests 
are  with  the  mining  profession  will  be  welcome  on  "Engineers'"  day — 
Tuesdays — at  73  Park  Ave. 

The  finances  of  the  committee  are  in  excellent  condition.  The  general 
working  fund  has  a  balance  on  hand  of  $203.64,  while  $1689.21  remain 
in  the  treasury  to  the  credit  of  the  Dispensary  fund.  This  sum  will 
shortly  be  turned  over  to  the  American  Fund  for  French  Wounded  to 
be  used  in  broadening  the  work  of  the  Dispensary  at  Briey,  or  to  begin 
new  work,  according  to  advices  expected  from  France  in  the  next  few 
weeks. 

DIED  IN  SERVICE 

Bailey,  Lewis  Newton,  Master  Engineer,  Senior  Grade,  4th  Regiment, 
U.  S.  Engineers,  Headquarters  Company,  died  of  pneumonia  at  Camp 
Merritt,  N.  J.,  on  Apr.  30,  1918. 

Baird,  Louis,  Lieut.,  Royal  Field  Artillery,  British  Army,  died  on  the 
battlefield  in  1915. 

Ballamy,  John  H.,  Capt.,  103d  Engineers,  killed  in  action  near  Fismes, 
Aug.  9,  1918. 

Bowles,  Martin  F.,  2d  Lieut.,  Co.  B,  355th  Infantry,  killed  in  action, 
Sept.  3,  1918. 

Burt,  Andrew,  died  in  active  service,  1916. 

Cobeldick,  William  Morley,  Royal  Engineers,  died  from  gas  poisoning 
on  Oct.  7,  1915. 

DougaU,  Ralph,  4th  University  Co.,  Princess  Patricia  Regiment, 
killed  in  action  early  in  the  war. 

Evans,  Alfred  Winter,  Lieut.-Col.,  New  Zealand  Rifle  Brigade,  D. 
S.  O.,  D.  C.  M.,  killed  in  action  on  Oct.  12,  1917. 

Gordy,  Sheppard  B.,  died  in  service,  Oct.  9,  1918. 

Gorman,  Thomas  C,  Lieut.,  Canadian  Engineers,  killed  in  France, 
Mar.  18,  1918. 
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Hague,  William,  Ist  Lieut.,  Engineer  Officers'  Reserve  Corps,  died  in 
active  service,  Jan.  1,  1918. 

Hall,  William  T.,  Capt.,  Royal  Flying  Corps,  killed  in  action,  May 
19,  1917. 

Harbach,  Herbert  Moore,  died  of  pneumonia,  Dec.  6,  1918,  at  Camp 
Meade,  Md. 

Heine,  Bernhardt  E.,  Lieut.,  Aviation  Service,  died  from  accident  at 
Fort  Sill,  Okla.,  Aug.  10,  1918. 

Irving,  John  Duer,  Capt.,  11th  Engineers,  A.  E.  F.,  died  July  26, 
1918,  while  on  active  service  in   France. 

Ohnsorg,  Norman  Lloyd,  died  of  pneumonia,  Oct.  11,  1918. 

Perry,  Edward  H.,  Ist  Lieut.,  Co.  D,  6th  Regiment  Engineers,  U.  S. 
Expeditionary   Forces,   France,   killed  in  action  on   March   30,    1918. 

Pretyman,  Frank  Remington,  2d  Lieut.,  Royal  Engineers,  killed  in 
action  on  June  17,  1916. 

Reece,  Fred.  B.,  Capt.,  Royal  Ei^neers,  B.  E.  F.,  232d  Army  TroopB 
Co.,  killed  in  action. 

Ringluad,  Soren,  Medical  Department,  Fort  Logan,  Colo.,  died  sud- 
denly in  camp  on  July  24,  1918. 

Roper,  George,  Jr.,  Lieut.,  Royal  Flying  Corps,  killed  in  aeroplane 
accident  in  England  on  May  25,  1918. 

Smyth,  Raymond  Weir,  died  of  influenza  at  the  Navy  Yard  Hospital, 
League  Island,  Philadelphia,  Sept.  27,  1918. 


IN  MEMORIAM  fl  1 

SERGEANT  HERBERT  HOORE  HARBACH 

Herbert  Moore  Harbach  waa  bom 
in  Lebanon,  Pa.,  Apr.  4,  1891,  grad- 
uated from  the  Lebanon  High  School 
in  1911,  and  entered  State  College, 
from  which  he  received  his  degree  of 
bachelor  of  Science  in  Metallurgical 
Engineering  in  1915.  He  was  era- 
ployed  by  the  Lackawanna  Iron  Co., 
at  Buffalo,  N.  Y.,  and  was  later  trans- 
ferred to  their  Lebanon  plant  to  start 
up  the  newly  erected  benzol  plant. 
He  was  later  made  foreman  of  the 
coke  ovens,  which  position  he  held 
after  it  was  bought  by  the  Bethlehem 
Steel  Co.,  and  untU  he  enlisted  in  the 
service  of  his  country  in  September, 
1917.  He  was  stationed  at  Camp 
Meade,  Md.,  until  the  spring  of  1918, 
when  he  was  transferred  to  the  C.  W. 
S.,  at  Niagara  Falls,  as  an  expert 
chemist.  There  he  was  engaged  in 
perfecting  the  various  kinds  of  gases,    Sbrobant  Hebbert  Moobe  Habbach. 
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and  while  thus  employed  was  gassed  several  times,  which  so  affected  his 
heart  and  lungs  that  he  was  unable  to  withstand  an  attack  of  the  influ- 
enza which  developed  into  pneumonia,  from  which  he  died  at  the  end 
of  24  hours. 

He  was  a  member  of  St.  Luke's  Episcopal  Church,  Lebanon,  and 
belonged  to  the  Ancient  Accepted  Scottish  Rite  of  Freemasonry,  Lebanon 
Lodge  121,  I.  0.  O.  F.  and  Camp  65,  P.  O.  S.  of  A. 

LIEnTGRAnT  NORHAIf  LL07D  OHHSORO 

First  Lieutenant  Norman  Lloyd  Ohnsorg  died  in  Nashville,  Tenn., 
on   Oct.    U,   1918.     He   was  born   in  St.  Louis,   Mo.,  Jan   10,   1889, 
and  lived  in  that  city  until  he  was  11  years  of  age  when  his  parents 
removed  to  Iron  Mountain,  Mo.,  where  he  spent  the  next  6  years.     On 
Jan.  10,  1906,  he  entered  the  Missouri  School  of  Mines  and  Metallui^y 
at  RoUa,  Mo.,  and  graduated  from  that  institution  in  1910,  receiving 
both    the    Bachelor    of   Science  in 
Mining    Engineering    and  the   £n< 
gineer.of  Mines  degrees.     In  1912, 
he  received  the  degree  of  Bachelor 
of   Science    in   Metallurgy,  and   in 
1916,    the   degree  of  Metallurgical 
Engineer.     After  leaving  college  he 
was    connected    with  the  following 
companies :      Noble    Electric    Steel 
Works,   Heroult,  Shasta  Co.,   Cal.; 
Mammoth     Copper     Minmg     Co., 
Kennctt,  Cal.;  St.  Joseph  Lead  Co., 
Herculaneum,  Mo.;  Granby  Smelt- 
,  ing  &  Mining  Co.,  Neodesha,  Kans.; 
The  Phosphate  Mining  Co.,  Nichols, 
Fla.     While  with  the  last  company, 
he  volunteered,  in  April,  1917,  for 
LiECT.  Norman  Lloyd  Ounsobq.        service  in  the  engineering  corps   of 
the   U.   S.   Army.       He   passed    an 
excellent  examination,  was  accepted  and  called  to  Washington  and  placed 
in  Division  T.  of  the  Ordnance  Department  where  he  was  engaged  in 
research  work  pertaining  to  nitrogen.     He  was  then  ordered  to  Sheffield, 
Ala.,  where  he  was  second  in  command  of  the  construction  of  the  Govern- 
ment nitrogen  plants  at  Muscle  Shoals.     After  the  completion  of  the 
plants,  he  was  ordered  to  Buffalo,  N.  Y.,  on  Sept.  28, 1918,  to  inspect  and 
report  on  a  government  plant.     After  completing  this  work,  he  was 
called  back  to  Sheffield.     He  left  Buffalo  on  Oct.  6,  but  delayed  trains 
caused  him  to  miss  connections  in  Cincinnati  where  he  had  to  wait  12 
hours.     He  had  not  been  feeling  well  for  several  days  before  leaving 
Buffalo;  influenza  developed,  and  when  his  train  reached  Nashville,  Tenn., 
he  was  too  ill  to  continue  his  journey  and  was  taken  to  the  Kissara  Hall 
Hospital,  Vanderbilt  University,  where  he  died  of  pneumonia. 

He  was  a  young  man  of  unusual  ability  and  high  moral  character, 
always  bright,  happy  and  kind,  faithful  and  honorable  in  all  things; 
loved  by  both  his  associates  and  those  under  his  authority.  His  life 
and  character  cannot  be  better  described  than  by  the  following  quotation 
from  one  of  his  superior  officers:     "Lieutenant  Ohnsorg  was  a  man  loved 
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by  all  of  us,  always  cheerful,  just  and  kind,  with  unusual  executive  ability. 
We  can  never  expect  to  find  a  man  who  has  his  ability  and  fine  tempera- 
ment and  his  position  can  never  be  filled  as  he  filled  it." 

He  was  happily  married  and  leaves  to  mourn  his  loss  a  wife,  Constance 
E.  (Rogers)  Ohnsorg  and  a  baby  girl  born  since  his  death,  Nov.  29, 1918, 
a  father,  W.  H.  Ohnsorg,  mother,  Ida  May  Ohnsorg,  and  a  sister,  Mrs. 
Stuart  Strathy  McNair. 

He  was  a  member  of  the  American  Institute  of  Mining  Engineers 
and  of  the  Florida  Phosphate  Miners'  Association. 


HARVARD  SCHOOL  OF  ENGINEERING 

On  Jan.  1,  Harvard  opened  its  reorganized  School  of  Engineering 
and  will  continue  the  work  during  the  summer  to  enable  the  entrants 
to  complete  a  full  year's  work  by  the  opening  of  the  next  academic 
year  in  September.  Some  time  ago  Harvard  University  and  the  Mas- 
sachusetts Institute  of  Technology  agreed  to  combine  effort  in  engineer- 
ing instruction,  making  use  of  funds  provided  under  the  will  of  the  late 
Gordon  McKay.  The  agreement  was  objected  to  and  the  Massachusetts 
Supreme  Court  held  that  the  arrangement  was  not  in  accord  with  the 
provisions  of  the  will.  The  new  arrangement  has  been  approved  both 
by  the  trustees  of  the  McKay  estate  and  by  the  governing  boards  of  the 
university.  Instruction  will  be  offered  in  the  following  subjects;  me- 
chanical engineering,  civil  engineering,  sanitary  engineering,  electrical 
engineering,  mining  and  metallurgy,  and  industrial  chemistry.  Henry 
Lloyd  Smyth  has  been  appointed  professor  of  mining  and  metallurgy, 
Albert  Sauveur,  professor  of  metallurgy  and  metallography,  and  Louis 
C.  Graton,  professor  of  economic  geology. 


NATIONAL  WORKING  CONDITIONS 

Anticipating  the  increasing  importance  of  establishing  working  con- 
ditions on  a  scientific  basis,  the  Department  of  Labor  created  the  Work- 
ing Conditions  Service.  This  service  is  distinct  from  that  performed  by 
the  Mediation  and  ConcDiation  branch,  which  deals  with  working  con- 
ditions and  industrial  relations  as  controversial  issues  between  employers 
and  employees.  The  work  of  the  Service  is  conducted  through  three 
coordinated  divisions;  Division  of  Industrial  Hygiene  and  Medicine, 
Division  of  Labor  Administration,  and  Division  of  Safety  Engineering. 

The  Division  of  Industrial  Hygiene  and  Medicine  will  develop  stand- 
ards of  sanitation  and  medical  practice  in  industries.  The  personnel 
of  this  Division  is  detailed  from  the  United  States  Public  Health  Service. 

The  Division  of  Labor  Administration  will  advise  employers  as  to 
emplojrment  systems  and  labor  management  policies,  and  assist  in  putting 
into  operation  standard  policies. 

The  Division  of  Safety  Engineering  will  develop  standards  and  prac- 
tices for  accident  prevention,  and  advise  employers  as  to  safety  methods 
best  adapted  to  their  plants. 

The  demand  upon  the  newly  established  Working  Conditions  Service 
for  industrial  physicians  and  surgeons  has  grown  so  rapidly  that  there 
has  been  established  a  biu^eau  of  registry  of  physicians  specially  skilled  in 
this  growing  phase  of  medical  and   surgical  specialization. 
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EMPLOYMENT  SERVICE  FOR  DISCHARGED  OFFICERS  AND 

MILITARY  MEN 

A  professional  and  special  section  of  the  United  States  Emplo3mfient 
Service,  Department  of  Labor,  has  been  created  for  the  purpose  of  aiding 
officers  and  men  who  have  been  discharged  from  military  service,  but  who, 
for  various  reasons,  cannot  resume  their  former  positions,  to  place 
themselves  in  industry  without  loss  of  time.  Its  work  is  carried  out  in 
conjunction  with  the  Engineering  Societies  Employment  Bureau.  The 
machinery  of  this  new  professional  section  is  being  set  up  as  rapidly  as 
possible,  and  an  office  is  already  in  operation  at  16  East  42d  St.,  New 
York.  The  work  in  the  New  York  State  district  is  under  the  direction 
of  Mr.  Henry  Bruere,  formerly  City  Chamberlain  of  New  York  City. 
Dr.  Thomas  T.  Read,  Chairman  of  the  A.  I.  M.  E.  Committee  on 
Industrial  Organization,  has  charge  of  the  clearance  between  the  State 
offices  of  the  Eastern  States.  This  service  is  designed  for  the  purpose 
of  placing  not  only  men  in  the  engineering  professions,  but  for  all  other 
kinds  of  professional  and  highly  trained,  skilled  men.  Full  details  re- 
garding the  quaUfications  desired  in  a  man  should  be  given,  so  that  em- 
ployers may  be  put  in  touch  only  with  such  available  men  as  will  fully 
qualify  for  the  positions. 


COOPERATION  OF  AMERICAN,  BRITISH,  AND  FRENCH 

SCHOOLS 

Last  November,  when  the  British  Educational  Mission  was  visiting 
this  country,  letters  were  sent  to  the  various  mining  schools  asking 
what  arrangements  had  been  made  for  cooperating  with  British  and 
French  schools.  Of  the  eleven  schools  from  which  replies  were  received, 
none  had  taken  any  definite  steps  in  this  direction.  The  Colorado  School 
of  Mines,  though,  stated  that  it  was  offering  scholarships  to  all  men  who 
had  served  in  the  U.  S.  Army  and  Navy  during  the  war.  A  letter  was 
also  sent  to  Sir  Henry  Miers,  Vice-chancellor  of  the  University  of  Man- 
chester, who  was  the  head  of  the  British  Mission.     He  replied  as  follows: 

**In  my  opinion  the  mining  profession  is  second  to  none  in  the  respon- 
sibiUty  of  the  duties  which  it  involves  or  to  which  it  leads  in  all  parts 
of  the  world ;  also  it  is  a  profession  in  which  the  student  or  teacher  has 
much  to  gain  by  migrating  to  foreign  countries.  This  applies  in  a 
special  degree  to  British  students  coming  to  America  where  they  will 
be  able  to  enlarge  their  views  by  a  widened  experience.  We  (the 
Mission)  have  everywhere  found  the  most  cordial  acceptance  of  such 
proposals.  Several  of  the  British  Universities  have  recently  instituted 
a  new  doctorate  of  philosophy  attainable  after  2  or  3  years  course  of 
advanced  study;  this  scheme  includes  Oxford  and  Manchester.  The 
conditions  admitting  to  the  degree  course  are  that  the  applicant  should 
be  a  graduate  of  an  approved  University  and  should  show  evidence  that 
he  is  quahfied  to  pursue  the  course  which  he  proposes." 

In  a  conversation  with  Prof.  Alfred  C.  Lane,  of  Tufts  College,  Sir 
Henry  Miers  said  that  students  from  Great  Britain  should  be  most  easily 
attracted  to  America,  both  to  universities  and  colleges  and  technological 
institutions.  He  doubts,  however,  whether  Great  Britain  can  ofifer 
America,  in  this  respect,  as  much  as  America  can  offer  her.  Prof.  Lane, 
though,  is  quite  sure  that,  especially  for  geologists,  there  is  much  to  be 
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gained  by  seeing  the  typical  regions  and  sections  where  geology  was  first 
studied. 

The  War  Department  has  made  arrangements  by  which  members  of 
the  American  Expeditionary  Force  may  enter  French  schools  of  all  grades. 


BABBITT  COMPOSITIONS  RECOMMENDED  BY  BEARING 

METALS  MANUFACTURERS 

Last  October  a  committee  was  appointed  by  The  War  Service  Associa- 
tion of  Manufacturers  of  Solder  and  Bearing  Metals,  Inc.  to  consider  the 
report  of  the  U.  S.  Bureau  of  Standards  to  the  Conservation  Division  of 
the  War  Industries  Board,  a  letter  of  the  War  Industries  Board,  and  the 
discussions  of  this  letter  as  reported  at  the  meetings  of  association  and  to 
summarize  the  information  thus  obtained.  The  report  of  this  committee 
has  just  been  printed. 

The  committee  agrees  with  the  Bureau  of  Standards  that  99  per  cent, 
tin  can  be  used.  It  also  finds  that  a  very  small  amount  of  lead  might 
increase  the  tendency  of  the  bearing  to  crack  and  that  lead  has  a  harden- 
ing effect  on  babbitts  up  to  a  possible  limit  of  10  per  cent,  of  lead.  Still 
in  the  so-called  genuine  babbitts,  in  the  presence  of  lead  a  certain  propor- 
tion of  low  melting  point  eutectic  is  introduced  which  admits  of  the  bearing 
being  poured  into  thinner  sections  and  is  decidedly  advantageous  in  the 
die-casting  process  in  producing  a  much  smoother  casting,  But  the 
committee  recommends  that  the  Bureau  of  Standards  thoroughly  in- 
vestigate this  point.  Lead-base  babbitts,  to  give  satisfactory  service, 
must  be  carefully  made  of  the  proper  raw  materials.  The  bronze  bearing 
that  has  been  thoroughly  tinned  and  containing  the  thini\est  possible 
babbitt  Uning  is  now  becoming  recognized  as  the  ideal  bearing.  The 
compositions  recommended  by  the  committee  are  as  follows: 


Babbitt  Compositions  Recommended 


Grade 
No. 


Tin. 

Per 

Cent. 


1 91 

2 ,  89 

3 1  83H 

4 75 

5 I  65 

6 61H 

7 45 

8 ,  30H 

9 '  20 

10 '  10 

11 I       5 

12 5 

13 I       2 

14 

15 I 

16 

17 ' 


Antimony,!     Lead, 
Per       '       Per 
Cent,      i    Cent. 


4H 
7H 
SH 

12 

15 

lOH 
7H 
8H 

15 

15 

15 

10 

15 

15 

10 


1 

1 

1 
10 
18 
25 
46 
60 
63H 
75 
80 
85 
83 
85 
90 
986 
98c 


Copper, 

Per 

Cent. 


4H 

SH 

S^i 

3 

2 

3 

IH 
1 

IH 
0.50a 
0.50a 
0.50a 
0.50a 
0.50a 
0.50a 


Iron, 
Max., 

Per 
Cent. 


0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 


Arsenic, 
Max., 
Per 
Cent.       I 


Zinc 


0.10 
0.10 
0.10 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.20 
0.20 
0.20 
0.20 
1.00 
1.00 


Aluminum 


None  ' 
None  I 
None  I 
None  I 
None  I 
None  I 
None  I 
None  I 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


a,  Maximum.  b,  Approximate,  balance  alkali  metals. 

c.  Approximate,  balance  alkaline  earth  metal9. 
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The  most  desirable  alloys  on  the  list  of  lowest  tin  content  for  the 
foUowing  requirements  are: 

A.  For  resistance  to  extreme  pressures  and  impacts,  when  the  de- 
sign of  the  bearing  is  such  that  a  heavy  liner  is  used,  alloy  No.  3. 

B.  For  supporting  smaller  loads,  or  resisting  smaller  impacts,  and 
when  thinner  linings  are  used,  alloy  No.  2. 

C.  For  the  thinnest  liners,  particularly  those  attached  to  bronze  or 
steel  backs  by  the  soldering  process,  and  under  conditions  where  the 
shocks  are  not  so  severe  as  to  require  the  use  of  harder  alloys,  either 
alloy  No.  6,  7,  or  8,  depending  on  which  exhibits  the  best  physical 
properties  (these  to  be  determined  by  the  Bureau  of  Standards). 

D.  For  all  classes  of  service  other  than  A,  B,  C,  E,  or  F,  alloy  No. 
10,  which  is  the  most  satisfactory  lead-base  babbitt  containing  tin  and 
antimony. 

E.  For  service  under  low  pressures,  and  without  impact,  operated  at 
fairly  low  speeds,  alloy  No.  14. 

F.  Alloys  Nos.  16  and  17  for  the  special  classes  of  service  for  which 
they  may  be  found  suited  after  sufficient  service  experience. 


PEACE— NOT  THE  END  BUT  THE  BEGINNING 

In  an  address  delivered  at  Atlantic  City,  N.  J.,  Dec.  5,  1918,  M.L. 
Requa,  General  Director,  Oil  Division  of  the  United  States  Fuel  Adminis- 
tration, said: 

We  face  a  new  era  with  all  its  uncertainties.  We  have  arrived  at  the 
period  of  reconstruction  and  are  face  to  face  with  the  problems  concerning 
which  we  have  so  often  speculated  during  the  past  four  years.  In  all 
this  reconstruction  work  the  United  States  must  bear  an  important  part. 
We  are  looked  upon  to  lead  the  way,  to  blaze  the  trail  and  our  actions 
will  have  a  profound  influence  upon  the  rest  of  the  world.  If  we  are  to 
succeed,  even  in  part,  we  must  not  be  ashamed  to  practise  economy; 
we  must  not  despise  the  day  of  small  things;  the  little  savings;  we  must 
have  the  closest  cooperation  between  Government  and  industry. 

Just  as  truly  do  we  need  civic  awakening.  All  that  we  have  ever 
fought  for,  the  liberty  of  the  world,  is  comprehended  in  the  ballot; 
and  yet  how  lightly  we  have  held  this  great  privilege!  We  need,  if  we  are 
to  reap  in  full  the  benefits  of  the  past  18  mo.,  an  awakened  civic  conscious- 
ness; a  jealous  guarding  of  government;  a  resolution  that  we  will,  each 
and  all,  perform  to  the  full  the  duties  imposed  upon  us  by  Democracy; 
that  we  will  perform  more  completely  the  obligations  resting  upon  us  as 
citizens. 

During  the  war,  industry,  through  sane  cooperation  and  intelUgent 
effort,  has  accomplished  results  possible  of  attainment  in  no  other  way. 
Government  and  industry  have  worked  hand  in  hand  and  pointed  the  way 
to  future  activities  which,  if  realized,  can  but  be  most  highly  beneficial  to 
all.  If  Government  and  industry  are  to  fulfill  their  respective  duties 
satisfactorily,  it  is  obvious  that  there  should  be  complete  mutual  confidence. 
Industry  must  not  attempt  to  "put  something  over" — ^and  Government 
must  treat  with  industry  upon  the  high  plane  that  has  characterized 
the  public  utterances  of  the  President  during  the  war.  The  individual 
who  cannot  conform  to  these  high  ideals  should  have  no  place  in  industry, 
and  equally  no  place  in  Government.     If  the  dignified  and  broad  princi- 
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pies  enunciated  by  the  President  can  be  made  the  common  platform,  I  am 
persuaded  that  honest  men  make  up  so  large  a  majority  of  industry  there 
will  be  no  question  but  that  the  dishonest  can  be  driven  out  or  made  to 
conform  to  the  high  standards  set.  The  official  who  looks  to  the  balance- 
sheet  of  his  company  as  the  only  satisfactory  answer  to  his  stewardship 
is  shortsighted  and  has  but  faint  conception  of  the  real  nature  of  his  trust. 
His  is  a  far  more  important  task.  In  the  case  of  the  great  corporation  he 
is  in  truth  the  trustee  for  the  people,  administering  affairs  that — while 
perhaps  not  legally  so  construed — are  as  truly  public-service  corporations 
as  are  our  railways. 

In  place  of  the  doctrine  of  unrestricted  competition,  we  must  substi- 
tute the  doctrine  of  cooperation.  But  cooperation  must  be  founded  on 
mutual  confidence,  free  of  special  privileges,  secret  understandings,  and 
unfair  tactics. 

Among  necessary  reconstruction  measures  there  are  three  that  I 
consider  fundamental  and  of  first  importance:  We  need,  of  course,  a 
national  budget.  The  budget  is  the  foundation,  without  which  we  cannot 
hope  materially  to  improve  our  past  record  of  extravagance. 

Members  of  the  Cabinet  should  sit  in  the  House,  take  part  in  debate, 
answer  questions,  and  upon  a  vote  of  censiu'e  resign.  They  should,  in 
short,  be  responsible  to  Congress  for  the  proper  administration  of  the  de- 
partments over  which  they  preside. 

We  should  create  the  United  States  Board  of  Trade,  under  whose  juris- 
diction should  come  the  industrial  and  commercial  activities  of  the  nation. 
This  body  should  largely  parallel  the  Supreme  Court  of  the  United  States 
in  manner  of  appointment;  a  seat  upon  this  board  should  be  as  eagerly 
sought  and  should  confer  the  same  high  honor,  as  related  to  industry, 
as  a  seat  upon  the  Supreme  Bench  confers  upon  Law. 

This  board  should  have  supervision  of  American  industry.  It 
would  plan  all  policies  of  foreign  trades  relations;  it  would  limit,  guide, 
and  counsel,  both  as  to  foreign  and  domestic  commerce;  it  would,  in, 
short,  prescribe  the  ethics,  limit  the  activities,  determine  the  practices, 
and  represent  Government — to  the  end  that  industry  should  most 
efficiently,  beneficently,  and  wisely  perform  its  functions  as  the  servant 
of  the  people. 


CHANGE  OF  ADDRESS 

To  ensure  the  receipt  of  the  Bulletin,  all  changes  of  address  must 
be  received  before  the  20th  of  the  preceding  month  when  the  mailing 
lists  must  be  closed. 


UNIFORM  LISTS  OF  TECHNICAL  SYMBOLS 

During  February  there  will  be  a  meeting  of  the  Committee  on  Tech- 
nical Nomenclature  of  the  Society  for  the  Promotion  of  Engineering 
Education  and  representatives  of  the  various  engineering  societies,  to 
do  the  preliminary  work  necessary  for  the  adoption  of  uniform  lists  of 
technical  83rmbols.  At  this  time  it  is  expected  that  lists  of  symbols  in 
general  use  throughout  the  country  will  be  presented  and  the  symbols 
most  generally  used  will  be  recommended  for  adoption. 
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.      NEWS  FROM  MEMBERS  IN  SERVICE 

Lieut.  Maxwell  E.  Erdory,  now  with  the  Army  of  Occupation  in  France, 
writes  as  follows: 

**The  602d  Engrs.,  many  of  whose  officers  are  members  of  the  Insti- 
tute, started  its  active  service  in  France  at  Avocourt,  where  we  built 
a  road  across  *No  Man^s  Land.'  This  road  from  Avocourt  to  Mont- 
faucon  started  us  on  a  career  of  road  building  which  lasted  from  Sept. 
26  to  Nov.  9.  The  engineer  in  war  has  no  working  hours.  Our  first 
job  meant  50  hr.  continuous  work,  a  layoff  of  4  hr.  and  18  hr.  more. 
That  was  our  initiation  in  this  war  game. 

**Back  in  the  States  we  practised  building  trenches,  dugouts,  and 
underground  shelters  of  all  sorts.  In  France  we  were  unfortunate 
enough  to  come  upon  the  scene  when  the  so-called  open  warfare  started. 
That  made  all  the  above  unnecessary.  Roads  was  the  cry  and  our 
job  was  to  see  that  all  the  artillery  got  their  roads  and  got  over  them. 

**I  might  mention  here  that  the  roads  of  France,  which  were  in  excel- 
lent condition  except  for  numerous  shell  holes,  were  one  of  the  leading 
factors  in  the  rapid  termination  of  the  war. 

"We  built  a  narrow-gage  railroad  from  Romagne  to  Landre  St. 
George  which  cost  us  a  few  men.  At  Stenay  we  did  our  first  bridge 
building.  We  built  nine  bridges  across  the  Meuse,  capable  of  carrying 
tanks,  in  18  hr.  The  next  day  the  American  army  crossed  these  bridges 
on  their  way  to  Virton,  Belgium,  and  the  Rhine. 

''  Our  course  from  Virton,  Belgium,  took  us  through  Longwy,  Musson, 
and  Athus,  in  which  towns  I  inspected  the  steel  plants.  In  Musson 
as  well  as  Longwy  the  Germans  had  destroyed  most  of  the  blast  furnaces. 
This  destruction  began  in  August,  1917.  In  Athus  the  furnaces  were  in 
good  condition,  the  Germans  having  removed  all  motors  and  electrical 
apparatus,  rendering  the  plant  inoperative.  I  have  taken  several  photos 
of  interest  of  these  plants. 

**It  is  but  fitting  that  I  say  that  the  engineer  in  this  war  has  con- 
tributed much  toward  its  success  but  the  *' Doughboy"  is  its  hero  and 
we  engineers  one  and  all  say  "All  hail  the  Doughboy." 

Emil  Spumy  writes  that  on  June  1,  1918,  the  Presbyterian  Hospital 
Unit,  recruited  in  New  York  City,  arrived  at  a  town  on  the  coast  of 
France,  about  15  mi.  north  of  Havre,  having  taken  over  the  operation, 
etc.,  of  No.  1  General  Hospital,  B.  E.  F.  The  hospital  consists  of  three 
buildings,  which  in  peace  time  are  used  as  summer  hotels.  They  expect 
to  be  back  in  the  United  States  at  an  early  date. 

E.  Steidle  sends  the  following  note:  "While  attached,  with  my 
company,  to  an  attacking  unit  of  Marines,  I  was  unfortunate  enough 
to  receive  a  second  injury  and  this  time  suffered  the  loss  of  my  right  eye. 
I  was  to  be  shipped  home  a  cripple  when  my  Colonel  arrived  and  matters 
were  arranged  so  that  I  could  return  to  my  regiment.  I  am  now  com- 
manding the  First  Battalion  of  the  First  Gas  Regiment  (formerly  the 
30th  Engineers).  I  will  not  receive  my  majority  for  the  present,  duo  to 
the  recent  G.  H.  Q.  ruling  regarding  promotions,  but  I  will  have  the 
pleasure  of  taking  home  one  of  the  best  fighting  units  in  the  whole 
American  Expeditionary  Forces,  and  of  mustering  it  out.  I  might  add 
that  over  half  of  the  battalion  are  college  men  and  the  balance  are 
skilled  in  some  trade  and  are  of  an  exceptionally  high  caliber.  We  expect 
to  entrain  for  a  base  port  at  an  early  date,  which  means  an  early  trip 
home.*' 


w 
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Lieut.  S.  H.  Zimmerman  writes  as  follows:  '^The  notification  an- 
nouncing my  change  of  status  to  a  full  membership  in  the  Institute 
arrived  at  a  moment  when  we  were  busily  engaged  with  the  boche  in  the 
Argonne,  on  the  19th  of  October.  You  will  no  doubt  be  delighted  to 
hear  that  the  A.  I.  M.  E.  was  able  to  accomplish  more  that  day  than  the 
boche  (even  though  the  latter  were  resorting  to  6-in.  shells)  in  the  matter 
of  status  changing.  While  the  A.  I.  M.  E.  did  actually  make  the  change, 
friend]  boche  could  not  do  it  with  his  best  shells  although  one  did  put 
me  *hors   de   combat'  up  to  the  present  time  with  a  small  wound." 

Lieut.  W.  Hooker,  R.  E.,  writes:  '*I  have  just  had  your  letter 
forwarded  to  me  from  England.  Referring  to  your  remark  as  to  interest- 
ing matter  about  the  experiences  met  with  by  the  members  of  the  Insti- 
tute, I  almost  think  I  could  fill  a  small  volume — given  a  little  leisure,  a 
thing  we  are  much  in  want  of  over  here  for  the  life  has  been  most  strenu- 
ous especially  during  and  since  our  little  push  of  over  350  mi.  in  6 
to  7  weeks,  the  capture  of  over  80,000  prisoners,  goodness  knows  how 
many  dead,  and  wounded,  and  over  400  tons — an  incredible  amount — 
of  war  and  other  material,  etc.,  all  of  which  will  be  common  knowledge 
to  you  in  the  U.  S.  A.  through  the  medium  of  the  newspapers.  Of  course 
there  are  lots  of  items  of  personal  experience  that  are  not  within  the 
purview  of  the  press  and  simply  relate  to  experiences  reached  by  the 
individual,  a  few  of  which  I  will  give  you  in  the  fewest  possible  words. 

"I  am  engaged  (and  have  been  throughout  this  year)  in  railway 
engineering  work  such  as  tunneling,  replacing  destroyed  bridges  and  track, 
also  laying  new  track.  Although  a  mining  man  I  have  found  myself 
through  knowledge  of  mathematics  and  the  theodolite  quite  'au  fait'  at 
railway  work-r-so  much  so  that  I  have  been  recommended  for  mention 
in  dispatches  for  success  in  some  difficult  engineering  work  in  con- 
nection therewith.  I  do  not  consider  there  is  very  much  merit  in  doing 
one's  duty,  especially  in  this  sort  of  work,  as  care  in  details  and  the  exercise 
of  a  good  kind  of  common  sense  generally  carry  one  through.  One  of  the 
most  interesting  works  I  was  engaged  in  was  a  light  railway  from  Jerusalem 
to  Birch  about  19^  mi.  north  of  the  former.  It  was  laid  out  over  a 
very  rough  and  rocky  bit  of  country  of  limestone  (cretaceous)  and  was 
very  precipitous.  Its  chief  interest  apart  from  a  technical  view  lay  in 
the  historic  relics  passed  and  the  Biblical  association  connected  with  it. 
A  view  of  Nebi-Samwil  (Samuel  the  Prophet's  grave)  was  conspicuous 
on  the  left  hand,  or  west,  the  tomb  being  erected  on  a  high  hill.  A  few 
miles  out  from  Jerusalem  the  line  runs  over  the  tombs  of  the  Judges  of 
Israel,  with  the  Lord  Chief  Justice's  tomb  first  (a  deep  double  chamber 
32  ft.  below  the  surface  carved  in  the  solid  rock).  There  are  rabbetted 
doorways  to  which  stones  were  fitted  and  then  sealed  up.  These,  how- 
ever, have  been  removed,  Further  on  are  King  Solomon's  wine  presses, 
on  the  west  side  of  the  track,  the  stain  of  the  wine  being  so  deep  in  the 
stone  that  it  is  yet  clearly  visible.  The  press  is  cut  in  the  solid  rock  and 
also  circular  chambers  below  the  ground  level  wherein  it  is  believed  the 
wine  was  stored.  On  the  right  hand,  east,  is  a  stronghold  or  ancient 
fort  which  was  occupied  by  the  Syrians  for  some  years;  they  were 
ejected  by  Simon  the  brother  of  Judas  Maccabaeus.  This  fort 
is  a  most  interesting  ruin,  the  major  portion  being  cut  out  of  the  solid 
rock.  In  one  part  there  is  a  small  wine  press  in  excellent  preservation 
with  the  mark  of  the  tools  (masons')  still  clear.  The  walls  are  very 
massive,  and  of  the  type  termed  *  monolithic'     The  railroad  winds 
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round  the  steep  scarp  of  an  abrupt  hill  beyond  this  and  has  been  cut  out 
of  the  solid  like  a  ledge.  Beyond  here  is  Sh&fat,  a  very  ancient  village 
overlooked  by  a  steep  conical  mountain  from  which  on  a  clear  day  a 
wonderful  view  of  the  valley  of  the  Jordan,  the  mountains  of  Moab, 
and  the  Dead  Sea  is  obtained,  stretched  like  a  map,  3800  ft.  below 
and  about  22  to  23  mi.  away.  This  is  a  scene  of  great  beauty  and  pic- 
turesqueness.  The  steep  slopes  of  the  mountain  and  the  deep  valleys, 
with  the  conical  tops  of  distinct  hills,  the  green  Une  indicating  the  course 
of  the  Jordan  and  the  wonderful  blue  of  the  Dead  Sea,  makeup  with  the 
massive  background  of  the  Moabite  Hills,  over  4000  ft.  above  the  sea 
level,  a  view  of  singular  grandeur  with  a  charm  all  its  own.  On  the 
southern  face  the  dome  of  the  Mosque  of  Omar  and  that  of  the  Holy 
Sepulchre,  together  with  the  many  spires  and  minarets  in  the  distance, 
proclaim  the  Holy  City  itself.  In  the  near  foreground  is  the  valley  of 
Jehoshaphat  and  on  the  left  of  that  the  Mount  of  Ohves  and  Bethany. 
Further  north  we  reach  Er  Ram  with  several  tombs  cut  in  the  hving 
rock,  the  origin  of  which  and  by  whose  remains  they  were  occupied,  I 
have  been  unable  to  learn.  .  The  terminus  of  the  Une  is  at  Ramallah 
and  Birch,  both  spots  of  historic  interest  during  the  time  of  the  Hebraic 
domination.  There  are  several  ruins  scattered  about  these  villages, 
which  no  doubt  would  have  repaid  closer  inspection  and  research  but 
duty  was  the  watchword  and  private  interest  had  to  be  subordinated  to 
public  and  national  needs,  therefore,  I  was  unable  to  get  any  information 
thereon.  I  will  endeavor  to  send  you  more  items  of  interest  when  time 
is  available,  meantime  I  close  this  letter  hoping  it  may  be  of  some  inter- 
est to  both  yourself  and  any  member  who  cares  for  this  sort  of  archaeo- 
logical matter." 


ADDITIONAL  LIST  OF  MEMBERS  OF  THE  INSTITUTE 

IN  MILITARY  SERVICE 

(The  following  list  contains  the  names  of  those  members  of  the  Institute  of  whose 
connection  with  military  service  we  have  only  recently  become  acquainted.) 

Blackner,  L.  a.,  Capt.,  Engineers,  U.  S.  A.,  217th  Engineers 
(Sapper)  Regiment,  Camp  Beauregard,  La. 

Burke,  James  M.,  Flying  Ensign,  Naval  Aviation. 

Hbnniger,  Waldemar  F.,  U.  S.  Army. 

Jennings,  E.  B.,  2d  Lieut.,  A.  S.,  S.  R.  C,  Aerial  Observer. 

Kernan,  Thomas  H.,  U.  S.  Army. 

LiNTNER,  E.  J.,  2d  Lieut.,  Coast  Artillery. 

Mazany,  M.  S.,  Lieut.,  214th  Engineers,  Camp  Custer,  Mich. 

Reber,  W.  H.,  Warrant  Machinist,  U.  S.  Navy  Steam  Engineers* 
School,  Hoboken,  N.  J. 

Vivian,  George  F.,  2d  Lieut,  212th  Engineers,  Camp  Devens,  Mass. 

Warner,  Robert  K.,  Corporal,  301st  Engineers,  78th  Div.,  Army 
of  Occupation,  France. 

Wood,  James  T.,  Jr.,  2d  Regiment,  1st  Brigade,  Field  Artillery 
Replacement  Draft,  Camp  Jackson,  S.  C. 

Yewell,  p.  R.,  Corporal,  U.  S.  Army. 
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PERSONAL 

The  following  is  an  incomplete  list  of  members  and  guests  who  called 
at  Institute  headquarters  during  the  period  Dec.  10, 1918  to  Jan.  10;  1919. 


P.  G.  Bandy,  Mexico  City. 

Bennett  R.  Bates,  Berkeley,  CaL 

Wmiam  T.  Bates,  Mascot,  Tenn. 

Lt  Don  C.  Billick,  Alturas,  C&l. 

L  B.  Booth,  Watertown,  Mass. 

J.  T.  Boyd,  Denver,  Colo. 

J.  R.  Buchanan,  Pasadena,  Cal. 

Snsign  G.  M.  Bnrke. 

Ctptein  B.  H.  Clausen. 

F.  L.  Cole,  Manila,  P.  I. 

Joules  Cousin. 

A.  Faison  Dixon,  Washington,  D.  C. 

James  T.  Dixon,  London,  England. 

Srerett  Drennen^lkins,  W.  Va. 

F.  Eichelberger,  Helena,  Mont. 

R.  B.  Bldredge,  Colorado  Springs,  Colo. 

W.  F.  Ferrier,  Ottawa. 

Martin  Fishback,  BensoiK  Aris. 

T.  B.  Fisher,  Dover,  N.  J. 

D.  C.  Gilbert,  Ft.  Wayne,  Ind. 

Lt  Lauriston  B.  Herr,  Cuba. 

G.  S.  Holmottist,  Washington,  D.  C. 
Lt  E.  Ross  Mousholder,  Ohio. 
Hugh  C.  Ingle,  Santa  Rosa,  Cal. 

Lt  M.  W.  Kishman,  Ariz. 
Hugo  £•  Kodi,  Watertown,  Mass. 
H.  M.  LaFollette,  LaFoUette,  Tenn. 
Clinton  R.  Lewis,  Dawson,  Y.  T. 


Wm.  B.  McKinley,  Yonkers,  N.  Y. 
Captain  C.  B.  McQuigg.  Conn. 
Lt  H.  G.  Mathews,  Cal. 
Lt.  M.  S.  Mazany,  Mich. 
Ralph  A.  Meyer,  Hill  City,  S.  D. 
C.  F.  Moore,  Boston,  Mass. 
H.  W.  Nichols,  Chicago.  111. 
R.  B.  Olsen,  Mays  Landing,  N.  J. 
M.  L.  O'Neale,  Uouvemeur,  N.  Y. 

F.  W.  Osbom,  New  York,  N.  Y. 
Lt.  Fred  S.  Porter.  Alaska. 

G.  M.  Richards,  Palmerton,  Pa. 
T.  C.  Roberts,  E.  Orange,  N.  J. 
W.  E.  Ruder,  Schenectady.  N.  Y. 
Endgn  W.  A.  RuKeyser,  Boston. 
A.  H.  Sawyer,  Boston,  Mass. 

Lt  D.  F.  Schindler,  New  York. 

L.  G.  Sparks,  Greensburg,  Kan. 

W.  H.  Staver,  New  York,  N.  Y. 

Douglas  B.  Sterrett,  St.  Cyr,  Canada. 

Warren  D.  Thompson. 

Enrique  Touceda,  Albany,  N.  Y. 

Mathew  van  Siclen. 

Flying  Cadet  Christian  Vrang,  Cal. 

L.  G.  Weeks,  Bisbee,  Ariz. 

C.  E.  Wheelock,  MogoUon,  N.  M. 

Major  A.  £.  White,  Washington,  D.  C. 

Lt  J.  L.  White,  Humboldt,  Ariz. 


The  Secretary  of  the  Institute  has  received  with  sincere  appreciation 
a  Christmas  card  extending  the  season's  greetings  from  the  officers' 
mess  of  the  3d  Tunnelling  Company,  Canadian  Engineers,  B.  E.  F., 
France,  and  takes  this  means  of  reciprocating  to  these  officers  and  men 
of  the  company  the  best  wishes  of  the  members  of  the  Board  of  Directors. 

Charles  E.  Addams  has  removed  from  Ray,  Ariz.,  to  Phoenix,  Ariz., 
where  he  is  chairman  and  director  of  the  Arizona  State  Council  of 
Defense. 

Paid  S.  Anderson  of  Baker,  Oregon,  has  accepted  the  position  of 
superintendent  of  the  Falls  Creek  Mining  Co.,  at  Granite,  Idaho. 

George  S.  Backus,  formerly  at  Telhu^ide,  Colo.,  is  now  with  the 
Minerals  Separation  North  American  Corporation  at  220  Battery  St., 
San  Francisco,  Cal. 

Bennett  R.  Bates  is  manager  with  the  Mineral  Hill  Consolidated 
Copper  Co.,  at  Tucson,  Ariz. 

Alfred  C.  Callen,  at  the  request  of  the  Federal  Board  for  Vocational 
Education,  is  visiting  the  important  mining  districts  of  the  United  States 
and  will  outline  plans  and  methods  for  carrying  secondary  mining  educa- 
tion to  the  miners,  both  coal  and  metal. 

6.  EL  Clevenger  has  changed  his  address  from  Colorado  Spnngs, 
Colo.,  to  1023  Sixteenth  St.,  Washington,  D.  C,  offices  of  the  National 
Research  Council,  where  he  has  assimied  the  position  of  Chairman  of  the 
Section  on  Metalliu'gy. 
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B.  L.  Cunningham,  lately  of  Berkeley,  Cal.,  is  at  present  consulting 
geologist  for  the  Doheney  Pacific  Petroleum  Co.,  at  1011  Security  Build- 
ing, Los  Angeles,  Cal. 

E.  W.  Davis  is  Superintendent  of  the  School  of  Mines  Experiment 
Station  of  the  University  of  Minnesota. 

Waldemar  F.  Dietrich  has  accepted  the  position  of  assistant  pro- 
fessor of  mining  at  Stanford  University,  Cal. 

Lucian  Eaton,  for  the  past  seven  months  a  captain  of  engineers  in 
the  U.  S.  Army,  was  discharged  on  Dec.  16.  He  is  returning  to  his 
former  position.  Superintendent,  Ishpeming  District,  Cleveland-ClifiFs 
Iron  Co.,  Ishpeming,  Mich. 

William  H.  Finkeldey,  metallographer,  is  connected  with  the  New 
Jersey  Zinc  Co.,  at  the  Palmerton,  Pa.,  plant. 

D.  M.  Folsom  is  manager  of  the  statistical  department  of  the  General 
Petroleum  Corpn.,  with  offices  in  the  Alaska  Commercial  Bldg.,  San 
Francisco,  Cal. 

George  W.  Fry  is  general  manager  at  the  Commonwealth  Public 
Service  Co.'s  offices  in  the  Merchants  National  Bank  Bldg.,  Fort  Smith, 
Ark. 

Donald  C.  Gilbert,  second  lieutenant,  engineers,  U.  S.  A.,  having 
received  an  honorable  discharge,  has  accepted  a  position  with  the  Kenne- 
cott  Copper  Corpn.  at  Kennecott,  Alaska. 

G.  E;  Harrison  has  resigned  his  position  with  Corrigan,  McKinney 
&  Co.  of  Hibbing,  Minn.,  and  is  now  in  Crystal  Falls,  Mich.,  as  district 
superintendent  for  the  McKinney  Steel  C^o.,  in  charge  of  their  Menominee 
Range  operations. 

Waldemar  F.  Henniger  has  recently  been  mustered  out  of  the  army 
and  has  resumed  his  position  as  petroleum  geologist  with  the  Gulf  Produc- 
tion Co.     His  address  is  1210  Vine  St.,  Brownwood,  Tex. 

Nathaniel  Herz,  having  received  his  discharge  from  military  service, 
is  now  at  45  Sheldon  Terrace,  New  Haven,  Conn. 

J.  N.  Houser  is  vice-president  and  general  manager  of  the  American 
Zinc,  Lead  &  Smelting  Co.  of  Mascot,  Tenn. 

John  A.  Jess  is  a  member  of  the  staff  of  the  Forest  Products  Labora- 
tory at  Madison,  Wis. 

Ralph  N.  Marble,  Jr.,  having  been  placed  on  inactive  duty,  has 
accepted  a  position  with  the  Mahoning  Ore  &  Steel  Co.  at  Hibbing,  Minn. 

A.  J.  Miller's  new  address  is  Care  of  Stimpson  Equipment  Co.,  318 
Felt  Bldg.,  Salt  Lake  City,  Utah. 

W.  D.  B.  Motter,  Jr.,  has  resigned  as  manager  of  the  Benson  Mines  Co. 
to  join  the  staff  of  Guggenheim  Brothers  as  assistant  consulting  mining 
engineer,  and  after  a  3  months'  trip  to  South  America  will  be  at  120 
Broadway,  New  York  City. 

Burton  B.  Nieding's  address  is  United  Verde  Extension  Co.,  Jerome, 
Ariz. 

Alfred  C.  North,  having  been  granted  a  vacation  from  his  duties  as 
engineer  for  the  Eden  Mining  Co.,  a  subsidiary  of  the  Tonopah  Mining 
Co.,  of  Nevada,  operating  in  the  Pis  Pis  mining  district,  is  on  his  way  to 
the  United  States.    • 

M.  L.  O'Neale  has  resigned  as  superintendent  of  the  Connellsville 
Basin  Coke  Co.,  Morgantown,  W.  Va.,  to  accept  the  position  of  mine  and 
mill  superintendent  of  the  New  York  Pyrites  Co.,  at  Gouverneur,  N.  Y. 
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James  M.  Piatt  has  accepted  a  position  with  the  Cia  Min.  La  Blanca 
y  Anexas  at  Pachuca,  Hgo.,  Mexico. 

Fred  S.  Porter  is  at  present  with  the  Kennecott  Copper  Corpn.,  Staff 
House,  Kennecott,  Alaska,  having  recently  received  an  honorable 
discharge  from  the  army. 

Charles  H.  Reed,  formerly  of  Denver,  Colo.,  is  now  with  the  Primos 
Exploration  Co.  at  the  Urad  mine.  Empire,  Colo. 

J.  K.  Roberts,  having  been  released  from  the  U.  S.  Navy,  has  resumed 
his  former  duties  as  instructor  in  geology  at  Emory  and  Henry  College, 
Emory,  Va. 

C.  Carleton  Semple  has  taken  a  position  with  the  Peruvian  Copper  & 
Smelting  Co.  at  Juaja,  Peru. 

Bert  F.  Smith  has  resigned  his  position  as  field  engineer  with  the 
American  Smelting  &  Refining  Co.  of  Spokane,  Wash.,  and  is  now  with  the 
Creede  Exploration  Co.  at  Creede,  Colo. 

Marshall  G.  Spencer  has  resigned  as  assistant  superintendent  of 
foundry  at  the  Watertown  Arsenal,  Watertown,  Mass.,  and  accepted  a 
position  with  the  Electric  [Steel  Co.  of  Indiana,  Box  327,  Indianapolis, 
Ind. 

Arthur  L.  Sweetser  has  accepted  the  position  of  mining  and  chemical 
engineer  with  the  Penyon  Syndicate  at  Antofagasta,  Chile. 

J.  R.  Thoenen,  on  Dec.  1,  resigned  as  superintendent  of  the  Garson 
mine  for  the  Mond  Nickel  Co.,  Ltd.,  of  Canada  to  accept  the  position  of 
superintendent  of  mines  for  the  Indiana  Fluorspar  &  Lead  Co.  at  Eliza- 
bethtown.  111. 

Walter  H.  Tiiplett  has  received  an  honorable  discharge  from  the  serv- 
ice.   His  present  address  is  5727  Colorado  Ave.,  Washington,  D.  C. 

A.  A.  Turner,  lately  at  Barstow,  Cal.,  is  now  with  the  Britannia 
Mining  Co.  at  Cuba  71,  Havana,  Cuba. 

S.  Power  Warren  is  mill  superintendent  with  the  Colorado  Centra 
Mmes  Co.  at  Georgetown,  Colo. 

I.  Edmund  Waechter  has  accepted  a  position  with  the  Carnegie 
Steel  Co.  at  the  Youngstown,  Ohio,  plant. 

L.  G.  Weeks,  recently  C.  Q.  M.  (A),  U.  S.  Navy,  has  resumed  his 
duties  as  a  mining  geologist  at  Chilton,  Wis. 

W.  H.  Wellman  has  removed  from  Esqueda,  Son.,  Mex.,  to  Valedon, 
New  Mexico,  where  he  is  superintendent  of  concentration  with, the 
85  Mining  Co. 

Joseph  L.  White,  Engineers,  U.  S.  A.,  upon  returning  to  civil  life  has 
accepted  the  position  of  field  engineer  with  the  Consolidated  Arizona 
Smelting  Co.  at  Humboldt,  Ariz. 


ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

No.  528. — Mechanical  engineer,  member  and  technical  graduate,  with 
broad  experience  in  shopwork,  the  economical  handling  and  processing 
of  materials  and  in  plant  design  construction  and  maintenance  and  with 
good  experience  in  mechanical  engineering  problems,  as  occurring  at  mines, 
available  about  Feb.  1  for  a  connection  having  sufficient  work  of  this 
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nature,  as  compared  with  mining  engineering,  to  justify  the  attention  of 
a  high-grade  man.    $250. 

No.  529. — Member,  age  32,  mining  engineer,  recently  discharged 
Lieutenant  of  Heavy  Artillery,  now  available.  Ten  years'  experience, 
gold-silver  and  copper  mining  and  milling,  construction,  teaching  and 
valuation.     Prefer  work  on  mine  examination,  or  as  superintendent. 

No.  530. — Member,  age  24,  single,  graduate  Missouri  School  of  Mines, 
two  summers  mining  experience,  speaks  Spanish.  At  present  available 
having  just  received  a  discharge  from  military  service. 

No.  531. — Mining  engineer,  member,  technical  graduate,  married,  age 
30,  desires  position  as  superintendent  or  engineer.  Has  had  9  years'  ex- 
perience as  miner,  millman,  surveyor  and  superintendent.  Just  released 
from  service.    Best  of  references. 

No.  532. — Mine  manager  or  superintendent.  Graduate  mining  engi- 
neer with  10  years'  experience  as  manager  and  operator  of  mines.  First 
class  references.  At  present  an  officer  in  U.  S.  Army,  but  expects 
discharge  on  or  before  Feb.  1. 

No.  533. — Member,  mining  engineer  and  geologist,  technical  graduate, 
age  28,  single,  experienced  mining  engineering  and  geology  in  United 
States,  desires  to  get  located  in  West  as  mining  geologist  or  mining 
engineer  and  geologist  combined.  Besides  engineering,  can  do  geologic 
survey,  exploring,  developing  and  micro-petrographic  research.  Can 
give  best  references.     Hard  worker  and  reliable.    Available  Feb.  1. 

No.  534. — Junior  member,  age  25,  single,  technical  graduate,  ex- 
perienced in  smelting  of  manganese  ores  in  the  electric  furnace,  desires 
position  in  electric  smelter.  Has  also  had  some  experience  in  the 
manufacture  of  carbon  electrodes. 

No.  535. — Member,  mining  engineer,  technical  graduate,  age  34  years, 
experience  as  engineer  for  coal  companies.  Three  and  one-half  years  with 
one  company  and  5  years  with  another.  Have  good  recommendations. 
Recently  honorably  discharged.  First  Lieutenant,  U.  S.  Army.  Desires 
position,  preferably  in  West.     Salary  last  received  $175  per  month. 

No.  536.— ^Member,  graduate  mining  engineer  and  geologist,  married, 
age  30  years.  Eight  years'  experience  in  coal  and  metal  mines  as  engi- 
neer, geologist  and  superintendent.  At  present  engaged  on  geologic 
survey.  Desires  change  to  company  oflFering  greater  chance  for  advance- 
ment.    Available  upon  short  notice. 

1^0.  537. — ^Member,  technical  graduate  with  20  years'  experience  in 
United  States,  Mexico  and  Russia  as  superintendent,  manager  and  con- 
sulting engineer  for  large  interests.  Experienced  in  examination, 
development  and  operation  of  large,  properties.  Owing  to  conditions  in 
Russia,  seeks  othes  connections.  Speaks  Spanish  and  can  handle  native 
Idbor. 

No.  538. — Engineer,  member,  technical  education,  wide  experience  in 
all  branches  of  metal  mining,  organization  and  management.  Excep- 
tional experience  exploration.  During  past  year  in  charge  of  large 
operation  in  connection  with  war  industries.  Thorough  Spanish. 
References  all  previous  employers.  Available  February.  Correspondence 
and  personal  interview  solicited. 

No.  539. — Mining  engineer,  age  33,  just  discharged  from  corps  of 
Engineers,  U.  S.  Army,  desires  position  in  East  on  mining  staflf  of  company 
operating  mines  in  U.  S.  or  South  America  to  work  on  exploration, 
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development  or  improvements.  Twelve  years'  experience  in  such  work 
in  the  West  and  Latin  America.    Speaks  Spanish  fluently. 

No.  540. — Member,  age  30,  married,  technical,  7  years'  experience 
copper  and  iron  mines  as  transitman,  mine  sampling,  millman  and 
eflSciency  engineer.  Desires  position  of  superintendent  or  assistant 
superintendent  or  efficiency  engineer.  Recently  released  from  aviation. 
Will  go  to  any  healthy  place.     Minimum  salary  $250. 

No.  541. — Mining  engineer,  member,  graduate  of  Columbia  School 
of  Mines,  married,  age  38,  desires  positioi)  as  superintendent,  assistant 
superintendent  or  engineer.  Has  had  15  years'  experience  in  mining, 
survejdng  and  engineering  in  the  Southwest.  Will  consider  no  position 
not  offering  a  future.    Available  at  once. 

No.  542. — Mining  engineer  of  many  years'  experience  both  in  execu- 
tive and  subordinate  capacity,  having  heretofore  retired  with  sufficient 
competence,  wishes  employment  with  first  class  mining  company  where 
his  experience  will  be  of  value.  The  question  of  remuneration  is  of 
secondary  importance. 

No.  543. — Member,  age  39,  married,  technical  training,  18  years'  all- 
round  experience  in  gold-silver  mining  and  milling  in  Mexico  and  the 
States,  including  responsibiUty  of  mine  development,  milP  construction, 
operation  and  management.  Have  held  interest  in  property  enough  to 
know  the  value  of  a  dollar  from  the  owner's  standpoint  and  can  get  re- 
sults.   Available  after  Feb.  1. 

No.  544. — Mining  or  mechanical  engineer  with  an  extensive  technical 
education  covering  mining,  mechanical  and  metallurgical  engineering, 
with  a  supplementary  legal  education  and  about  10  years'  varied  practical 
experience,  who  is  familiar  with  the  design,  construction,  operation  and 
maintenance  of  power,  mining,  chemical,  metallurgical  and  cement 
plants,  and  who  has  handled  men  in  large  numbers  and  work  of  consider- 
able magnitude,  is  open  for  engagemejit. 


POSITIONS  VACANT 

No.  364. — Asbestos  mine  in  Canada  desires  assistant  mine  superin- 
tendent to  supervise  mining  of  ore  and  delivery  of  same  to  mill  bins. 
To  be  successful,  applicant  should  be  good  organizer  and  able  to  get 
production  at  right  cost;  one  with  experience  on  steam-shovel  rock 
work  preferred.  Knowledge  of  French  desirable.  Salary  $175-$200  per 
month;  permanent  position;  chance  for  advancement.  Company- 
owned  houses  available  at  nominal  rental. 

No.  365. — Research  metallographist.  Man  of  commercial  experience 
in  alloy  steels  for  position  offering  opportunity  for  constructive  work 
over  wide^  range  of  alloys,  with  large  concern  providing  ample  working 
facflities.  In  replying  please  give  full  details  of  training,  experience, 
age  and  salary  desired. 

No.  366. — Engineer  to  do  surveying  and  making  of  mine  maps  cover- 
ing inside  development  of  mine  as  well  as  property  outside  of  the  mines. 
Matter  of  salary  depends  on  man's  experience  and  efficiency. 

No.  367. — Engineer,  preferably  single  man  to  be  detailed  mostly 
on  mine  surveying.  Salary  to  start  $130  per  month  and  expenses  while 
on  the  road. 
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No.  368. — Competent  road  engineer  having  sufficient  capacity  and 
organization  ability  to  take  responsible  charge  of  work.  Entire  control 
of  work  is  in  hands  of  county  court  of  three  members.  County  has 
recently  been  bonded  to  the  amount  of  $1,000,000  to  be  used  in  road 
construction. 

No.  369. — Thoroughly  competent  mining  engineer  of  known  ability 
who  will  also  be  mining  superintendent  for  large  property  located  in 
Oregon.    Salary  commensurate  with  experience. 

No.  370. — Young  mining  engineer^  recent  graduate,  for  mine  in  Chile. 
Contract  for  three  years.    Salary  $120  per  month  with  transpdHation. 

No.  371. — Instructor  wanted  in  ore-<lressing  and  metallurgy  for 
technical  school, in  the  Middle  West.  Practical  experience  required  and 
some  teaching  experience  desirable.  Salary  $1500  per  annum.  Work 
to  begin  as  near  Feb.  1,  as  possible. 

No.  372.  Wanted. — Cyanide  shift  boss  for  position  in  Ecuador. 
Transportation  from  and  to  New  York  with  a  two-year  contract.  Salary 
$150  with  board  and  lodging,  to  begin  on  starting  work. 


FdkTHCOMING  MEETINGS  OF  SOCIETIES 


Orgitnisatioii 


Automotive   Engineers 

Ameriean  Institute  of  Mining  EnsineeiB 

New  England  Association  of  Gaa  £n^eei8. . 
American  Institute  of  Electrical  Engmeers  .  . 
National  Society  for  the  Study  of  Education 
American  Railway  Enij^neeim^^  Association... 
American  Electrochemical  Society 


New  York,  N.  Y. 
New  York.  N.  Y. 
Boston,  Mass. 
New  York,  N.  Y. 
Chicago,  111. 
Chicago,  HI. 
New  York,  N.  Y. 


IHt« 


1919 

Feb.  4-6 
Feb.  17-20 
Feb.  19 
Feb.  19-21 
Feb.  25-28 
Moh.  18-20 
Apr.  3-5 


BIOGRAPHICAL  NOTICES 


CHARLES  P.  BROOKS 


Charles  P.  Brooks,  who  had  been  identified  with  the  mining  industry 
in  the  West  since  1874,  having  served  at  various  times  as  mining  and  con- 
sulting engineer  for  most  of  the  largest  mining  properties  in  Utah,  died 
Dec.  11,  at  his  home  in  Salt  Lake  City,  of  heart  failure,  after  an  illness 
of  about  one  month.  He  was  a  very  close  business  friend  of  the  late 
Thomas  Kearns  and  David  Keith.  In  recent  years  he  had  been  closely 
identified  with  the  Silver  King  CoaUtion  Mining  Co.,  the  Chief  Consoli- 
dated Mining  Co.,  the  Grand  Central  Mining  Co.,  the  Prince  Consolidated 
Mining  &  Smelting  Co.,  and  many  other  large  properties. 

Mr.  Brooks  was  bom  in  Washingtonville,  Orange  County,  New  York, 
Aug.  21,  1851 ;  he  was  the  son  of  Charles  Edward  Brooks  and  Adeline 
Cannon  Brooks.  When  14  years  of  age  he  attended  school  at  Chester, 
N.  J.,  for  one  term,  and  accompanied  the  assistant  principal  of  Chester 
Academy  to  New  Paltz,  N.  Y.,  and  finished  the  school  year  there.  In 
1866  he  entered  Dr.  Stiles's  school  at  Deckertown,  N.  J.,  and  later  the 
Shefiield  School  at  Yale  in  1867,  where  he  received  the  degree  of  civil 
engineer  with  the  class  of  1870. 
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He  was  married,  at  Salt  Lake  City,  on  Sept.  28,  1876,  to  Miss  Milli- 
cent  Amelia  Godbe,  who  died  in  1889.  He  was  married  again  om  Dec. 
15, 1891,  to  Miss  Miriam  Godbe,  a  sister  of  his  first  wife.  He  is  survived 
by  his  widow  and  three  daughters,  Mrs.  Clara  B.  Pitts,  Mrs.  Miriam 
B.  Jenkins  and  Mrs.  Marjorie  B.  Riter,  all  of  Salt  Lake  City. 

Mr.  Brooks  entered  the  city  engineer's  office  of  New  Haven,  Conn., 
in  the  winter  of  1870.  In  the  spring  of  1872  he  went  out  as  field  engineer 
for  the  Texas  &  Pacific  railroad,  traveling  from  Denver  to  El  Paso  over- 
land with  mule  teams,  working  from  there  west  to  the  Pima  villages, 
Ariz,  (west  of  Tucson).  A  year  later  he  became  identified  with  the  city 
engineer's  office  of  Chicago  and  helped  design  the  famous  waterworks 
and  sewerage  system  of  the  city  of  Chicago,  which  type  of  system  he  was 
later  responsible  for  starting  for  the  city  of  Salt  Lake.  In  March,  1874, 
he  formed  a  partnership  with  R.  H.  Browne  and  opened  up  the  engi- 
neering office  of  Browne  &  Brooks  at  Salt  Lake.  He  served  as  a  member 
of  the  Sidt  Lake  City  board  of  health' from  1890  to  1903;  as  county  sur- 
veyor for  Salt  Lake  County  from  1891  to  1892;  as  consulting  engineer 
for  the  board  of  public  works  on  the  construction  of  the  sewerage  system 
of  Salt  Lake  City  from  1888  to  1891;  and  as  a  member  of  the  board  of 
public  works  from  1905  to  1912.  He  was  a  United  States  deputy 
mineral  surveyor  for  Utah,  Idaho,  Nevada,  and  California. 

STEPHEN  lilNOT  PITMAN 

Stephen  Minot  Pitman  was  born  in  Boston,  July  19,  1850,  a  son  of 
Isaac  and  Harriet  (Minot)  Pitman.  He  was  educated  in  the  public 
schools  and  for  a  time  attended  Brown  University,  later  going  to  Tufts 
College,  where  he  received  the  degree  of  Ph.  B,  in  1869.  Following  his 
graduation  from  Tufts  he  went  to  Germany,  where  he  pursued  special 
studies  in  chemistry  at  the  Universities  of  Heidelberg  and  Berlin.  From 
1877  to  1882,  he  was  professor  of  chemistry  at  Tufts. 

His  first  business  venture  was  as  treasurer  and  general  manager  of  the 
Bell  Silver  &  Copper  Mining  Co.,  in  Butte,  Mont.,  in  1882  and  1883. 
In  1886,  he  went  to  Rhode  Island  as  chemist  for  the  Valley  Falls  Co. 
In  1888,  he  became  general  manager  of  the  Copp  Dyeing  Co.  He  later 
became  secretary  of  the  Philadelphia  Manufacturers'  Mutual  Fire  In- 
surance Co.  and  was  for  a  time  connected  with  the  Holmes  Fibre  Graph- 
ite Co.  of  Philadelphia.  In  1894,  he  was  elected  secretary-treasurer 
of  the  Narragansett  Mutual  Fire  Insurance  Co.  of  Providence,  R.  I.,  and 
remained  in  that  capacity  until  he  became  vice-president,  which  office  he 
held  until  his  death.  He  was  also  a  director  of  the  American  Invest- 
ment Co.  He  was  well  known  in  yachting  circles,  was  a  member  of  the 
A.  I.  M.  E.,  the  Players'  Club  and  the  Lambs'  Club,  in  New  York.  He 
also  belonged  to  the  Theta  Delta  Chi  college  fraternity. 

Mr.  Pitman  is  survived  by  a  widow,  two  sons,  Laurence  Pitman, 
of  Boston  and  Harold  Pitman  of  New  York,  and  two  daughters  Mrs. 
Henry  G.  Chamberlain,  of  Boston  and  Mrs.  SterUng  Smith  of  San  Diego, 
Cal. 

EDWARD  RANDOLPH 

Edward  Randolph,  president  of  the  Balbach  Smelting  &  Refining 
Co.,  who  died  suddenly  in  his  office  on  Friday,  Oct.  11,  was  born  in  the 
city  of  Memphis,  Tenn.,  Dec.  31,  1870.     He  came  of  a  family  prominent 
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in  the  South,  his  father,  Judge  William  N.  Randolph,  having  been  long 
a  distinguished  figure  in  the  legal  and  judicial  circles  of  his  section. 
Edward  Randolph  studied  for  the  bar,  and  had  already  made  his  mark 
there  when  he  met  Miss  JuUa  Balbach,  whom  he  afterwards  married. 
Her  father,  the  late  Edward  Balbach,  Jr.,  whose  father  founded  the  exten- 
sive business  later  known  as  Balbach  Smelting  &  Refining  Co.,  recogniz- 
ing Mr.  Randolph's  exceptional  ability,  persuaded  him  to  move  to  Newark, , 
and  in  1898,  Mr.  Randolph  became  treasurer  of  the  Balbach  Co.  A  * 
few  years  later,  he  was  made  secretary  as  well  as  treasurer  of  the 
company,  and  upon  Mr.  Balbach's  death,  in  1910,  was  the  unanimous 
choice  of  the  directors  for  the  presidency  of  the  institution.  This  posi- 
tion he  occupied  with  increasing  success  and  distinction  until  his  death. 

He  was  a  man  of  rare  personaUty.  With  business  acumen  and  ability, 
he  combined  qualities  which  warmly  endeared  him  alike  to  his  employees, 
his  business  associates,  and  a  wide  circle  of  friends.  In  addition  to  the 
exacting  demands  of  his  large  business  interests,  Mr.  Randolph  found  time 
for  much  work  of  a  semi-public  nature.  He  had  been  especially  active  in 
connection  with  the  several  Liberty  Loans  and  his  activities  as  chairman 
of  the  Conunittee  of  Assayers  and  Refiners  continued  literally  to  the 
hour  of  his  death. 

He  was  a  director  of  the  National  State  Bank  of  Newark,  a  member  of 
the  Bankers'  Club,  of  the  Lotos  Club  of  New  York,  the  New  York 
Athletic  Club,  Automobile  Club  of  New  York,  and  the  Essex  Club  of 
Newark.  He  is  survived  by  his  wife;  his  mother,  Mrs.  William  Randolph, 
of  Memphis;  two  brothers,  George  and  Wassel  Randolph  and  two  sisters, 
Mrs.  Laura  Morton  and  Miss  Amy  Randolph,  all  of  Memphis. 

BRUCE  WHITE 

Bruce  White  died  of  pneumonia  following  an  attack  of  influenza,  at 
Kootenay  Lake  General  Hospital,  Nov.  15,  1918,  at  the  age  of  55  years, 
leaving  a  wife  and  two  sons.  He  was  a  brother  of  Byron  N.  White, 
recently  deceased,  and  of  Oscar  V.  White,  now  operating  mines  in  the 
Slocan  district,  B.  C.  Born  at  Ontonagon,  Mich.,  in  1863,  and  finish- 
ing the  common  schools,  Mr.  White  began  mining  in  1884,  an  occupa- 
tion which  he  followed  without  interruption  to  the  time  of  his  death. 
During  this  period  he  mined  in  almost  every  State  and  Territory  in  which 
the  industry  is  represented,  and  of  late  in  British  Columbia  where  he  had 
charge  of  some  important  property.  For  15  years  he  was  superintendent 
of  the  Slocan  Star  mine  at  Sandon  and  more  recently  managed  the 
Noonday  and  other  properties.  His  word  was  taken  on  mining  subjects 
as  being  the  honest  opinion  of  one  well  qualified  to  speak  with  authority. 
He  had  a  kindly  disposition  and  his  operations  were  usually  successful. 
He  was  chairman  of  the  Western  Branch,  Canadian  Mining  Institute,  for 
the  year  1916-17,  and  was  a  member  of  the  American  Institute  of  Mining 
Engineers. 

ELLIOTT  HINEXY  WILSON 

m 

Elliot  Hinkly  Wilson  died,  on  Nov.  27,  at  the  Warm  Springs  hospital. 
Anaconda,  Mont.,  where  he  was  being  treated  for  a  malignant  affection 
of  the  throat.  Mr.  Wilson  was  born  in  New  Orleans,  La.,  where  his 
father  was  proprietor  of  the  St.  Charles  hotel,  on  Mch.  15,  1851.  He 
graduated  from  Washiagton  University,  St.  Louis,  in  1870,  ntiaking  a 
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remarkable  record  while  a  student  there,  and  ranking  high  in  every  class. 
Immediately  after  his  graduation  he  entered  the  service  of  the  Mississippi 
River  Commission  as  one  of  the  engineers  dealing  with  the  problem  of 
protecting  the  lowlands  from  the  floods.  There  he  remained  for  3  years, 
*  when  he  enlisted  for  the  work  of  building  the  first  railroad  to  tap  Montana 
from  the  East.     He  remained  with  the  Northern  Pacific  for  10  years. 

In  1884,  he  entered  into  partnership  with  John  Gillie  and  Wilson  & 
Gillie  became  one  of  the  best-known  firms  in  the  West  in  mineral  sur- 
veying and  general  engineering.  The  partnership  continued  until 
1898,  when  Mr.  Gillie  entered  the  employ  of  the  Anaconda  company. 
Later  Mr.  Wilson  became  affiliated  with  the  Heinze  interests  and  re- 
mained with  the  Heinze  organization  until  1906.  For  3  months  in  the 
year  1889,  Mr.  Wilson  served  as  general  manager  of  the  Bi-MetalUc 
Mining  Co.  at  Philipsburg.  He  served  a  term  in  the  legislature,  was 
elected  a  member  of  the  American  Institute  of  Mining  Engineers  in 
1887,  and  was  one  of  the  charter  members  of  the  Montana  Society  of 
Engineers  which  was  formed  in  1887.  He  was  president  of  the  Montana 
society  in  1891.  In  the.  last  few  years  Mr.  Wilson  had  devoted  himself 
to  private  work  as  an  examiner  of  mining  properties  for  various  interests. 

Mr.  Wilson  never  married.  He  is  survived  by  three  sisters,  Mrs. 
MoUie  S.  Smith,  Fort  Collins,  Colo.;  Mrs.  NelUe  Bradford,  Waverly, 
lU.;  and  Miss  Josie  Wilson,  Greenville,  111. 


In  1916,  2,362,494  domestic  consumers,  in  twenty  States,  used  natural 
gas  for  heat  and  light  and  18,278  industrial  concerns  used  it  for  fuel. 

According  to  figures  furnished  by  the  Minister  of  Munitions  from 
New  Zealand,  the  output  of  coal  from  all  New  Zealand  mines  in  1917  was 
2,068,419  tons. 

Japan  exports  about  $50,000,000  worth  of  copper  a  year.  It  imports 
ingots  and  slag  from  Koreft,  old  copper  coins  from  China,  and  submarine 
cables  from  Great  Britain. 

It  has  been  estimated  that  Manchuria  has  200,000,000  tons  of  mag- 
nesite  ore.  Tests  have  shown  it  to  contain  47.13  per  cent,  silica,  50.75 
per  cent,  carbonic  acid  and  water,  and  traces  of  lime. 

In  an  effort  to  render  itself  independent  of  all  other  countries  for  its 
own  supply.  Great  Britain  is  now  seeking  oil  near  its  coal  fields.  Equip- 
ment has  been  secured  from  this  country  to  sink  ten  holes,  if  necessary, 
to  a  depth  of  4000  ft.  (1219  m.)  on  the  fringe  of  the  Derbyshire  coal  fields. 

In  1918,  California  led  as  a  gold  producing  State,  the  estimate  show- 
ing 832,389  oz.  valued  at  $17,207,000,  while  Colorado  ranked  second  with 
621,791  oz.  valued  at  $12,853,000.  Texas  is  credited  with  having  produced 
five  oz.  valued  at  $100.  Montana  with  15,341,000  oz.,  was  the  principal 
silver  producing  state,  while  Utah  gave  13,439,000  oz.,  Idaho  10,188,000 
oz.,  and  Nevada  10,113,000  oz. 

According  to  the  report  of  the  Bureau  of  Mines,  the  fatal  quarry 
accidents  in  the  United  States  average  2.26  per  1000  men  employed  and 
the  non-fatal  injuries  175.62.  In  the  quarries  of  Belgium,  France,  Great 
Britain,  and  Italy,  the  fatalities  seldom  reach  1  per  1000  men  per  year. 
In  the  United  States,  marble  quarries  have  the  lowest  rate  of  fatalities 
and  trapnrock  quarries  the  highest. 
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LIBRARY 

American  SociifrT  of  Civil  Engineers 
American  Institute  of  Electrical  Engineers 
American  Society  of  Mechanical  Engineers 
American  Institute  of  Mining  Engineers 
United  Engineering  Society 

Harrison  W.  Graver,  Director 

The  library  of  the  above-named  Societies  is  open  from  9  a.  m.  to  10 
p.  M.  except  on  holidays.  It  contains  about  70,000  volumes  and  90,000 
pamphlets,  including  sets  of  technical  periodicals  and  publications  of 
scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend 
a  portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library,  through  its  Library  Service  Bureau,  can  render 
valuable  service  through  correspondence;  letters  requesting  information 
will  receive  especial  attention.  The  Library  is  prepared  to  furnish 
references  and  photographic  copies  of  articles  on  mining  and  metallur- 
gical subjects;  to  determine  the  existence  of  mining  maps,  and  to  furnish 
general  information  on  the  geology  and  mineral  resources  of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

Library  Accessions 

Bank  and  Public  Holidays  Throughout  the  World.  1919.  (Gift  of  the  Guar- 
anty Trust  Company  of  New  York.) 

Brotherhood  op  Men  and  Nations.  By  John  D.  RockefeUer,  Jr.  An  address 
delivered  before  the  Civic  and  Commercial  Club  at  Denver,  June  13,  1918. 
(Gift  of  John  D.  Rockefeller,  Jr.) 

Changing  Economic  Viewpoints.  (Gift  of  Guaranty  Trust  Company  of  New 
York.) 

Development  op  Magnetic  Susceptibility  in  Manganese  Steel  by  Prolonged 
Heat  Treatment.  By  Charles  F.  Brush.  (Reprinted  from  Proceedings  of 
the  American  Philosophical  Society,  v.  57,  1918.)     (Gift  of  Author.) 

Elements  op  Euclid,  viz.,  the  First  Six  Books  Together  with  the  Eleventh 
AND  TwELPTH.  By  Robt.  Simson.  Glasgow,  1756.  (Gift  of  Charles  Mac- 
donald.) 

The  Ethics  op  Cooperation.  By  James  H.  Tufts.  Boston,  1918.  (Gift  of 
University  of  California  Press.) 

Gold.  Report  of  Conference  held  under  the  auspices  of  the  Oregon  Bankers*  Associa- 
tion in  Portland,  Oregon,  Sept.  5,  1918,  to  consider  the  gold  problem.  (Gift  of 
H.  N.  Lawrie.) 

Industrial  Development  of  India.  Nov.  3,  1918.  (Gift  of  Guaranty  Trust 
Company  of  New  York.) 

International  Acetylene  Association.  Annual  Convention.  19th,  1917. 
(Gift  of  Association.) 

Mineral  Industry.     Vol.  26,  1917.     New  York,   McGraw-Hill  Book  Co.,  1918. 

Portland  Cement  Association.  Magazine  List,  October,  1918.  (Gift  of  Port- 
land Cement  Association.) 
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The  Quebec  Bridge  Carrtino  the  Transcontinental  Line  of  the  Canadian 
Government  Railways  over  the  St.  Lawrence  River  near  the  City  of 
Quebec,  Canada.     (Gift  of  George  F.  Porter.) 

Rockefeller  Foundation — International  Health  Board.  Annual  Report. 
4th,  1917.     N.  Y.,  1918.     (Gift  of  the  Foundation.) 

Smoke  Regulation.  Compiled  bv  Daniel  Malonev.  Issued  by  the  Department  of 
Parks  and  Public  Property  of  the  City  of  Newark,  N.  J.  (Gift  of  the  Department 
of  Parks  and  Public  Property,  Smoke  Abatement  Division,  Newark,  N.  J.) 

Steel  Alloys  Corporation.     (Gift  of  Kirby  Thomas.) 

Arizona.     State  Board  of  Equalization.     Proceedines,  1918.     (Gift  of  the  Board. ) 

California  State  Council  of  Defense.  Report  of  the  Committee  on  Petroleum. 
July  7,  1917.     Sacramento,  1917.     (Gift  of  California  State  Library.) 

Canada.  Department  of  Mines.  Summary  Report  of  the  Mines  Branch,  1917. 
Ottawa,  1918. 

Michigan.  Department  of  Labor.  Annual  Report.  35th,  Lansing,  1918.  (Gift 
of  the  Department  of  Labor,  Mich.) 

Tasmania.     Secretary  for  Mines.     Report,  1917.     Tasmania,  1918. 

U.  S.  Department  of  Agriculture.  Bureau  of  Chemistry.  Report  of  the  Chemist. 
1918.     (Gift  of  the  Bureau.) 

U.  S.  Director  of  the  Census.  Annual  Report  to  the  Secretary  of  Commerce  for 
the  fiscal  year  ended  June  30,  1918.     Washington,  1918. 

United  States  Council  of  National  Defense.  Annual  Report.  2d,  1918. 
Washington,  1918.     (Gift  of  U.  S.  Council  of  National  Defense.) 

U.  S.  Bureau  of  Foreign  and  Domestic  Commerce.  Annual  Report  of  the  Chief 
to  the  Secretary  of  Commerce  for  the  fiscal  year  ended  June  30,  1918.  Wash- 
ington, 1918.     (Gift  of  the  Bureau  of  Foreign  and  Domestic  Commerce.) 

U.  S.  Board  of  Ordnance  and  Fortification.  Annual  Report  to  the  Secretary  of 
War.     28th,  1918.     Washington.  1918. 

U.  S.  Geological  Survey.  Annual  Report  of  the  Director.  39tn,  1918.  Wash- 
ington, 1918. 

U.  8.  Treasury.     Director  of  the  Mint.     Annual  Report  for  the  fiscal  year  ending 
June  30,  1918.  including  Report  of  the  Precious  Aletals  during  the  calendar  year 
1917.     Washington,  1918. 


Book  Notices 

Unless  otherwise  specified,  books  in  this  list  have  been  presented  by  the  publishers. 
The  Institute  does  |not  assume  responsibility  for  any  statements  made;  these  are 
taken  from  the  preface  or  the  text  of  the  book,  unless  otherwise  noted. 

A3CERICAN  Engineers  Behind  the  Battle  Lines  in  France.  By  Robert  K. 
TomUn,  Jr.  Ist  edition.  N.  Y.,  published  by  Engineering  News-Record 
(McGraw-Hill  Book  Co.,  Inc.,  sole  selling  agents),  1918.  91  pp.,  illus.,  12  X  9 
in.,  >i  cloth,  $2.     (Gift  of  McGraw-Hill  Book  Co.) 

These  nineteen  articles,  reprinted  from  the  McGraw-Hill  periodicals  of  the  year, 
describe  various  phases  of  the  engineering  work  executed  by  the  American  Axmy. 
Gathered  together,  they  form  an  interesting  account  of  the  problems  and  the  methods 
osed  to  solve  them. 

American  Problems  of  Reconstruction.  A  National  Sjyrmposium  on  the  Eco- 
nomic and  Financtal  Aspects.  Edited  by  Elisha  M.  Fnedman,  with  a  foreword 
by  Franklin  K.  Lane.  N.  Y.,  E.  P.  Button  and  Co.,  1918.  23  +  471  pp.,  8X5 
in.,  cloth,  $5. 

CJontents:  Part  I.  A  Perspective  of  the  Question.  Part  II.  Efficiency  in  Pro- 
duction. Part  III.  Adjustments  in  Trade  and  Finance.  Part  IV.  Programs,  Mone- 
tary and  Fiscal. 

The  editor  here  presents  the  opinions  of  some  twenty-eight  prominent  Americans, 
in  the  hope  of  stimulating  thougnt  o^  the  subject.  Tlie  specific  points  treated  are 
the  temporary  effects  of  the  war,  the  best  methods  of  facilitating  our  readjustment  to 
peace  conditions,  the  permanent  ejects  of  the  war,  the  changes  that  these  will  effect 
in  our  national  life,  and  the  national  economic  policy  that  should  be  adopted. 
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Annual  Chemical  Directory  op  THfc  United  States.  2d  edition,  1918.  Con- 
sulting Editor,  B.  F.  Lovelace;  Managing  Editor,  Charles  C.Thomas.  Balti- 
more, Williams  and  Wilkins  Co.  (copyright  1918).     534  pp.,  9  X  6  in.,  cloth,  $5. 

This  directory  is  intended  as  a  comprehensive  review  of  all  matters  relating  to 
industrial,  techmcal,  and  scientific  chemical  development  in  the  United  States.  It 
contains  lists,  classified  by  subiect  and  location,  of  manufacturers  and  dealers  in 
chemicals  ana  allied  products  and  in  equipment;  a  geographical  directory  of  industrial, 
institutional,  federal^  state,  municipal,  and  commercial  laboratories  j  a  list  of  technical 
and  scientific  societies  of  the  world,  and  bibliographies  of  technical  and  scientific 
journals,  and  of  the  important  new  books  of  1917-1918.  A  "News  and  Notes" 
section  completes  the  work.  This  second  issue  is  approximately  twice  as  large  as  the 
first.  ^ 

The  Atomic  Weights  of  Boron  and  Fluorine.  By  Edgar  F.  Smith  and  Walter 
K.  Van  Haagen.  Wash.,  Carnegie  Institution,  1918.  65  pp.,  4  illiis.,  4  tab., 
10  X  7  in.,  paper,  $1. 

The  authors  describe  in  detail  their  work  upon  the  atomic  weight  of  boron  and 
give  a  recalculation  of  that  of  fluorine,  based  upon  their  new  value  for  boron.  This 
latter  value  is  considerably  lower  than  that  hitherto  accepted. 

Graphic  Charts  for  the  Business  Man.     By  Stephen  Oilman.     Chic,  LaSalle 
Extension  University,  1918.     62  pp.,  56  illus.,  9  X  6  in.,  paper. 
A  pamphlet  showing  the  value  of  charts  in  presenting  statistical  data,  and  de- 
scribing some  of  the  varieties  used  in  business. 

Hendrick's  Commercial  Register  of  the  United  States  for  Buters  and  Sellers. 
With  which  has  been  incorporated  "The  Assistant  Buyer."  Especially  devoted 
to  the  Interests  of  the  Electrical,  Engineering,  Haitlware,  Iron,  Mechanical, 
Mill,  Mining,  Quarrying,  Chemical,  Railroad,  Steel,  Architectural,  Contracting, 
and  Kindred  Industries.  A  Complete  and  Reliable  Annual  Register  of  Pro- 
ducers, Manufacturers,  Dealers,  and  Consumers  Connected  with  the  Aforesaid 
Industries.  N.  Y.,  S.  E.  Hendricks  Co.,  Inc.  (copyright  1918).  2381  pp., 
10  X  8  in.,  cloth,  $10. 

This  register  of  producers,  manufacturers,  dealers,  and  consumers  connected 
with  the  engineering  and  industrial  activities  of  the  country  has  been  carefully  re- 
vised and  corrected.  The  firms  included  are  listed  alphabetically  and  also  carefully 
classified.  A  section  containing  trade  names  and  brands,  with  the  names  of  manu- 
facturers, forming  a  convenient  ready  reference  list  for  purchasers,  is  a  distinctive 
feature. 

Mill  and  Cyanide  Handbook.  Comprising  Tables,  Formulae.  Flow-sheets,  and 
Report  Forms,  Compiled  and  Arranged  for  the  Use  of  Metallurgists,  Mill-men, 
and  Cyanide  Operators.  By  W.  A.  Allen.  Lond.,  Charles  Griffin  and  Co., 
Ltd. ;  Phila.,  J.  B.  Lippincott  Co.,  1918.  10  +  128  pp.,  7  X  4  in.,  cloth,  $2.  (Gift 
of  J.  B.  Lippincott  Co.) 

The  author  has  tabulated  the  physical,  chemical,  and  mechanical  data  needed  by 
mill-men,  in  a  volume  of  convenient  size,  well-indexed.  A  glossary  of  mill  and 
cyanide  terms  is  included. 

Modern  Shifbuildinq  Terms  Defined  and  Illustrated.  Including  a  Series  of 
Photographs  Showing  the  Progressive  Steps  of  Construction,  Together  with  an 
Appendix  on  Electric  Welding.  By  F.  Forrest  Pease.  Phila.  and  Lond.,  J.  B. 
Lippincott  Co.  (copyright,  1918).     143  pp.,  68  pi.,  8X5  in.,  cloth,  $2. 

This  work  contains  a  glossary  of  the  more  common  words  and  phrases  used  in 
building  a  steel  ship;  a  list  of  shipyard  trades  and  the  duties  performed  by  each;  a 
series  of  instruction  charts  on  electric  welding;  a  list  of  symbols  used  on  plans  and 
parts;  a  description  of  the  Isherwood  system  of  shipbuilding;  directions  for  the  use 
of  acetylene,  hydrogen,  and  oxygen  for  cutting  and  welding;  and  a  select  list  of  books 
on  ship  construction  and  equipment.  The  plates  illustrate  the  construction  of  a 
ship  by  the  usual  methods,  the  construction  of  the  "fabricated"  ship,  and  the  tools, 
machines,  and  installations. 

OxwELDiNG  and  Cutting.  Manual  of  Instruction.  [Compiled  by  the  Oxweld 
Acetylene  Company,  Jersey  City,  N.  J.]  1st  edition  (copyright  1918).  124  pp., 
illus.,  8X5  in.,  paper. 

The  manual  describes  the  apparatus  and  the  methods  of  using  it  and  gives  a  series 
of  practice  problems  illustrating  correct  methods  of  meeting  those  that  occur  in 
shops  where  oxy-acetylene  is  used  for  cutting  and  welding. 
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MEMBERSHIP 

New  Members 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Dec.  10,  1918,  to  Jan.  10,  1919. 

Adams,  W.  W.,  Mine  Supt.,  Cia.  Minera  Paloma  y  Cabrillas,  Higueras,  Coah.,  Mexico. 
A^VKENY,  Clement  W.,  Golden  Cycle  Min.  &  Reduction  Co.,  Cx>lorado  Springs,  Colo. 

AsGUE,  William  H Mech.  Engr,  Ohio  Brass  Co.,  Mansfield,  Ohio. 

Abthur,  Walter Chem.  and  Met.,  Garford  Motor  Truck  Co.,  Lima,  Ohio. 

Bangseh,  William,  Supt.,  Treatment  Dept.,  Bethlehem  Steel  Co.,  Bethlehem,  Pa. 

Beach,  C.  S Asst.  Supt,  and  Engr.,  Kemmerer  Coal  Co.,  Frontier,  Wyo. 

Beaver,  A.  B.,  Chem.  and  Engr.  of  Tests,  National  Cash  Register  Co.,  Davton,  Ohio. 
BoERiEs,  William  J.,  Min.  Engr.,  Gen'l  Mgr.,  American  Zmc  &  Slate  Co., 

Picher,  Okla. 
BoTSFORD,  Clarence  A.,  Acting  Gen'l  Mgr.,  Mogollon  Mines  Co.,  MosoUon,  N.  M. 
BoTSFORD,  George  B.,  Asst.  Supt.,  Sunrise  Iron  Mines,  Colorado  Fuel  &  Iron  Co., 

Sunrise,  Wyo. 
Collins,  George  N.,  Mine  Shift  Boss,  New  York  &  Honduras  Rosario  Min.  Co., 

San  Juancito,  Honduras,  Central  America. 
Cot£,  Homer,  Resident  Engr.,  Arkansas  and  Oklahoma  Dist., 

Central  Coal  &  Coke  Co..  Huntington,  Ark. 
Crichton,  Walter  Creig,  Min.  Engr.,  208  Charleston  National  Bank, 

Charleston,  W.  Va. 
Danford.  Mark  O.,  Cons.  Engr.,  Danford,  Thompson  &  Douglass,  Trinidad,  Colo. 

Gould,  Kicharo  J Gen'l  Mfr.j  Elkhomseam  Collieries  Co.,  Yeager,  Ky. 

Grant,  Frank  E.,  Supt.,  Steam  Shovel  Mmes,  Nevada  Cons.  Copper  Co.,  Ruth,  Nev. 

Hadlet,  Walter  E Asst.  Gen'l  Supt.,  Illinois  Steel  Co.,  Gary,  Ind. 

Hadsell,  Walter  Elias.  . . .  Assayer  &  Chem.,  New  Cornelia  Copper  Co.,  Ajo,  Ariz. 

Heald,  Kenne^th  C Assoc.  GeoL,  U.  S.  Geological  Survey,  Washington,  D.  C. 

Holmes,  Grant Pres.,  Robert  Holmes  &  Bros^  Danville.  111. 

HoRNE,  E.  B.,  Mgr.,  Forge  &  Foundry,  Packard  Motor  Car  Co.,  Detroit,  Mich. 
Jones,  Archibald,  Met.,  .Ajnerican  Steel  <&  Wire  Co.,  828  Frick  Bldg^  Pittsburgh,  Pa. 

Jones,  Fred Supt.,  Portland  Mine,  Portland  Gold  Min.  Co.,  Victor,  Colo. 

KoBAYASHi,  Kenji,  Min.  Engr.,  Nobori-Kawa  Mine,  Mitsui  Min.  Co., 

Nobori-Kawa,  Hokkaido,  Japan. 

McGuiRE,  James  E,  Min.  Engr Grass  Valley,  Cal. 

McIntyre,  Edward  E.,  Cons.  Min.  Engr.,  530  Citizens  National  Bank  Bldg., 

Los  Angeles,  Cal. 

Nelson,  Oscar  L,  Structural  Engr Denver,  Colo. 

Nicholson,  Samuel  D.,  Pres.,  Great  Western  Min.  Co.. 

806  First  National  Bank  Bldg.,  Denver,  Colo. 

Ovnz,  Frank  K Fuel  Engr.,  U.  S.  Bureau  of  Mines,  Seattle,  Wash. 

Parsons,  Raymond  W Survejror,  North  Star  Mines  Co.,  Grass  Valley,  Cal. 

Primrose,  Harry  S.,  Met.  Chem.,  Crittall  Mfg.  Co.  Ltd.,  Manor  Wks., 

Manor  St..  Brain  tree,  Essex,  England. 
Rosexshine,  L.  J.,  Met.,  Sociedad  Esplotadora  de  Caylloma  Consolidada, 

Arequipa,  Peru. 
Sato,  Hisao,  Met.  Engr.,  Kamioka  Mine,  Mitsui  Min.  Co.,  I\inatsu,  Gifu-lcen,  Japan. 
Smith,  Erwin  Weir,  Aast.  Supt.  of  Operations,  Roxana  Petroleum  Co.  of  Okla., 

Box  1235,  Houston,  Tex. 

Thompson,  Hugh  L,  Cons.  Engr Waterbury,  Conn. 

Thompson,  John  I.,  Chief  Engr.,  The  Koppers  Co.,  Union  Arcade  Bld^., 

Pittsburgh,  Pa. 
Westby,.  George  C,  Met.  Engr.,  U.  S.  Metal  Refin.  Co.,  120  Broadway, 

New  York,  N.  Y. 
Wheeler,  Charles  Ha,  Supt.,  Blast  Fui:naces,  Illinois  Steel  Co., 

714  Jefferson  St.,  Gary,  Ind. 
Youtsey,  Floyd  Stephens,  Chief  Engr.,  St.  Louis  Smelt.  &  Refin.  Works, 

National  Lead  Co.,  St.  Francois,  Mo. 
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Associates 

Blue,  Arthur  A 1529  Denniston  Ave.,  Pittsbuigh,  Pft. 

Hamilton,  William,  Foundry  Foreman, 

Newport  News  Shipbuilding  &  Dry  Dock  Co.,  Newport  News.  Va. 

Hartman,  Wiluam Supt.,  National  Cash  Register  Co.,  Dayton,  Ohio. 

Hu,  PoTUAN Asst.  Met.,  Edgewater  Steel  Co.,  Oakmont,  Fb. 

Jones,  Jesse  L Met.,  Westinghouse  Electric  &  Mfg.  Co.,  Pittsburgh,  Fft. 

Levett,  Walker  M.,  Pres.,  Walker  M.  Levett  Co.,  416-421  East  23d  St., 

New  York,  N.  Y. 

Net,  Clyde  Marshall Min.  Engr^  Old  Dominion  Co.,  Globe,  Arix. 

Potter,  G.  C Oil  Geol.,  E.  N.  Gillespie,  Box  1875,  Tulsa,  Okla. 

Shamroth,  C.  W 208  E.  LaSalle  St.,  Chicago,  111. 

Tapp,  Edward Great  Western  Smelt.  &  Refin.  Co.,  Chicago,  111. 

Taylor,  U.,  Brass  Founder,  Robert  Taylor  &  Son,  Spring,  Slater  &  Froice  Sts., 

Paterson,  N.  J. 
Veatch,  James  Sidney,  Sales  Agent,  The  Ohio  Brass  Co.,  536  Downing  St., 

Denver,  Colo. 

VrviAN,  George  F 2d  Lieut.,  212th  Engineers,  Camp  Devens,  Mass. 

Wallace,  Robert  S.  B.,  Foundry  Foreman,  National  Cash  Register  Co., 

Dayton,  Ohio. 
Wood,  James  T.,  Jr.,  Geol White  Sulphur  Springs,  Mont. 

Junior  Associates 

Deutsch.  H.  J. . .  .Technical  Foreman,  Aluminum  Castings  Co.,  Cleveland,  Ohio. 
Peart,  Frederick  L.,  Student,  Mass.  Institute  of  lechnology,  Cambridge,  Mass. 
Samoyloff,  Victor Student,  Mass.  Institute  of  Technology,  Cambridge,  Ma». 

Change  of  Statiis — Associate  to  Member 

JuDsoN,  W.  R.,  District  Mgr.,  Allis-Chalmers  Mfg.  Co.,  Casilla  2653, 

Santiago,  Chile,  South  America. 

Change  of  Status — Junior  Associate  to  Member 

Zimmerman,  S.  H.,  Lieut.,  Co.  A,  107th  Engineers,  32d  Div..  Base  Hospital  No.  67, 

A.  P.  O.  798,  America;^  E.  F.,  France. 

Total  Membership,  Jan.  10,  1919 7177 

Change  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received 
at  the  Secretary's  office  during  the  period  Dec.  10,  1918,  to  Jan.  10, 1919. 

This  list  together  with  the  list  published  in  Bulletins  No.  133  to  145, 
January,  1918,  to  January,  1919,  and  the  foregoing  list  of  new  members, 
therefore,  supplements  the  annual  list  of  members  corrected  to  Jan.  1, 
1918,  and  brings  it  up  to  the  date  of  Jan.  10,  1919. 

Addams,   Charles  E Suncourt  Apts.,  Phoenix,  Ariz. 

Anderson,  Paul  Samuel,  Supt.,  Falls  Creek  Min.  Co.,  Granite,  Idaho, 

via  Hope,  Idaho. 

Armstrong,  Clipton  T Route  6.  Danbury,  Conn. 

Backus,  George  S.,  Care  Minerals  Separation  North  American  Corpn., 

220  Battery  St.,  San  Francisco,  Cal. 
Bates,  Bennett  R.,  Mgr.,  Mineral  Hill  Cons.  Copper  Co.,  Box  1568,  Tucson,  Arii. 

Beard,  John  W 504  E.  Jefferson  St.,  Syracuse,  N.  Y. 

Bernard,  Clinton  P 34  Herriman  Ave.,  Jamaica,  N.  Y. 

Blossom,  Edward  L 63  Wall  St.,  New  York,  N.  Y. 

Blum,  E.  H.,  Atlantic  Oil  Producing  Co.,  American  Exchange  National  Bank  Bldg., 

Dallas,  Texas. 

BoTSPORD,   F,    P Bennett   Mine,   Keewatin,    Minn. 

Braddock,  Homer  F Mt.  Pleasant,  Pa. 

Brain,  Elmer  C,  Pres.,  Throndson  Metals  Savings  Co.,  Box  552,  Kellogg.  Idaho. 

Brunel,  Frank  P 584  West  Iffth  St.,  San  Pedro,  Cal 

Bryant,  George  W Apartado  86,  Guanajuato,  Mexico. 

Brtmer,  George  W Hudson  Coal  Co.  Bldg.,  Scranton,  Pa. 

Buchanan,  Jerome  R 402  Chamber  of  Commerce  Bldg.,  Pasadena,  Cal. 
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fiuoBEE,  Edward  E.,  Asst.  Prof,  of  Min.,  Engr.  &  Met.,  Mass.  Inst.  Technology, 

Boston,  Mass. 

Bush,  H.  E Engelmine,  Plumas  County,  Cal. 

Caples,  Jamxs  Watts,  Mine  Mgr.,  The  Haynes  Stellite  Ck>.,  Cobalt  Camp, 

Leesburg,  Idaho. 

Cablson,  a.  E 618  9th  Ave.,  W.,  Ashland,  Wis. 

Cartwhioht,  F.  O.,  Chief  Clerk,  Braden  Copper  Co.,  Coya,  via  Rancagua, 

Chile,  South  America. 
Chad  WICK,  Lawrence,  Plant  Street,  Charters  Towers,  N.  Queensland,  Australia. 
Chase,  J.  L.,  International  Petroleum  Co.,  Ltd.,  56  Church  St., 

Toronto,  Ont.,  Canada. 

Clausen,  E.  H Apt.  6,  1825  Vernon  St.,  N.  W.,  Washington,  D.  C. 

Clevenqer,  G.  H 1023  16th  St.,  Washington,  D.  C. 

CoGHiLL,  William  H.,  Met.,  U.  S.  Bureau  of  Mines,  University  Campus, 

Seattle,  Wash. 

Cohen,  Maxwell  B Meteorological  Section,  A.  P.  O.,  731  A.,  American  E.  F. 

CoLUNS,  Geobqe  N.,  Care  Mining  &  Scientific  Press,  420  Market  St., 

San  Francisco,  Cal. 

CoRBiN,  J.  Ross Hotel  Green,  Danbury,  Conn. 

Cunningham,  B.  L.,  Cons.  Geol.,  Doheney  Pacific  Petroleum  Co., 

1011  Security  Bldg.,  Los  Angeles,  Cal. 
Davis,  E.  W.,  Office  of  the  Experiment  Station,  University  of  Minnesota, 

Minnesota  School  of  Mines,  Minneapolis,  Minn. 

Dbane,  Willard  a The  Dorr  Co.,  Westport,  Conn. 

De  Deken,  a Instructed  to  hold  everything. 

Dietrich,  W.  F Asst.  Prof,  of  Mining,  Stanford  University,  Cal. 

Eaton,  Lucien,  Supt.  of  Ishpeming  District,  Cleveland-Cliffs  Iron  Co., 

Ishpeming^  Mich. 
EicHRODT,  Charles  W.,  1st  Lieut.,  Intelligence  Service.  151st  Inf.,  38th  Division, 

American  E.  F.,  Care  Postmaster,  N.  Y. 

Emmons,  N.  H.,  2d 309  Madison  Ave.,  Lynchburg,  Va. 

Endweiss,  J.  A.,  Min.  Accountant 842  South  Harvard  Blvd.,  Los  Angeles,  Cal. 

Eulich,  a.  V 472d  Engineers,  Fort  Barrancas,  Pensacola,  Fla. 

Evans,  Milton  R Safety  Engr,  M.  A.  Hanna  &  Co.,  Wilkes  Barre,  Pa. 

Fbnton,  Clarence  M.,  Care  American  Rolling  Mill  Co.^  Box  1381,  Columbus,  Ohio. 
Finxeldbt,  William  H.,  Metallographer,  Research  Division,  New  Jersey  Zinc  Co., 

Palmerton,  Pa. 
FoLBOM,  David  M.,  Mgr.,  Statistical  Dent.,  General  Petroleum  Corpn^ 

Alaska  Commercial  Bldg.,  San  Francisco,  Cal. 

Feaser,   Alexander   J Supt.,    Austerlitz    Mine,    Arivaca,    Ariz. 

Eraser,   Thomas 1110   West   Oregon   St.,   Urbana.   III. 

French,  Bxtrr  J '. West  Branch,  Mich. 

Fry,  Georqe  W.,  Gen'l  Mgr.,  Commonwealth  Public  Service  Co., 

Merchants  National  Bank  Bldg.,  Fort  Smith,  Ark. 

Fuller,  Myron  L Box  1109,  Dallas,  Texas. 

Gahm,  H.  F.  E 154  Carmita  Ave.,  Rutherford,  N.  J. 

Gibson,  Robert  W 300  Pine  St.,  Anaconda,  Mont. 

Gilbert,  Donald  C Kennecott  Copper  Corpn.,  Kennecott,  Alaska. 

Grant,  Ulysses  S.,  IV 27  West  44th  St.,  New  York,  N.  Y. 

GuYZR,  Raymond,  Gen'l  Mgr.,  Rex  Cons.  Mining  Co.,  218  Symons  Bldg., 

Spokane,  Wash. 

Hamann,  W.  a.,  Jr 118  Urban  St.,  Mount  Vernon,  N.  Y. 

Hambleton,  James  W.,  Min.  Engr.  &  Ore  Buyer,  Cons.  Engr., 

International  Exchange  &  Commission  Co.,  212  West  2d  St.,  El  Paso,  Texas. 

Hamilton,  Walter  R Pomeroy  &  Hamilton,  803  Mayo  Bldg.,  Tulsa,  Okla. 

Harrison,  G.  E Care  The  McKinney  Steel  Co.,  Crystal  Falls,  Mich. 

Hayden,  Wallace  H 101   North  St.,   Batavia,   N.   Y. 

Hedges,  J.  H Prince  Cons.  M.  &  S.  Co.,  Pioche,  Nev. 

Henniger,  Waldemar  F Pet.  Geol.,  Gulf  Production  Co.,  Fort  Worth,  Texas. 

Here,  Nathaniel. 45  Sheldon  Terrace,   New  Haven,   Conn. 

HiGAsm,  Sentaro,  Mitsubishi  Kogyo  Kenkiusho,  Gongendai,  Shinagawa, 

Tokyo,  Japan. 

Hill,  Walter  H 712  Hays  St^  Boise,  Idaho. 

BxLL,  William  J 2d  Lieut.,  School  of  I-^e,  Fort  Sill,  Okla. 

Hikes,  P.  R Min.  Dept.,  Allis  Chalmers  Mfg.  Co.,  MUwaukee,  Wis. 

HoDOKiNsoN,  Harold  H 30  West  44th  St.,  New  York,   N.   Y. 
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HosKiN,  Arthuk  J. 411  Chamber  of  Commerce  Bldg.,  Denver,  Colo 

HouLEi  Albbbt  J.f  Min.  Engr.,  Morenci  Branch,  Phelps-Dodge  Corpn.,  Morenci,  Ariz. 

HonssR,  J.  N American  Zinc,  Lead  &  Smelt.  Co.,  Mascot,  Tenn. 

Htder,  Frederick  Borbx,  Min.  Engr.,  U.  8.  Bureau  of  Mines, 

Room  2114,  New  Interior  Bldg.,  Washington,  D.  C. 

Jess,  John  A Cons.  Engr.,  Forest  Products  Laboratory,  Madison,  Wis. 

Johnston,  Fred  Lucian,  Div.  Engr.,  Acid  Div.,  Du  Pont  Engineering  Co., 

WUmington.  Del. 

Kendall,  Mesbmorb 120  Broadway,  New  York,  N.  Y. 

KicHUNE,  Frank  O Lebanon  Plant^Bethlehem  Steel  Co.,  Lebanon,  F^. 

Kohl,  E.  William,  Jr 1522  West  Lehigh  Ave.,  Philadelphia,  Pa. 

KoNSELMAN,  ALBERT  S Cananea  Cons.  Copper  Co.,  Cananea,  Sonora,  Mexico. 

Kraut,  Max,  Met.  &  Min.  Engr.,  Southwestern  Engineering  Co.,  Inc., 

1221  Hollingsworth  Bldg.,  Los  Angeles,  CaL 

Kroeger,  Adolph  C 455  Vernon  St.,  Oakland,  Cal. 

Ladoo,  Katmond  B.,  2322  Massachusetts  Ave.,  Cambridge,  Mass. 

Care  F.  A.  Keniston. 
Lane,  James  A.,  Sgt.,  Headquarters  Co.,  11  Regt.,  U.  S.  Marines, 

American  E.  F.,  Care  Postmaster,  N.  Y. 

Lasner,   David 423  Bond  St.,   Elizabeth,   N.  J. 

Laughun,  S.  W Box  163,  Miami,  Ari«. 

Lesniak,  S.  W.,  Great  National  Mexican  Smelt.  Co.,  La  Reforma,  Coah., 

Est.  San  Juan,  via  Cuatro  Cienegas,  Mexico. 
Locke,  Preston,  Resident  Min.  Engr.,  American  Smelting  &  Refin.  Co., 

705-«  White  Bldg.,  Seattle,  Wash. 
Love,  James  W.,  Lieut.,  347th  Field  Artillery,  American  E.  F.,  Care  Postmaster,  N.  Y. 
Lucky,  M.  C,  Jr.,  1st  Lieut.,  4th  Div.,  47th  Infantry,  American  E.  F., 

Care  Postmaster,  N.  Y. 

Lupton,  Charles  T Box  1106,  Casper,  Wyo. 

Lyons,  Robert  P.,  1st  Lieut.,  525th  Engineers,  American  E.  F., 

Care  Postmaster,  N.  Y. 
McCrorken,  Eugene  P.,  Ensign,  Naval  Aviation,  Bureau  of  Steam  Engrg., 

Washington,  D.  C. 

MacFarland,  a.  Frederic 1125  North  Pine  Ave.,  Chicago,  DL 

Macy,  G.  D The  Ohio  Cities  Gas  Co.,  Sistersville,  W.  Va. 

Marble,  Ralph  N.,  Jr Mahoning  Ore  &  Steel  Co.,  Hibbing.  Minn. 

Martin,  Jacob  A 2047  Carabell  Ave..  Cleveland,  Ohio. 

Merritt,  Floyd  C,  Aetna  Mining  &  Investment  Co.,  321  Felt  Bldg., 

Salt  Lake  City,  Utah. 
Meybrs,  William  R.,  1st  Lieut.,  Engr.  R.  C,  American  E.  F., 

Care  Postmaster,  N.  Y. 
Miller,  Arthur  J.,  Stimpson  Equipment  Co.,  318  Felt  Bldg.,  Salt  Lake  City,  Utah. 

Miller,  Donald  G Tyrone,  N.  M. 

MiLYKO,  Alexander 946  College  Ave.,  New  York,  N.  Y. 

Nakamura,  Hajime Furukawa  Mining  Co.,  Marunouchi,  Tokyo,  Japan. 

Nicholson,    Francis Joplin,   Mo. 

Nieding,  Burton  B Care  United  Verde  Extension  Co.,  Jerome,  Arii. 

North,    Alfred    C Instructed    to    hold    everything. 

Norton,  Paul  T.,  Jr Hotel  Seneca,  Columbus,  Ohio. 

Oppicer,  Herbert  G 4  West  43d  St.,  New  York,  N.  Y. 

Olmstead,  S.  G • .  Room  412,  Doolev  Block,  Salt  Lake  City,  Utah. 

O'Nealb,  M.  L Mine  &  Mill  Supt.,  New  York  Pyrites  Co.,  Gouvemeur,  N.  Y. 

Palmer,  Charles  H.,  Jr Capt.,  Engr.  Corps,  U.  S.  A.,  Washington,  D.  C. 

Parke,  William  G Room  205-7,  114^  West  Market  St.,  Pottsville,  Pa. 

Patterson,  S.  B.,  Jr 138  North  8th  St.,  Allentown,  Pa. 

Pembroke,  Earl  Richard Keams  Bldg.,  Salt  Lake  City,  Utah. 

Perry,  Ralph  G 905  West  California  St.,  Urbana,  111. 

Platt,  James  M Care  Cia.  Min.  La  Blanca  y  Anexas,  Pachuca,  Hgo.,  Mexico. 

Price,  Harry  B 228  Pemberton  Bldg.,  Victoria,  B.  C.,  Canada. 

Randall,  Charles  A.,  Mgr.,  Dome  Lake  Min.  &  Mill.  Co.,  Ltd., 

South  Porcupine,  Ont.,  Canada. 
Read,  J.  Burns,  Capt.,  Ord.  R.  C,  Inspection  Div., 

3120  Mount  Pleasant  Ave.,  N.  W.,  Washington,  D.  C. 

Read,  Thomas  T 594  Upper  Mountain  Ave.,  Montclair,  N.  J. 

Reber,  W.  H.,  Warrant  Machinist,  U.  S.  Navy  Steam  Engr.  School,  Hoboken,  N.  J. 
Reed,  Charles  H Urad  Mine,  Primos  Exploration  Co.,  Empire,  Colo. 
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RjsTTiEy  William  Hendebson,  Forminiere,  Tshikapa,  Kasai,  Congo  Beige,  Africa. 

Retndbbs,  John  V.  W Room  3048,  120  Broadway,  New  York,  N.  Y. 

RicHABDS,  George  M.,  Min.  Engr 28  West  46th  St..  New  York,  N.  Y. 

Robinson,  E.  W 720  Ernest  &  Cranmer  Bldg.,  Denver,  Colo. 

RoRK,  Frank  C Box  442,  Clifton,  Ariz. 

RuEBEL,  E.  H.,  Chief  Chera.,  National  Zinc  Co.,  Packers  Station, 

Kansas  City^  Kansas. 

Sacket,  Charles  T Major,  213th  Engineers,  Camp  LewiSj  Wash. 

Sapper,  C.  Floyd Hercules  Powder  Co.,  Kenml,  N.  J. 

Sawter,  Arthur  H 689  Mass.  Ave^  Cambridge,  Mass. 

ScHBURER,  L.  R Box  629,  l5)lla.  Mo. 

Schleifer,  K.  a 809  Bloomfield  St.,  Hoboken,  N.  J. 

Schmidt,  Caspar  Anthony Box  1860,  Denver,  Colo. 

ScBHiDT,  Henry  C The  Rosemont,  Apt.  12,  El  Paso,  Texas. 

ScHOFiELD,  Walter  D 2  Colchester  Apts.,  Oolorado  Springs,  Colo. 

Semple,  C.  Carleton Peruvian  Copper  &  Smelt.  Co.,  Jauja,  Peru. 

Shaw,  S.  F 226  Argyle  Ave.,  San  Antonio.  Texas. 

Silvester,  George  E.,  Asst.  to  Pres.,  International  Nickel  Co.  of  Canaaa,  Ltd., 

Harbor  Commission  Bldg.,  Toronto,  Ont..  Canada. 

Smale,  Frank  L 703  26th  Street,  San  Diego,  Cal. 

Smith,  Bert  F Care  Creede  Exploration  Co.,  Creede,  Colo. 

Smith,  Veleair  C,  Min.  Geol.  and  Asst.  Assayer,  Lucius  Pitkin  Inc.,  47  Fulton  St., 

New  York,  N.  Y. 
Snow,  Frederick  W.,  Care  U.  M.  H.  K.,  Elisabethville,  Katanga, 

Congo  Beige,  Africa,  via  Cape  Town  &  Rhodesia. 
Spencer,  Marshall  G^  Electric  Steel  Co.  of  Indiana,  Box  327,  Indianapolis,  Ind. 

Stadtmueller,  Karl  C 34  Girard  Ave.,  Hartford,  Conn. 

Stephenson,  E.  A 5485  Ellis  Ave.,  Chicago,  111. 

SncKNEY,  AI.FRED  W.,  Care  Ijctysh  Corporation,  Pinners  Hall, 

Austin  Friare,  London,  E.  C.  2,  England. 

Stratton,  William  C 110  North  Cfhestnut  St.,  Scottdale,  Pa. 

Sullivan,  Clarke 5835  Ocean  View  Drive,  Oakland,  Cal. 

SwBETBER,  Arthxtr  L.,  Min.  &  Chem.  Engr.,  The  Penyon  Sjoidicate, 

Antofagasta,  Chile. 

Thoenen,  J.  R Supt.,  Indiana  Fluorspar  &  Lead  Co.,  EvansvUle,  Indiana. 

Thompson,  Warren  D Harvard  Club,  27  West  44th  St.,  New  York,  N.  Y. 

Thurmond,  F.  LbRoi 3008  Alki  Ave.,  Seattle,  Wash. 

Thurston,  E.  Copp^b 6804  Brookville  Road,  Chevy  Chase,  Md. 

Toyoda,  Hidekane,  Furukawa  Min.  Co.,  Marunouchi,  Kojimachi-ku,  Tokyo,  Japan. 

Triplett,  Walter  H 5727  Colorado  Ave.,  Washington,  D.  C. 

TsAi,  HstANQ Han-yeh-ping  Iron  &  Coal  Co.,  Ltd.,  Tayeh,  China. 

Turner,  Albert  A Britannia  Mining  Co.,  Cuba  71,  Havana,  Cuba. 

Van  Siclbn,  Matthew 136  West  44th  St.,  New  York,  N.  Y. 

Velasco,  L.  1 2613  Maryland  Ave^   Baltimore,   Md. 

Wabchter,  L  Edmund Chem.  &  Met.,  Carnegie  Steel  Co.,  Youngstown,  Ohio. 

Walker,  W.  Lester 608  Carter  Bldg.,  Houston,  Texas. 

Warren,  S.  Power,  Mill  Supt.,  The  Colorado  Central  Mines  Co.,  Georgetown,  Colo. 

Weeks,  L.  G Min.  Geol.,  Chilton.  Wis. 

Wbllman,  W.  H Supt.  Concentrator,  85  Mining  Co.,  Valedon,  N.  M. 

Wheblock,  C.  E C.  Q.  M.  Naval  Proving  Ground. 

White,  Joseph  L Field  Engr.,  Cons.  Arizona  Smelt.  Co.,  Humboldt,  Ariz. 

WicKSTROM,  Clarence  L 415  16th  Ave.,  North,  Seattle,  Wash. 

Williams,  Edward  I.,  Min.  Engr.,  General  Chemical  Co.,  25  Broad  St.. 

New  York  N.  Y. 
Willlamson,  F.  O.,  Western  Sales  Mgr.,  Smith  Engr.  Works,  and  T.  L.  Smith  Co.' 

645  Old  Colony  Bldg.,  Chicago,  111. 

WiLLSON.  Harold  E.,  Civ.  and  Min.  Engineer Quinnimont,  W.  Va. 

Wiser,  Ob  a Pres.,  Republic  Min.  &  Mill.  Co.,  Hanover,  N.  M. 

Yardley.  John  L.  McK.,  Westinghouse  Electric  &  Mfg.  Co.,  East  Pittsburgh.  Pa. 
Yates,  A.,   14  Winchester  Ave.,  Sedgley  Park,  Prestwich,  Manchester,  England. 

Yeatbcan,'  Pope 1118  Spruce  St.,  Philadelphia,  Pa. 

Yewell,  p.  R Student,  Stanford  University,  Cal. 

Ziegleh,  Frank  K Bee  Ridge,  Fla. 
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Members'  Addresses  Wanted 

Name.  Last  address  of  Record  from  which  Mail  has  been  returned. 

ARiiSTRGNO,  E.  W Mina  Bibilonia,  La  Libertad,  Nicaragua,  C.  A. 

Bacon,  Maurice  W 726  Old  National  Bank  Building,  Spokane,  Wash. 

Bird,    Frank    H Butler   Hotel    Seattle,    Wash. 

Blanchard,   Ralph  C 3  Lombard  St.,  London,   England. 

Boyer,  SAinTEL  E San  FranciscQ,  CaL 

Breeding,    F.    O Eden    Min.    Co.,    Bluefields,    Nicaracua. 

Detert.    Wiluam   F Jackson,   Amador   Co.,  Cal. 

Herr,  J.  Campbell Box  556,  State  College,  Pa. 

Hughes,  Wilson  W Care  Lloyd's  Bank,  Forrey,  CornwaULEng. 

Hunter,  Charles,  Royal  Colonial  Institute,  Northumberland  Ave.,  London.  W., 

England. 

HuRUM,   Fredrik   J.    O Westmorley   Court   CambTidf;e,  ldaa&. 

Kammerer,    Charles Box    412,    San    Francisco,    CaL 

EIat,   David  Nelson Ray  Cons.  Copper  Co.,  Hayden,  Arii. 

King,  Frank  E Hotel  Breslin,  New  York,  N.  Y. 

Klebsattel,  Richard 911  White  Bldg.,  Seattle,  Wash. 

Klugescheid,  Walter  P 616  W.  113th  St.,  New  York,  N.  Y. 

Sticknet,  William  H 708  N.  Center  St.,  Reno,  Nev. 

Tapun,  Thomas  J.,  Jr 16  Lordship  Park,  London  N.  16,  England. 

Tingley,  T.  W Beutree,  W.  Va. 

Treat,  Lloyd  B.,  Canadian  Ingersoll-Rand  Co.,  Bank  of  Toronto  Bldg., 

Montreal,  Canada. 

Wong,  Yin  Charles ^^^  ^^' 

Woo,  W.  K M  70  Sing  Kong  Li,  Minghong  Road,  Shanghai,  China. 

Necrology 

(See  abo  "Died  in  Service") 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  month  Dec.  10,  1918,  to  Jan.  10,  1919. 

Date  of 
Election.  Name.  Date  of  Death. 

1914  Barren,  Harry  B Mar.  18,  1918. 

1917  Brook,  N.  W Oct.   24,  1918. 

1895  Carter,  Palmer Dec.    4,  1918. 

1915  Harbach,  Herbert  Moore Dec.    6,  1918. 

1893  Johnson,  Charles  H Dec.  10,  1918. 

1916  Lang,  Sidney  A Oct.  —,  1918. 

1881  McLanahan,  J.  King Dec.  13,  1918. 

1913  Pitman,  S.  M Dec.  16,  1918. 

1914  Potter,  Winfield  S Jan.     3,  1919. 

1902        Randolph,  Edward Oct.   11,  1918. 

1871        Raymond,  R.  W Dec.  31,  1918. 

1914        Rodgers,  S.  M Sept.  — ,  1918. 

1917  Schubert,  Robert Sept.    7,  1918. 

1888        Stein,  Walter  M Sept.  10,  1918. 

1914        Steindler,  Eugene  L Oct.     2,  1918. 

1917        Stewart,  A.  K Nov.  22,  1918. 

1887        Wilson,  Elliott  H Nov.  27,  1918. 

1880        Woodbury,  L.  S Nov.  27,  1918. 

Candidates  for  Membership 

Application  for  MEiiCBERSHiP. — The  Institute  desires  to  extend  its  privileges  to 
every  person  to  whom  it  can  be  of  service.  On  the  other  hand,  it  is  not  desirable  that 
persons  should  be  admitted  to  membership  in  classes  for  which  they  are  not  qualified. 
Members  of  the  Institute  can  be  of  great  service  if  they  will  make  a  practice  of  glanc- 
ing through  the  list  of  applicants  and  promptly  notifying  the  Committee  on  Member- 
ship, or  the  Secretary  of  the  Institute,  of  any  persons  whom  they  think  should  not  be 
classified  in  accordance  with  the  list  given. 
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Applications  Lacking  EndorBemerd 

Application  for  membership  has  been  received  from  Mr.  Brink, 
whose  record  is  given  below.  This  application  lacks  the  necessary 
number  of  endorsers,  but  since  this  candidate  lives  at  some  distance  from 
the  headquarters  of  the  Institute,  his  record  is  published  here  in  order 
that  any  members  who  are  acquainted  with  him  may  be  advised  of  the 
circumstances  and  may  have  an  opportunity  of  writing  to  the  Secretary 
endorsing  this  candidate. 


Mernbera 

Cyril  Gordon  Brinks  Transvaal,  So.  Africa. 

Bom  1889,  Grahamstown,  So.  Africa.  1900-05,  High  School.  1906-07,  St. 
Andrews  School,  1908-09,  Chem.,  Rhodes  Univ.,  Grahamstown.  1910-15,  In  Re- 
duction Wks.,  Norse  Gold  Mines,  Ltd.,  Johannesbui^.  1915-17,  Leading  Shiftsman, 
and  in  chg.  of  reduction  wks.,  Fairview  gold  mine,  Transvaal  Cons.  Mines. 

Present  position — 1917  to  date:  Reduction  Officer,  Fairview  Devonian  Montrose 
Gold  Mines,  Ltd. 

The  following  persons  have  been  proposed  during  the  period  Dec.  10, 
1918,  to  Jan.  10,  1919,  for  election  as  members  of  the  Institute.  Their 
names  are  published  for  the  information  of  Members  and  Associates, 
from  whom  the  Committee  on  Membership  earnestly  invites  confidential 
communications,  favorable  or  unfavorable,  concerning  these  candidates. 
A  suflScient  period  (varying  in  the  discretion  of  the  Committee,  accord- 
ing to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 

Cailos  Alayza  y  Roel,  Lima.  Peru. 

Proposed  by  Myron  R.  Walker,  J.  H.  W.  Murdock,  Luis  F.  Diaz.  ^ 

Bom  1878,  Lima,  Peru.  1895-1900,  School  of  Engineers  of  Lima.  1901,  Pros- 
pecting. 1902-04,  Assayer  and  Engr.,  Cia.  Cailloma  Silver  Min.  Co.  1904,  Study  of 
the  highway  from  Iroya  to  Farma.  1905,  Study  of  the  railroad  from  Jonaii  to  Mag- 
dalcna,  as  Adjutant.  1905-07,  Mgr.,  El  Ebro  mine.  1907-09,  In  chg.  of  mine  of 
the  Delieacion  de  Huancayo.  1910-12,  Inspector  of  coal  mines,  Goyllarisquisga 
and  Quishuarcancha. 

Pnesent  position — 1912  to  date:  Mgr.,  Cia.  Miniere  Rosario  y  San  Lorenzo. 

Maurice  Ernest  Altmayer,  Paris,  France. 

Proposed  by  H.  O.  Hofman,  Carle  R.  Hayward,  Charles  E.  Locke. 

Bom  1871,  Paris,  France.  1895,  Ecole  Centrale  des  Arts  et  Mfrs.  189^-99, 
Various  positions  in  mines  in  U.  S.  and  Mexico.  1899-1902,  Electrometallurgy, 
Leeds  Copper  Works,  England.  1902-07,  Cons.  Engr.,  Algeria  and  France.  1908-12, 
Managing  Eirector  of  company  connected  with  mining  in  the  French  colonies. 

Present  position — 1912-18:  On  staff  of  consulting  engineers  of  the  Bank  of  Parie, 
and  Pays  Bas,  Rue  d'Antin. 

James  Jefferson  Beaver,  Bessemer,  Ala. 

Proposed  by  Clarence  E.  Abbott,  H.  S.  Salmon,  Carl  F.  Schaber. 

Bom  1886,  Oakman,  Ala.  1906-10,  Alabama  Polytechnic  Inst.,  B.  S.  1910-11, 
Tr&nsitman.  1911-12,  Asst.  Mine  Foreman.  191?,  Transitman  and  Asst.  Engr., 
W.  I.  Co.,  Benemer,  Ala.  1912-13,  Rodman  and  drafting.  1913,  Asst.  Engr., 
CoDstr.,  and  Rodman.  1913-17,  Transitman  and  Asst.  Engr.,  Tennessee  Coal  Iron 
k  R.  R.  Co.,  Eiessemer,  Ala. 

Present  position — 1917  to  date:  Div.  Engr.,  Tennessee  Coal  Iron  &  R.  R.  Co. 
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denry  Graliam  Boulton*  Seattle,  Wash. 

Proposed  by  Milnor  Roberts,  Henry  Landes,  Charles  E.  Weaver. 

Bom  1893,  Russell,  Manitoba,  Can.  1917,  Univ.  of  Washington,  Seattle,  Wash., 
B.  S.  1909-11,  Draftsman  in  offices  of  Somervell  &  Cote,  architects,  Seattle.  1916, 
Mininf^,  Standard  Mine,  Greenhill  Cleveland  Co.,  Mace,  Idaho.  1917,  Asst.  Geol., 
Canadian  Geol.  Survey,  in  Yukon  Terr.,  Canada.  1918,  Min.  Engr.,  Mackey  Min. 
Co.,  Newsome,  Idaho;  head  offices  1540  W.  46th  St.,  Seattle,  Wash. 

Present  position :  Engaged  at  steel  shipbuilding  plant,  Skinner  &  Eddy  Corp. 

Milton  Kerr  Campbell,  Jr.,  Pomona,  Cal. 

Proposed  by  Frazuc  L.  Stack,  Don  C.  Billick,  A.  B.  Foote. 

Bom  1891,  Harlan,  Iowa.  1908-09,  Tabor  College,  Tabor,  Iowa.  1909-14, 
Univ.  of  California,  B.  S.  1911,  Oiler  on  gold  dredges,  Natomas  Consolidated, 
Natomas,  Cal.  1912,  Underground  work,  North  Star  mine,  Grass  Valley,  Cal. 
1912-13,  Cost  accountant  and  mine  bookkeeper,  Midas  Gold  Mm.  Co.,  Knob,  Shast-a 
County,  Cal.  1914,  Asst.  Engr.-  and  Assay er.  North  Star  mine,  Grass  Valley,  Cal. 
1914-15,  Asst.  to  Supt.,  Estaca  Min.  Co.,  Contra  Estaca,  Sinaloa,  Mex.  1915-16, 
Shift  boss,  San  Luis  Min.  Co.,  Tayolita,  Durango,  Mex.  1916,  Ajsst.  Engr.,  North 
Star  mine,  Grass  Valley,  Cal.  1916-17,  Sampling  Inspector,  Backus  &  Johnston 
Co.,  Casapalca,  Peru.  1917-18,  Foreman,  leaching  plant  and  blast  furnace,  Chile 
Exploration  Co.,  Chuquicamata,  Chile. 

Present  position :  Warrant  Machinist,  U.  S.  N.  A. 

Joseph  S.  Comerford,  Wilmington,  Del. 

Proposed  by  A.  S.  Hummell,  John  H.  Hall,  Clement  Le  Boutillier. 

Bom  1891,  U.  S.  A.  1908,  High  School,  High  Bridge,  N.  J.  1912,  Grad.,  General 
Chem.,  International  Correspondfence  School.  1908-11,  First  Asst.  Chem.,  Taylor- 
Wharton  Iron  &  Steel  Co.,  High  Bridge,  N.  J. 

Present  position — 1911  to  date:  Chem.  and  Met.,  American  Manganese  Steel  Co., 
New  Castle,  Del. 

W.  G.  Cooper,  Stanford  University,  Cal. 

Proposed  by  J.  F.  Newsom,  C.  F.  Tolman,  Jr.,  D.  M.  Folsom. 

Bom  1891,  Eiireka.  Cal.  1909-14,  Stanford  Univ.,  A.  B.  1912-14,  Asst.  in 
Mineralogy,  Stanford  Univ.  1914-15,  Field  Engr^  Yukon  Gold  Co.,  Alaska.  1916- 
18,  Field  Engr.^  Soci6t6  Forestiftre  et  Mini^re  du  Congo,  Africa. 

Present  position :  Engaged  in  petrographic  work,  Stanford  University. 

Shepard  Gilbert  Emilio,  Bingham  Canyon,  Utah. 

Proposed  by  T.  A.  Janney,  J.  A.  Norden,  V.  S.  Rood. 

Bora  1886,  Salem,  Mass.  1903-07,  Grad.,  Mass.  Inst.  Tech.,  S.  B.  1907-08, 
Asst.  Engr.,  gen'l  engrg.  office  and  field  work.  Old  Dominion  Copper  Min.  &  Smelt. 
Co.  1909,  Cost  Clerk  and  some  chemical  analysis.  Independent  Foundiy,  Portland, 
Ore.  1909-15,  Intermittently  employed,  gen'l  engrg.  office  and  field  work  in  railroad 
and  canal  location  and  constmction  ana  land  surveying,  etc.,  Oregon  Lumber  Co., 
Mt.  Hood  R.  R.,  Dee  Irrigation  &  Power  Co.,  West  Bros.  1916,  Asst.  Engr.,  Shift 
Boss,  Asst.  to  Mine  Foreman,  Engr.,  Utah  Apex  Min.  Co.,  Bingham,  Utah. 

Present  position:  Min.  Engr.,  Utah  Apex  Min.  Co. 

Francis  Benedict  Foley,  Pittsburgh.  Pa. 

Proposed  by  Charles  Y.  Clayton,  liorsey  A.  Lyon,  H.  Foster  Bain. 

Bom  1887,  Germantown,  Pa.  1894r-1904,  Girard  College.  1905-09,  Clerical. 
190^17,  Research  Dept.  1913-17.  Charge  of  heat  treating,  photomicrography, 
pyrometnc  installation,  and  thermal  analysis,  Midvale  Steel  Co.,  Philadelphia,  Pa. 
1917-18,  Asst.  in  Dept.  of  Metallography,  Univ.  of  Minnesota. 

Present  position — 1918  to  date:  Met.,  U.  S.  Bureau  of  Mines. 

Nathan  Henry  Gellert,  Wayne,  Pa. 

Proposed  by  C.  W.  Van  Law,  Albert  A.  Heimrod,  Linn  Bradley. 

Bom  1889,  Baltimore,  Md.  1910,  Yale  University,  B.  A.,  also  hold  Ph.  B.  and 
C.  E.  1914-16,  Graduate  work,  Yale  Univ.  1910-14,  American  Gas  Co.  of  Phila.. 
Chester,  Pa.  and  Jenkintown,  ra.  1911-12,  Asst.  Engr.^  Whetstone  &  Co.;  Chief 
Engr.,  Key  West  Gas  Co.  1912-14,  Engr.,  Public  Service  Constmction  Co.,  San 
Juan,  P.  R.  1914,  Mngng.  Engr.,  International  Gas  &  Electric  Co.  1916-17,  H 
Ives  Corporation.     1917-18,  Cons.  Engr. 

Present  position — 1918  to  date:  IVes.,  Gellert  Engineering  Co. 
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Mooshegh  Horhanness  Geumlek,  Tyrone,  N.  M. 

Proposed  by  Frank  B.  Harris,  Stephen  L.  Kafifer,  Eugene  N.  Sawyer. 

Born  1893,  Marsovan,  Armenia.  190^12,  Anatolia  College.  1914>16,  Wis- 
consin Mining  School.  1916-17,  Millman,  Sally  Mining  Co.,  zinc  and  lead  concentra- 
tion plants.     1917,  Millman,  Vinegar  Hill  Zinc  Co. 

msent  position — 1917  to  date:  Mine  Engineer,  Phelps-Dodge  Corporation, 
Burro  Mountain  Copper  Co.  Branch. 

Millard  F.  Gibson,  Toronto,  Ont.,  Canada. 

Proposed  by  George  R.  Rogers,  Reginald  E.  Hore,  C.  W.  Knight. 

Bom  1883,  La  Peer,  Mich.  1909.  Ohio  State  Univ.,  C.  E.  1902-09,  Research 
work;  and  with  Columbus  Hocking  Coal  &  Iron  Co.,  mine  surveys  and  fuel  reports, 
National  Fire-proofing  Co.  1909-10,  Install atioii,  producer  gas-nred  plants.  1910- 
12,  Gen'l  Supt.,  mines  and  factories.  National  Fire-proofing  Co.,  Onio.  1912-16, 
Geni  Supt.,  National  Fire-proofing  Co.,  Canada. 

Present  position — 1916  to  date:  Gen'l  Mgr.,  National  Fire-proofing  Co.  of  Canada. 

Wilbur  Henry  Grant,  San  Francisco,  Cal. 

Proposed  by  J.  E.  Spurr,  Bulkeley  Wells,  Roy  H.  Elliott. 

Bom  1879,  Aurora,  111.  1887-99,  Public  Schools,  West  Aurora.  1902-04,  Univ. 
of  Michigan.  1904-06,  Michigan  College  of  Mines.  E.  M.  190&-08,  Instructor, 
Dept.  of  Geol.,  Michigan  College  of  Mines.  1908,  Min.  Engr.,  Mascot  Min.  Co., 
Klondyke,  Ariz.  1909,  Min.  Engr.,  Arizona  Commercial  Copper  Co.,  Globe,  Ariz. 
1909-11.  Geol.,  Spurr  &  Cox.  Inc.,  New  York,  N.  Y.  1912-13,  Geol.,  American 
Smelt.  <fe  Refin.  Co.,  New  York,  N.  Y. 

Present  position :  Cons.  Min.  and  Geol.  Engr. 

Vrwak  Hastings  Haller,  Osceola,  Mich. 
Proposed  by  John  Knox,  C.  H.  Benedict,  R.  Mcintosh. 

Bom  1874^  Lanark,  111.     1892-98,  Northwestern  Univ.^  Ph.  B.     1900-01.  Michigan 
College  of  Mmes.     1903-06,  Min.  Engr.,  Oliver  Iron  Mm.  Co^  Iron  wood,  Mich.) 
Present  position — 1906  to  date:  Supt.,  Obsceola  Cons.  Min.  Co.. 

Sichard  Daniel  Hatton,  St.  Louis,  Mo. 
Proposed  by  Fred  L.  Wolf,  L.  W.  Olson,  W.  M.  Corse. 

Bom  1874,  St.  Louis,  Mo.     Attended  St.  Louis  Univ.     1892  to  date,  Laclede- 
Christy  Clay  Products  Co.    1907,  Sec.  and  Treas.     1911,  Vice-pres.  and  Gen'l  Mgr. 
Prwcnt  position :  Vice-pres.,  Laclede-Christy  Clay  Products  Co. 

I.  Berkwood  Hobsbawn,  Valparaiso,  Chile,  S.  A. 

Proposed  by  John  V.  N.  Dorr,  H.  N.  Spicer,  D.  S.  McAfee. 

Bom  1885,  London,  England.  1901,  Diploma,  Manchester  School  of  Technology, 
Faculty  of  Technology,  Victoria  Univ.,  England.  1902-04,  Asst.  Research  Chem., 
Levinstein,  Ltd.,  Manchester.  1904-05,  Asst.  Mgr-,  James  Wilberson  &  Sons,  Shef- 
field. 1905-08^  Research  Chem.  and  Analyst,  A.  Boabe  Roberts  &  Co.,  Ltd.,  London. 
1908-11,  Advising  Chem.  in  Chile,  Lockett  Bros.  &  Co.,  Liverpool. 

Present  position — 1912  to  date:  Cons.  Tech.  Adviser,  Gibbs  &  Co. 

Sakaye  Kato,  New  York,  N.  Y. 

Proposed  by  Joseph  W.  Richards,  Charles  L.  Huston,  Willard  S.  Morse. 

Bom  1878,  Chiba,  Japan.  1898-1901.  Kyoto  Imperial  Univ.,  Japan.  M.  E. 
1901-05,  Apprentice  and  Asst.  Engr.,  Roll.  Mill  Dept. ;  1905-08.  Supt.  of  Rolling 
Mill  Dept.;  1908-10,  Chief  Inspector  and  Head  of  Mechanical  Laboratory,  Imperial 
Steel  Works,  Japan.     1910-17.  Chief  Mech.  Engr.,  Kosaka  Copper  Mine,  Japan. 

Present  position — 1918  to  aate:  Mgr.  of  Sumitomo  Copper  Works,  Osaka,  Japan. 

Daniel  Grant  Kidder,  Los  Angeles,  Cal. 

Proposed  by  Frank  P.  Mills,  Andrew  Carrigan,  C.  O.  Lindberg. 

Bom  1869,  Reading,  Mich.  1886,  High  School,  Reading,  Mich.  1887,  Normal, 
Valparaiso,  Ind.  1891.  Cleary  Busmess  College.  Ypsilanti,  Mich.  1892-93,  Ste- 
nographer, Tamarack-Osceola  Copper  Mfg.  Co.,  Dollar  Bay,  Mich.  1893-95,  Asst. 
Paymaster  and  Bookkeeper,  Tamarack  Copper  Min.  Co.,  Ualumet,  Mich.  1895- 
1902,  Chief  Clerk,  Merced  Gold  Min.  Co.,  Coulterville,  Cal.  1902-04.  Supt.,  Merced 
Gold  Min.  Co.,  Coulterville,  Cal.  1904-16,  Examining  and  Cons.  Engr^  operating 
and  reporting,  surveying,  geology  and  mineralogy,  mines  and  oil.  1916-18,  Gen 4 
Supt.  and  Cons.  Engr.,  Union  Mejbals  Corpn.;  United  Tungsten  Copper  Mines, 
Anzona  and  Cal. 

Present  position:  Unattached. 
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Lttther  Loucine  Knox,  Pittsburgh,  Pa. 

Proposed  by  John  S.  linger,  C.  F.  W.  Rys,  Hugh  P.  Tieman. 

Bom  1870,  Pulaski,  Pa.  1876-88,  Common  School,  Pulaski,  and  St.  Joe,  Butler 
County,  Pa.  1889-90,  Mount  Union  College.  1890,  '91,  '92,  Alleghany  College. 
1890-93,  Civil  Engr.  with  G.  A.  Gilfillan,  Pittsburgh,  Pa.  189^-94,  Traveling  Sales- 
man, C.  P.  McCurdy,  Meadv^e,  Pa.  1894-96,  Draftsman,  Jones  ^Laughlin  Steel 
Co.  1896-98,  Draftsman,  shifter  bridge,  Pittsburgh  &Lake  Erie  R.  R.  Co.  1900-01, 
Supt.  of  Construction,  Sharon  Steel  Co.,  Farrell,  Pft.  1901-02,  Charge  of  designing, 
detailing,  erection,  open-hearth  plants^  Riter-Conley  Mfg.  Co.  1902-03,  Consulting 
engr.,  Mgr.,  M.  H.  Treadwell  Co.,  Pittsburgh.  1903-04,  Partner,  Grove  &  Knox, 
Mfg.  A^ts,  and  Engrs.  1905.  Supt.,  Engr.  and  Mgr.,  National  Metallurgical  Plant, 
Hackensack  River  &  Plank  Kd.,  Pf.  J.  1906,  Chief  Engr.,  Clara  Furnace,  Cherry 
Valley  Iron  Co.,  West  Middlesex,  Fa.  1906-08,  Vice-pres.  and  Mgr.,  Knox-Murray 
Co. 

Present  position:  Pres.,  Hydraulic  Drawn  Forging  Co.;  Vice-pres.,  Blaw-Knox 
Co.,  Keystone  Bronze  Co. 

William  Koemer.  Imlay,  Nev. 

Proposed  by  Walter  H.  Aldridge,  William  C.  Browning,  E.  H.  Lunquist. 

Bom  1886,  Oregon  City,  Ore.  1904r-08,  Stanford  Umv.,  A.  B.  1909,  Sampler, 
Ray  Cons.  Copper  Co.  1909-11,  Sampler,  Mine  Surveyor.  Inspiration  Copper  Co. 
1912-13,  Mine  Surveyor  and  Assayer.  1913-14,  Supt.^  narker  Mines  Co.  1914-15, 
Mine  Surveyor,  Creston  Colorado  Mine  Co.  1915,  Mill  Shift  Boss,  Magma  Copper 
Co.  1916-16,  Field  Engr.,  Mason  Valley  Mines  Co.  1916-18,  Supt.,  Gray  Eaile 
Copper  Co. 

Present  position — 1918  to  date:  Supt.,  Majuba  Hill  mine  of  Mason  Valley  Mines. 

Charles  Raymond  Kilster,  Benton,  Wis. 

Proposed  by  Ralph  E.  Davis,  W.  R.  Smith,  W.  N.  Smith. 

Bom  1891,  Platteville,  Wis.  1910,  Grad.,  Wisconsin  State  Min.  School,  Platte- 
ville.  Wis.  1910-11,  Underground  work,  Vinegar  Hill  mine.  1911-12,  Timekeeper, 
Vinegar  Hill  Zinc  Co.     1912-18,  Supt.  of  various  mines.  Vinegar  Hill  Zinc  Co. 

I^esent  position :  Supt.,  Meloy  mine. 

Edmund  Leslie  Laing,  Iron  River,  Mich. 

Proposed  by  J.  Murray  Riddell,  W.  O.  Hotchkiss,  Charles  R.  Lawrence. 

Bom  1889,  Gladstone,  Mich.  1907-09^  Michigan  College  of  Mines.  1910.  Asst. 
Min.  Engr^  Munro  Iron  Min.  Co^  Iron  River,  Mich.  1910-12,  Michigan  College  of 
Mines,  B.  S.  and  E.  M.  1912,  Miner,  Zimmerman  mine,  Iron  River,  Mich.  1912- 
18,  Independent  min.  engrg.  practice. 

Present  position:  Min.  Engr. 

William  David  Mainwaring,  W.  Philadelphia,  Pa. 

Proposed  by  James  H.  Herron,  Zay  Jeffries,  Joseph  W.  Richards. 

Bom  1879,  Maline  Lee,  England.  1897-1901,  Post  Graduate  work,  Drexel  Insti- 
tute. 1903-12,  Private  tutors  in  mech.  drawing  and  mathematics;  metallography  of 
iron  and  steel,  under  Albert  Sauveur;  private  tutor,  thermo-chemistry,  met.  calcula- 
tions. 1896-1902,  Open-hearth  Clerk  to  Asst.  to  Chief  Chem.,  Pencoyd  Iron  Wks. 
1902-14,  Chem.  and  Met.,  Railway  Steel  Spring  Co.  1914r-16,  Associated  with  cons, 
engrs.,  Cleveland,  Ohio. 

Present  position — 1916  to  date:  Chem.  and  Met.  Engr. 

Harvey  Mathews,  Empire,  Colo. 

Proposed  by  Charles  A.  Chase,  Harold  Boericke,  Charles  H.  Reed. 

Bom  1890.  SaUna,  Kans.  1905-09,  Centennial  High  School,  Pueblo,  Colo.  1909- 
13,  Grad.,  Colorado  School  of  Mines,  Golden,  Colo.,  E.  M.  1913-14,  Repairs,  opera- 
tion, experimental  work,  Ohio  Copper  Co.  1914,  Repairs,  Chino  Copper  Co.  1914- 
15,  Shift  Boss,  refinery  man,  Ernestine  Mines  Co.,  Mogollon,  N.  Mex.  1816-17, 
Supt.,  cyanide  plant.  Bonanza  mine,  Bluefields,  Nicaragua.  1917-18,  Engr.,  Tono- 
pah  Nicaragua  Min.  Co.,  Bluefields,  Nicaragua. 

Present  position — 1918  to  date:  Mill  Supt..  Primos  Exploration  Co. 


American  Institute  of  Mining  Engineers  li 

Fred  ^WnUiam  Nash,  San  Dieeo,  Cal. 

IVoposed  by  Ben.  H.  Cody,  Henry  A.  Tobelmann,  L.  D.  Ricketts. 

Bom  1872,  Wadsworth,  O.  1877-86,  Grammar  School,  Akron,  O.  1894-1903, 
Studied  min.  engng.,  assaying,  met.  and  chem.  in  spare  time.  1886-93,  Bookkeeper, 
Accountant,  Commercial  Telegraph  Operator,  J.  F.  Seiberling  &  Co.;  Asst.  Mgr.. 
Diamond  Rubber  Co.,  Akron.  1894-1903,  Special  Representative,  Colorado  ana 
Wyoming,  Phoenix  Mutual  life  Ins.  Co.,  Hartford,  Conn.  1903-05,  Interested  in 
Waldorf  Cons.  M.  &  M.  Co.,  Georgetown,  Colo.;  organized  Manhattan  Union  Min. 
Co.  1905,  Opened  ore-testing  and  met.  office;  part  owner  and  operator  of  three 
properties.  1905-08,  Studied  min.  engng.,  met.  and  chem.  with  C.  J.  Callahan. 
1908-10,  Opened  engng.,  met.,  assaying  and  chem.  office  in  Mazuma.  1910-19, 
Conducting  office  and  laboratory;  perfected  flotation  machine  for  handling  molyb- 
denite ores  producing  MOS2  88  to  90  per  cent,  with  extraction  of  90  to  95  per  cent, 
of  values,     specialized  in  oil  flotation  for  ei^ht  years. 

Present  position:  Prop.,  Pacific  Ore  Testmg  &  Dev.  Co. 

Moses  F.  Peltier,  Sheridan,  Wyo. 

Proposed  by  Herbert  Addison,  Daniel  Harrington,  Carl  Scholz. 

Bom  1873,  Wilmington,  111.  High  School  and  Correspondence  School.  1901-04, 
Min.  Engr.,  Spring  Valley  Coal  Co.;  City  Engr.,  City  of  Spring  Valley,  111.  1904r-16, 
Chief  Engr.,  Peabody  Coal  Co. 

Present  position — 1916  to  date:  Pres.,  Monarch  Coal  Min.  Co.;  Cons.  Engr., 
Peabody  Coal  Co. 

Carios  A.  Portella,  Cerro  de  Pasco,  Peru. 

Proposed  by  Anterior  Rizo  Patron,  Myron  R.  Walker,  Luis  F.  Diaz. 

Bom  1880,  Lima,  Peru.  1901,  Grad.,  School  of  Engineers  of  lima,  M.  E.  1902, 
Engr.,  Sociedad  Miniere  Huacracocha.  1902-04,  Administrator  Sociedad  Miniere 
Sacracancha.  1904-07,  Engr.,  Chief  Engr.,  Omcial  Commission  of  Morococha. 
1907-08,  Engr.,  Sociedad  Minera  Alapampa.  1908r-14,  Deputy  of  Mines  and 
Inspector  General  of  Mines,  District  of  Cerro  de  Pasco.  1914-17,  Traveling  through 
Chile,  Bolivia  and  Argentina  for  study. 

Present  position — 1917  to  date:  Cfhief  of  Office  of  Fundicion  El  Eco. 

Atsomam  Sakaguchi,  Tochigiken,  Japan. 

Proposed  by  Kosaku  Asano,  Fukunasuke  Yamada,  Hajime  Nakamura. 
^  horn  1886,  Tokyo,  Japan.     1907-10,  First  Higher  School.     1910-13,  Imperial 
Iniy.,  Tokyo,  Japan,  degree  of  K^akushi.     1913-14,  Foreman,  No.  6  District, 
Ashio  copper  mine.     1914-16,  Chief  Engr.,  Honzan  mine,  Ai^io  copper  mine. 

Present  position — 1916  to  date:  Supt.,  Ashio  Copper  Mine. 

Carlos  R.  Sdiroth,  Cerro  de  Pasco,  Peru. 

Proposed  by  Anterior  Rizo  Patron,  Luis  F.  Diaz,  Myron  R.  Walker. 

Bom  1889.  Lima,  Peru.  1910,  Grad.,  School  of  Engineers  of  Lima.  1910-12, 
Chief  Engr.,  Oficina  Metalurgica  of  Santa  Luis  y  Morococha.  1912-13,  Asst.  Engr., 
Cerro  de  Pasco  Min.  Co.     1913-15,  Engr.,  Cia.  Miniere  Roeario  y  San  Lorenzo. 

Present  position-  1915  to  date:  Supt.,  Cia.  Miniere  La  Doc^na. 

John  Robert  Smith,  Jasper,  Ala. 

Proposed  by  James  Gailacher,  H.  S.  Geismer,  Erskine  Ramsay. 

Bom  1^,  Lanarkshire,  Scotland.  1890-1900,  Public  Schools,  Jefferson  Co.,  Ala. 
1905-06,  Alabama  Polytechnic  Inst.  1906-07,  Rodman,  R.  R.  Preliminary.  1907, 
Inspector,  sewers  and  sidewalks,  Avondale.     1907-08,  Asst.  City  Engr.,  North  Bir- 


Present  position :  Asst.  State  Mine  Inspector. 


John  Theodore  Smoody,  Brier  Hill,  Pa. 

Proposed  by  Robert  H.  Seip,  Harrison  Souder,  Charles  Mentzel. 

Bom  1890,  Schenectady,  N.  Y.  1906,  Uniontown  High  School^  Uniontown,  Pa. 
1910,  International  Correspondence  School.  1914,  Alexander  Hamilton  Inst.  1914, 
Special  study,  Columbia  Univ.  1910-12,  Asst.  to  Supt.,  and  Chg.  of  Supplies,  Brier 
Hill  Coke  Co.,  Brier  Hill,  Pa.     1912-13,  Draftsman,  Westinghouse  Electric  i  Mfg. 
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Co.  1913-14^  Experimental  Draftsman,  U.  S.  Bureau  of  Mines,  Pittsburgh,  Pa. 
1914-15,  Designing  Engr.,  American  Thread  Co.  1916-16,  Designing  Engr.,  Chile 
Copper  Co.,  New  York,  N.  Y.  1916-17,  Designing  Engr.  in  chg.,  Cornwall  Ore  Bank 
Co.,  Cornwall,  Pa. 

Present  position — 1917  to  date:  2d  Lieut.,  Field  Artillery,  U.  S.  Army. 

Eugene  Stebinger,  Washington,  D.  C. 

Proposed  by  George  Otis  Smith,  M.  R.  Campbell.  David  White. 

Bom  1883,  Portland,  Ore.  1902-05,  Univ.  of  California.  190^-07,  Grad^  Univ. 
of  Chicago,  B.  S.  1907-09,  Geologic  Aid  and  Junior  GeoL.  U.  S.  Geological  Survey, 
Washington,  D.  C.  1910,  Instructor  in  Geol^  Normal  (Jollege,  New  York,  N.  Y. 
1910-18,  Asst.  Geol.  and  Assoc.  Geol.,  Geol.,  U.  S.  Geological  Survey,  Washington, 
D.  C. 

Present  position :  Geol.,  U.  S.  Geological  Survey. 

Haakon  Styri,  Pittsburgh,  Pa. 

Proposed  by  Fred  Crabtree,  Charles  R.  Fettke,  Joseph  W.  Richards. 

Bom  1886.  Kristiania,  Norway.  1891-1903,  Private  Schools,  Kristiania.  1909- 
04,  Military  Academy.  1904-09,  Kristiania  Tech.  School.  1909-10,  Carnegie  Inst, 
of  Technology.  1910-11,  Royal  Pol3rtechnic  Academy,  Aachen,  M.  E.  Ch.  E.  Dr.  of 
Eng.  1910-11,  Interpreter.  International  Patent  Bureau,  Norway.  1911,  Chem., 
Notodden  saltpeter  worki^  Norway.  1912-16,  Docent  of  Metallurgy  of  Iron,  Pbly- 
technic  Acad.,  Norway.  1917,' Met.;  1917-18,  Cons.  Met.,  Hussey-Binns  Steel  Co., 
Charleroi,  Pa. 

Present  position — 1917  to  date:  Asst.  Prof,  of  Met.,  Carnegie  Institute  of 
Technology. 

CartoU  Harvey  Wegemann,  Camper,  Wyo. 

Proposed  by  W.  D.  Waltman,  Cnarles  T.  Lupton.  Max  W.  Ball. 

Bom  1879,  Lake  Mills,  Wis.  1898-1901,  Beloit  College  Academy.  1901-03, 
Univ.  of  Wisconsin,  B.  S.  1903-05,  Post-Graduate  work,  Univ.  of  Wisconsin,  M.  A. 
1906-07,  Asst.  in  Geol.,  Univ.  of  Illinois.     1907-17,  Geol.,  U.  S.  Geological  Survey. 

Present  position — 1917  to  date:  Geol.,  Franco- Wyoming  Oil  Co. 

Joe  T.  Terry,  Silverton.  Colo. 

Proposed  by  A.  P.  Anderson,  W.  G.  Sharp,  Sidney  J.  Jenninss,  C.  F.  Moore. 

Bom  1873^  Canon  City,  Colo.  High  School,  Canon  City.  Owner  and  manager, 
Sunny  Side  mmes,  for  past  20  years;  and  other  properties,  San  Juan  and  Clear  Cieek 
Counties,  Colo. 

Present  position:  Cons.  Min.  Engr.,  Sunny  Side  M.  &  M.  Co. 

Audley  Oscar  Williams,  Niagara  FaUs,  Ont. 

Proposed  by  A.  L.  McRae,  M.  H.  Thomberry,  E.  List. 

Bom  1890,  Pidcock,  Pa.  1908-12,  Georgia  School  of  Technology.  191^13, 
Designing  and  installing  mechanical  equipment,  American  Cyanamid  Uo^  Niagara 
Falls,  Ont.  1914-18,  Supt.,  Calcium  Carbide  Furnace  Dept.,  American  Cyanamid 
Co. 

Present- position — 1918  to  date:  Chief  of  Carbide  Furnace  Division,  Air  Nitrate 
Corp.,  Muscle  Shoals,  Ala. 

Associates 

Harold  Lattimore  Ailing,  Albany,  N.  Y. 

Proposed  by  David  H.  Newland,  Charles  P.  Berkey,  James  F.  Kemp. 

Born  1888,  Rochester,  N.  Y.  1910-15,  Univ.  of  Rochester,  B.  S.  1915-18, 
Columbia  Univ.,  A.  M.  1915,  '16,  '17,  summers,  detail  geological  mapping,  Adiron- 
dacks.  1917-18,  Investigating  graphite  deposits,  Adirondacks,  National  Kesearch 
Council. 

Present  position:  Special  Investigator,  Dept.  of  Economic  Geology,  N.  Y.  State 
Survey. 

Frederick  Potter  Flagg,  Waltham,  Mass. 

Proposed  by  Alfred  C.  Lane,  Frank  W.  Durkee,  R.  F.  Harrington. 

Bom  1894,  Waltham,  Mass.  1912-16,  Tufts  College,  B.  S.  in  Chem.  1915-16, 
Instructor  in  Chem.,  in  pre-medical  course,  Tufts  College.  1916,  Chief  Chem., 
charge  of  laboratory  employing  two  chemists,  Waltham  Watch  Co. 

Present  position :  Chief  Chem.,  Waltham  Watch  Co. 
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Sjmo  KanekOy  Tochigiken,  Japan. 

Proposed  by  Kosaku  Asano,  Rikunusuke  Yamada.  Hajime  Nakamura. 

Born  1891,  Morioka,  Japan.  1916.  Grad^  The  Imperial  Univ.,  Tokyo.  Japan, 
degree  of  Ko|»kiiahi.  1916-17^  Min.  £ngr.,  Ashio  copper  mine.  1917-18,  Devdop- 
ment  Engr.,  Honsan  mine,  Ashio  copper  mine. 

Present  position:  Foreman,  Ashia  Copper  Mine. 

Bdmiind  James  Lowry,  Pawtucket,  R.  I. 

Proposed  by  Herbert  M.  Boylston,  F.  G.  Langenberg,  Gharles  H.  White. 

Bom  1894,  Pawtucket,  R.  I.  1913,  Grad.,  Pawtucket  High  School.  1917, 
Grad..  U.  S.  Naval  Academy.  1918,  Special  course,  M.  I.  T.  1915-16,  Asst.  Fore- 
man, nardening  room,  Remington  U.  M.  C.,  Bridgeport,  Conn.  1916-17,  Foreman, 
hardening  room,  Maxim  Mimitions  Corpn.,  New  Haven,  Conn.  1917,  Foreman, 
Foundry,  Watertown  Arsenal,  Watertown,  Mass.  1917-19,  Chief  Met.,  U.  S. 
Cartridge  Co.,  Lowell,  Mass. 

Present  position:  Met.,  Oliver  Chill  Plow,  South  Bend,  Ind. 

Caileton  Wight  Reade,  Escanaba,  Mich. 

Proposed  by  C.  E.  McQuigg,  Joseph  Struthers,  E.  D.  Campbell. 

Bom  1895,  Escsnaba,  Mich.  1908-12,  Escanaba  High  School.  1912-13,  Law- 
rence College,  Appleton,  Wis.  1913-17,  Univ.  of  Michigan,  B.  S.,  Ch.  E.  1917-18, 
Engr.  of  Tests.  U.  S.  Government  Metallurgical  Section  of  Inspection  Division  sta- 
tioned at  Bartlett  Hayward  Co.,  Baltimore,  Md.;  Metal  Products-Co.,  Beaver,  Pa.* 
Roberts  Engineering  Co.,  Philadelphia,  Pa. ;  Erie  Malleable  Iron  Co.,  Erie,  Pa.;  and 
American  BraJce  Shoe  &  Foundry  Co.,  Erie,  Pa. 

Present  position—J.918  to  date:  Assist.  Supervising  Engr.  of  Tests,  Bridgeport 
District,  Ordnance  Office. 

Eugene  Ralph  Smoley,  Palmerton,  Pa. 

Proposed  by  Walter  S.  Brown,  L.  S.  Holstein,  L.  A.  Wilson. 

Bom  1898,  Cleveland,  O.  1915-16,  Cornell  Univ.  1916-18,  Grad.,  Mass. 
Institute  of  Technology,  B.  S.  1915,  Asst.  Chem.,  Scranton  Chem.  Co.  1916, 
Summer,  drafting.  Anthracite  Bridge  Co^  Scranton,  Pa.;  Asst.  on  engrg.  corps, 
Pemisylvania  R.  R.  Co.  1917,  Summer,  Chem.,  Testing  Dept.  1918,  1^11,  Chem. 
Engr.,  Testing  Dept.,  N.  J.  Zinc  Co. 

Plesent  position:  Investigation  work.  Zinc  Oxide  Dept.,  N.  J.  Zinc  Co. 

Irvme  Emerson  Stewart  Breckinridge^  Tex. 

Proposed  by  Arthur  F.  Truex,  J.  M.  Herald,  R.  A.  Conkling. 

Bom  1893,  Dalkeith,  Ontario,  Can.  1910-15,  McMaster  Univ.,  Toronto,  Can. 
1915-17,  Univ.  of  Chicago,  Chicago,  111.  1914,  B.  A.  1915,  M.  A.  1914-16,  Sum- 
mers. Asst.  Geol.,  Geological  Survey  of  Canada,  Ottawa,  Empire  Gas  and  Fuel  Co., 
Bartlesville,  Okia. 

Present  position:  Geol.,  Roxana  Petroleum  Co.  of  Oklahoma,  Tulsa,  Okla. 

Naoichi  Tsuji,  Kaeoshimaken,  Japan. 

Proposed  by  Kosalku  Asano,  Fukunosuke  Yamada,  Hajime  Nakamura. 
Bom   1892,   Tokyo,  Japan.     1911-14,   8th   Higher  School.     1914-17,   Imperial 
Univ.,  Tokyo,  degree  of  Kogakushi.     1917-18,  Min.  Engr.,  Ashio  copper  mine. 
Present  position:  Chief  Constructing  Engr.,  of  Oshima  Mine,  Furukawa  Min.  Co. 

Charles  Joseph  Walker,  St.  Louis,  Mo. 

Proposed  by  James  A.  Caselton,  H.  A.  Wheeler,  Arthur  Thacher. 

Bom  1883,  Wentzville,  Mo.  1900-06,  Univ.  of  Missouri,  A.  B.  1906-10,  General 
law  practice,  Everett,  Wash.  1910-13,  Investigating  min.  projects,  St.  Louis  Syndi- 
cate. 191^18)  Oiganized  and  Pres.,  Western  Development  Co.,  St.  Louis,  Mo. 
1914-18,  Sec.  and  TLreas.,  Down  Town  Mines  Co.,  Leadville,  Colo. 

Present  position:  Pres.,  Western  Development  Co.  and  Sec.  and  Treas.,  The  Down 
Town  Mines  Co. 

Leonard  Edwin  Weisenburg,  Sharpies,  W.  Va. 

Proposed  by  Arthur  C.  Adair,  Howard  N.  Eavenson,  H.  W.  Saunders. 

Bom  1893,  So.  Bethlehem^  Pa.  1915,  Pennsylvania  State  College,  B.  S.  1913, 
Summer,  min.  corps,  H.  C.  Fnck  Coal  &  Coke  Co.  1915,  Summer,  Foreman,  anneal- 
ing furnaces,  Bethlehem  Steel  Wks.,  So.  Bethlehem,  Pa.  1915-16,  Transitman, 
chief  of  party,  East  River  tunnels,  Public  Service  Commission,  New  York.  N.  Y. 
1916-17,  Resident  Engr.,  Kentucky  River  Power  Co.;  Draftsman,  Crystal  Block 
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Coal  &  Coke  Co. ;  Central  Pocahontas  Coal  Co. ;  Tug  River  Electric  Co.  1917-18, 
Chief  Engr.,  Thomas  Coal  Co.,  Iroquois  Coal  Min.  Co.  and  Ciystal  Coal  A  Coke 
Co.     1918,  Asst.  Chief  Engr.,  Amherst  Coal  Co^  Lundale  Coal  Co. 

Present  position — 1918  to  date:  Aast.  Chief  Engr.,  Boone  County  Coal  Corpn. 

Junior  Associates 

Everett  Humphreys  Parker,  Denver,  Colo. 

Proposed  by  Kobert  Peele,  Charles  £.  Berkey,  William  Campbell. 
Bom  1894,  Marquette,  Mich.     1912-16,  Dartmouth  College. 
Present  position:  Student,  Columbia  School  of  Mines,  B.  S. 

Joseph  Lewis  Rosemiller,  So.  Bethlehem,  Pa. 

Proposed  by  Howard  Eckfeldt,  Joseph  W.  Richards,  Henry  S.  Drinker. 

Bom  1897,  Paris,  France.  1910-14,  Grad^  York  Collegiate  Inst.,  York,  Pft. 
1914-15,  Grad.,  Worcester  Acad.,  Worcester,  Mass.  1915,  Lehigh  Univ.,  So.  Beth- 
lehem, ra^  min.  engrg.  course.  1916,  Summer,  Plattsburgh  MilitarytCamp.  1917, 
Summer,  Shrapnel  Inspector,  Bethlehem  Steel  Co^  Bethlehem,  Pa.  1918,  leoman, 
2d  U.  S.  Naval  Reserve  Force.  1918,  Summer,  Bessemer,  and  open  hearth,  Beth- 
lehem Steel  Co.,  Sparrows  Point,  Md. ;  Oct.,  U.  S.  N.  R.  F.  Camp,  Cape  May,  N.  J., 
1st  Petty  Officer^  Naval  Unit,  S.  A.  T.  C.  ^ 

Present  position :  Student,  Lehigh  Univ. 

Ellas  Werchowsky,  Bettws-y-Coed,  Carnarvon,  Wales. 

Proposed  by  Wilbam  Frecheville,  S.  T.  Truscott,  Walter  McDermott. 

Bom  1891,  Elisabethgrad,  Real  G3rmna8ium  of  Elisabeth^rad.  1910-14,  Student^ 
Faculties  of  Sciences  and  Engineering,  Univ.  of  Li^e,  Bel^um.  1914-15,  Student, 
Royal  School  of  Mines,  London,  England.  1915-16,  Drawmff  office,  IVaser  &  Chal- 
mers, Ltd^  Erith.  Kent,  England.  1916-17,  Practical  wohl  in  mining  and  ore- 
dressing.  Basset  Mines,  Ltd.,  Redmth,  Cornwall.  1917-18,  British  War  Dept., 
London,  England. 

Present  position:  Asst.  Mill  Foreman,  Aler  Llyn  Zinc  Mines,  Ltd.,  Bettws-y-Coed, 
N.  Wales,  U.  R.    Student,  Royal  School  of  Mines,  on  leave. 

Change  of  Status — Junior  Associate  to  Member 

Guy  Ernest  IngersoU,  Minneapolis,  Minn. 

Proposed  by  W.  H.  Emmons,  E.  H.  Comstocke,  W.  R.  Appleby. 

Bora  1889,  Elk  River,  Minn.  1914-18,  Univ.  of  Minnesota,  £.  M.  1910-12, 
Engr.  Helper,  Roeers  Brown  Iron  Co.,  Hibbing,  Minn.  1912-13,  Amalgamator 
Helper,  Liberty  Bell  Gold  Min.  Co.,  Telluride,  Colo.  191^-14,  Engr.,  South  American 
Dev.  Co.,  Guayaquil.  Ecuador.  1915.  Gettmg  efficiencv  data,  Leietonia  mine.  Bibb- 
ing, Minn.  1916  ana  17,  Summers,  Engr.,  Pickands  Mather  &  Co.,  Hibbing,  Minn. 
1917-18,  Research  Asst.,  Dept.  of  Geology,  Minnesota  School  of  Mines,  Minneapolis, 
Minn. 

Present  position:  Asst.  Metal  Min.  Engr.,  U.  S.  Bureau  of  Mines. 


At  the  end  of  1916  there  were  38,000  producing  gas  wells  and  13,000- 
000  acres  of  land  under  the  control  of  gas-producing  companies;  com- 
panies distributed  753,000,000  cu.  ft.  of  gas. 

As  1  gal.  of  raw  gas  gasoline  to  1^  gal.  of  heavy  distillates  is  an 
average  blend,  for  motor  fuel  the  217,(M)0,000  gal.  of  raw  gasoline 
produced  in  1917  was  expanded  to  not  less  than  500,000,000  gal.  of 
serviceable  motor  fuel,  enough  to  provide  over  100  gal.  for  each  of  the 
4,810,917  cars  registered  that  year.  In  1911,  the  176  compression 
plants  making  natural-gas  gasoline  produced  7,425,839  gallons  of  raw 
gasoline;  in  1916,  596  compression  and  absorption  plants  in  twelve 
States,  produced  103,492,689  gal.,  and,  in  1917,  886  plants  produced 
217,884,104  gal. 


Aherican  Institute  of  Mining  Ekqinber8 
STANDING  COMMITTEES 


Memberthip 
KARL  EHERS,  Ckairman 


J.  E.  JOHNSON,  JR. 
ROBERT  M.  RAYMOND 


CHARLES  F.  RANO 


BENJAMIN  B.  THAYEK 


PERCY  E.  BARBOUR 

W.  M.  CORSE 

WILLIAM  A.  COWAN 

B.  C.  PARMELEE 
J.  L.  W.  BIRKINBINE 
WILLIAM  H.  BLAUVELT 
H.  A.  BRASSERT 
WILLIAM  CAMPBELL 
S.  M.  CATLIN 
ALLAN  J.  CLARK 
FREDERICK  O.  COTTRBLL 
KARL  EILERS 
NATHANIEL  H,  EMMONS 
JOHN  W.  FINCH 
CHARLES  H.  FULTON 
F.  LYNWOOD  GARRISON 
ROBERT  C.  OEHMELL 


CHARLES  W.  QOODALE 
HARRY  A.  OUESS 
B.  DAWSON  HALL 


EDWARD  W.  PARKER 


ROBERT  H.  RICHARDS 
L.  D.  RICKETTS 
BEINRICH  RIE8 
RENO  H.  SALES 
ALBEBT  SAUVEUR 
HENRY  L.  SMYTH 
A.  A.  STEVENBON 
RALPH  H.  SWEET8ER 
OEOROE  D.  VAN  ARSDALE 
ARTHUR  L.  WALKER 
ROLLA  B.  WATSON 
HORACE  V,  WINCHELL 
FREDERICK  W.  WOOD 
DWIGHT  E    WOODBRIDOE 


WAI.TER  H.  ALDRIDOE 

WAtTER  DOUGLAS  u.  w.  w 

D.  W.  BRUNTON 

Institute  of  MttaU  Divinon 
WILLIAM  M.  CORSE,  Ckuman 
SIR  ROBERT  A.  HADPIELD,   Vict-cSairman 
FRED  L.  WOLF,  S  ~       -         "       ..--... 


ALLEN  H.  ROGERS.  ( 


J.  e.  JOHNSON,  Jb. 


EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 

New  York 

Mtela  fint  Wednesday  (Iter  Snt  Tue*d*y  of  eaeb  month. 


[.  C.  PARMELEE,  Via-chmrmaH 
P.  G.  SPILSBURY 


ALFRED  C.  LANE,  CInv. 

H.  M.  BOYLSTON,  i 
R.  L.  AOASSIZ 

Columbia 

Hd](1>  four  laidana  durina  yemr.     Annual  mt 
J.  C.  HAAS,  Ckainun 

LYNDON  K.  ARMSTRONG.  Stcrtlart-TraaMre, 
W,  H.  LINNEY 


G.  A.  PACKARD,  Vict^hairman 
bbot  Bld|.,  Cambridie.  Mua. 

FRED  W.  DENTON 

ting  in  September  or  October. 

WM.  J.  HALL.  VtcH'Aairmafi 
720  Peyton  Bldi..  Spokane,  Wwfa. 

J.  P.  MCCARTHY 


1  Until  Feb..  ISIB.  >  Until  Fab..  IBZO.  ■  Until  Feb,,  1921.  t  Until  Feb 
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Puget  Sound 

Meets  second  Saturday  of  each  month. 

GEORGE  E.  R( 
PERCY  E.  WRIGHT,  Secretary-Treoiurer,  2012  L.  C.  Smith  Bids,,  Seattle,  Wash. 


HENRY  LANDES,  Chairman  "'  '    ~  ^EORGE  E'.  ROCKEFELLER.  Vte^-Chainnan 


ruiitijz  a.  wniuxii,  aecreiary-Area^urert  zuix  Ij.  %j.  squui  tsiag., 
SIMON  H.  ASH  CHARLES  SIMENSTAD 

Southern  California 

RALPH  ARNOLD,  Chairman  WILLIAM  F.  STAUNTON.  Vic9-Chainiutn 

ALVIN  B.  CARPENTER.  Secretary-Trwuwsr,  630  Citizens  National  Bank  BIdg..  Los  Angeles,  Csl. 
A.  B.  W.  HODGES  LESLIE  C.  MOTT 

C.  COLCOCK  JONES  -JAMES  W.  NEILL 

Colorado 

CHARLES  M.  MacNEILL.  Chairman  GEORGE  M.  TAYLOR.  Vu»-Chairman 

FRED  CARROLL.  Secretarv-Treaturer,  State  Capitol,  Denver.  Colo. 
W.  W.  CASE  H.  E.  COLLBRAN 

Montana 

N.  B.  BRALY.  Chairman  B.  H.  DUNSHEE.  Vie^^hairman 

E.  B.  YOUNG,  Secretary-Treaaurer,  526  Hennesey  Building.  Butte,  Mont. 
F.  W.  BACORN  CD.  DEMOND 

San  Francisco 

Meets  second  Tuesday  of  each  month. 
F.  W.  BRADLEY,  Chairman  T.  A.  RICKARD.  Vice-chairman 

W.  H.  SHOCKLEY.  S€cr9larV'Trea9urer,  959  Waverly  St..  Palo  Alto.  Cal. 

D.  M.  RIORDAN  C.  F.  TOLMAN.  JR. 

Pennsylvania  Anthrcunte 

R.  v.  NORRIS.  Chairman 
CHARLES  F.  HUBER,  Viee-Chairman  EDWIN  LUDLOW,  Viee-ChoinuM 

W.  J.  RICHARDS.   Viee-Chairman  ARTHUR  H.  STORRS.  Viee-Chairman 

PAUL  STERLING,  Secretary-Treamrer,  I^high  Valley  Coal  Co.,  Wilkes-Barre,  Pa. 
DOUGLAS  BUNTING  W.  W.  INGLIS  HENRY  W.  MONTZ 

JOHN  M.  HUMPHREY  EDWARD  E.  KAERCHER  ROBERT  A.  QUIN 

St.  Louis 

EUGENE  McAULIFFE,  Chairman  J.  N.  HOUSER,  Vice-Chairman 

VICTOR  RAKOWSKY,  Vice-Chairman  H.  G.  WASHBURN,  Viea-Chairman 

WALTER  E.  McCOURT.  Secretary-Treasurer,  Washington  Univ.,  St.  Louis,  Mo. 
H.  A.  BUEHLER.  G.  H.  COX  L.  C.  GLENN 

E.  A.  HOLBROOK  W.  E.  NEWNAM 

Chicago 

CHARLES  H.  MacDOWELL,  Chairman  G.  P.  HULST,  Viee-Chairman 

HENRY  W.  NICHOLS,  Secretary-Treaeurer,  Field  Museum  of  Natural  History,  Chicago.  III. 
RAY  CHAPMAN  J.  R.  SHARP 

E.  A.  HOLBROOK  A.  D.  TERRELL 

Utah 

WILLIAM  WRAITH,  Chairman  CECIL  FITCH,  Viea-Ckairman 
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S.  W.  McCALLIE 
A.  J.  McQUATTERS 
C.  W.  MERRILL 
P.  N.  MOORE 
F.  W.  O'NEIL 
WALTER  T.  PAGE 
W.  H.  PEIRCE 
JOSEPH  H.  PRATT 
H.  V.  WINCHELL 


BENJAMIN  B.  THAYER 

J.  C.  RALSTON 

CHARLES  F.  RAND 

FRANK  D.  RASH 
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L.  L.  HUTCHISON  W.  E.  WRATHER 
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WILLIAM  H.  GRADY 
FRANK  HAAS 


R.  DAWSON  HALL 
FRANK  ALBERT  HILL 
CHARLES  F.  HUBER 
JAMES  ELLWOOD  JONES 
CHARLES  E.  KREBS 
GEORGE  J.  KREBS 
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WILLIAM  H.  LEONARD 
HENRY  LOUIS 

JAMES  F.  McClelland 

SEELEY  W.  MUDD 
JAMES  B.  RISQUE 


MILNOR  ROBERTS 
OSCAR  ROHN 
GERALD  SHERMAN 
HENRY  L.  SMYTH 
BENJAMIN  W.  VALLAT 
RUEL  C.  WARRINER 
SAMUEL  D.  WARRINER 
GEORGE  WEIR 
DWIGHT  E.  WOODBRIDGE 


Milling  Methods 

ROBERT  H.  RICHARDS,  Chairtnan 
CHARI.ES  E.  LOCKE,  Swnlanf,  Maae.  Institute  of  Technology,  Boston.  Mass. 


EARL  S.  BARD  WELL 
H.  K.  BURCH 
CHARLES  BUTTERS 
GELASIO  CAETANI 
WILLIAM  A.  CALDECOTT 
JOHN  M.  CALLOW 
CHARLES  A.  CHASE 
DAVID  COLE 
JOHN  V.  N.  DORR 
ARTHUR  S.  DWIGHT 


RUDOLF  GAHL 

H.  A.  GUESS 

H.  C.  HOOVER 

FREDERICK  LAIST 

C.  B.  LAKENAN 

W.  P.  LASS 

CHARLES  W.  MERRILL 

HENRY  S.  MUNROE 

E.  H.  NUTTER 

C.  Q.  PAYNE 


JOHN  B.  PORTER 
LEWIS  G.  ROWAND 
E.  A.  C.  SMITH 
T.  B.  STEARNS 
WALTER  G.  SWART 
ARTHUR  THACHER 
A.  P.  WATT 
BULKELEY  WELLS 
ALBERT  E.  WIGGIN 
GEORGE  H.  WYMAN.  Jr. 


Mining  Law 

CORNELIUS  F.  KELLEY.  Chairman 
JOHN  W.  FINCH.  Vice-chairman  CURTIS  H.  LINDLEY,  Vice-chairman 


ALBERT  BURCH 

J.  MURRAY  CLARK 

WILL  L.  CLARK 

C.  LORIMER  COLBURN 

COURTENAY  DkKALB 


CHARLES  W.  QOODALE 
EDWIN  O.  HOLTER 
EDMUND  B.  KIRBY 
MARK  L.  REQUA 
WILLIAM  8CALL0N 


CHARLES  H.  8HAMEL 
FRANK  L.  SIZER 
WALTER  H.  WILEY 
HORACE  V.  WINCHELL 


FRANCIS  O.  BLACKWELL 
GRAHAM  BRIGHT 
F.  K.  COPELAND 
OZNI  P.  HOOD 


The  Use  of  Electricity  in  Mines 

WILLIAM  KELLY.  Chairman 

JOHN  LANGTON  DAVID  B.  RUSHMORE 

CHARLES  LEGRAND  HARRY  M.  WARREN 

FREDERICK. W.  O'NEIL  GEORGE  R.  WOOD 
STEPHEN  H.  PITKIN 


American  Institute  of  Mining  Engineers 


Ixiii 


X£W£LL  G.  ALFORD 
£.  E.  ^ACH 
F.  M.  BARNES 
WILUAM  L.  BELL 
W.  0.  BORCHERDT 
PHILIP  R.  BRADLEY 
WILLIAM  L.  CLARK 
GEORGE  G.  CRAWFORD 
H.  G.  DAVIS 
R.  W.  DEACON 
M.  M.  DUNCAN 
HOWARD  N.  EAVENSON 
CHARLES  T.  FAIRBAIRN 


Industrial  Organization 

T.  T.  READ,  Chairman 
CHARLES  W.  OOODALE 
EDWIN  HIOOINS 
R.  DAWSON  HALL 
C.  R.  HOOK 
HENNEN  JENNINGS 
CORNELIUS  B.  LAKENAN 
JOHN  LANGTON 
A.  P.  LANZA 
JOHN  LLOYD 
J.  W.  PAUL 
JAMES  B.  RISQUE 
J.  C.  ROBERTS 
BURR  A.  ROBINSON 


CARL  SCHOLZ 
L.  A.  8H0UDY 
FRANCIS  P.  SINN 
WILLIAM  ALLEN  SMITH 
BENJAMIN  F.  TILLSON 
W.  O.  WHILDIN 
ARTHUR  WILLIAMS 
H.  M.  WILSON 
H.  M.  WOLFLIN 
DWIGHT  E.  WOODBRIDGE 
H.  I.  YOUNG 


SUB-GOMMITTKE  ON   AMEBIC ANIZATION 

HENNEN  JENNINGS.  Chairman        CORNELIUS  B.  LAKENAN        JAMES  B.  RISQUE 

(To  eodperate  nith  National  AmerioanUation  Committee) 

SUB-COMMITTEE   ON  CBIPPLB8  IN  INDUSTRY 

B.  A.  ROBINSON.  Chawman  NEWELL  G.  ALFORD  EDWIN  HIGGINS 

(To  cooperate  with  the  Surgeon  General.  U.  S.  A.,  and  the  Red  Croae  Institute) 

SUB-COMIOTTEE   ON  EDUCATION 

E.  £.  BACH,  Chairman  M.  M.  DUNCAN  J.  C.  ROBERTS 

(To  cooperate  with  National  Aaeoeiation  of  Corporation  Schools) 

SUB-COMMITTEE   ON   EMPLOYMENT 

H.  M.  WILSON,  Chairman  WILLIAM  L.  CLARK  WILLIAM  ALLEN  SMITH 

(To  eodperate  with  U.  S.  Department  of  Labor) 

BUB-COMMITTEE   ON  HOUSINQ 

C.  R,  HOOK.  Chairman  JOHN  LANGTON  W.  G.  WHILDIN 

(To  eodperate  with  National  Houains  Association,  and  U.  S.  Dept.  of  Labor) 

SUB-COMMITTEE  ON  MENTAL   HYQIBNE   IN   INDUSTRY 

T.  T.  READ.  Chairman  F.  M.  BARNES  H.  M.  WOLFLIN 

(To  eodperate  with  National  Committee  for  Mental  Hygiene) 

BUB-COMMITTEE   ON   PREVENTION   OF  ILLNESS 

H.  I.  YOUNG,  Chairman  A.  P.  LANZA  L.  A.  SHOUDY 

(To  cooperate  with  American  Public  Health  Association,  etc.) 

SUB-COMBUTTEE   ON  SAFETY 

B.  F.  TILLSON.  Chairman  H.  G.  DAVIS  J.  W.  PAUL 

(To  eodperate  with  National  Safety  Council) 


SUB-COMMITTEE   ON  SOCIAL   SURVEYS 

C.  W.  GOODALE,  Chairman  PHILIP  R.  BRADLEY  FRANCIS  P.  SINN 

(To  cooperate  with  Russell  Sage  Foundation) 

COMMITTEE  ON  ARRANGEMENTS,  NEW  YORK  (119TH)  MEETING,  1919 

ALLEN  H.  ROGERS.  Chairman  W.  S.  DICKSON,  SwrMtary 

J.  E.  JOHNSON.  J».  F.  T.  RUBIDGE  P.  G.  SPILSBURY 

H.  C.  PARMELEE  FOREST  RUTHERFORD 


Ixiv  Monthly  Bulletin  No.  146,  February,  1919 


OFFICERS  AND  DIRECTORS 

For  the  year  ending  Februioj,  1919 

Presidknt 
SIDNEY  J.   JENNINGS, New  Yobe,   N.   Y. 

Past  Presidents 

L.  D.  RICKETTS, New  Yore,  N.  Y. 

PHILIP  N.  MOORE, St.  Loma,  Mo. 

First  Vice-president 
C.  W.  GOODALE, Butte,  Mont. 

^  • 

Treasurer 
GEORGE  D.  BARRON, New  York,  N.  Y 

Secretary 
BRADLEY  STOUGHTON, New  Yore,    N.    Y. 

Vice-presidents 

KARLEILERS,! District  0 New  Yore,  N.Y. 

.  District  4 Calumet,   Mich. 

.  District  6 Buttb,  Mont. 

.  District  6.    .....  San  Francisco^  Cai^ 

.  District  2 So.  Bethlehem,  Pa. 

.  District  0 New  Yore,  N.Y. 

Directors 


JAMES  MacNAUGHTON,! 
CHARLES  W.  GOODALE, « 
MARK  L.  REQUA,»  .  .  . 
HENRY  S.  DRINKER,*  . 
ROBERT  M.  RAYMOND,' 


GEORGE  D.  BARRON,  1 District  0 New  Yore,  N.Y. 

EDWIN  LUDLOW,! District  2 Lansford,     Pa. 

CHARLES  F.  RAND,  1 District  0 New  Yore,  N.  Y. 

THOMAS  B.  STEARNS,  1 District  7 Denver,   Cow>. 

B.  B.  THAYER,! District  0 New  Yore,  N.  Y. 

J.  E.  JOHNSON,  JR,» District  0 NeW  Yore,  N.  Y, 

ALLEN  H.  ROGERS,* District  1 Boston,    Mass. 

HOWARD  N.  EAVENSON,«     .    .    .  District  9 Gary,  W.   Va. 

J.  V.  N.  DORR,* District  0 New  Yore,  N.  Y. 

WILLET  G.  MILLER,* District  11 Toronto,  Cakada. 

FREDERICK  G.  COTTRELL,*    .    .  District  6 San  Francisoo,  Cai^ 

HENNEN  JENNINGS,' District  9.    .......  Washington,  D.  C- 

GEORGE  C.  STONE,' District  0 New  Yore,  N.  Y. 

SAMUEL  A.  TAYLOR,' District  2 PrrmBUROB,    Pa. 

ARTHUR  THACHER,' Districts St.  Louis,    Mol 


» Until  Feb.,  1919.  '  UntU  Feb.,  1920.  '  Until  Feb.,  1921, 


that  I 

entitle 


I? 


si 


?.i 


a     3 


i; 

^1 

h| 

.s°. 

'1 

■p 

:  1 

II 

■  'p 

ill 

1 

i 

1 

1 

1 

1 

|l 

entran 


u 


REQUIREMENTS  FOR  MEMBERSHIP 

Extract  From  Constitution 

ARTICLE  II 

Members 

c.  1.  The  membership  of  the  Institute  shall  comprise  four  classes,  namely: 
Slnbers;  2.  Honorary  Members;  3.  Associates;  4.  Junior  Associates. 

.  members  shall  be  equally  entitled  to  the  privileges  of  membership,  excepting 

ilonorary  Members,  Junior  Associates,  and  Members  and  Associates  whose 
j^  ices  shall  be  outside  of  the  United  States,  Mexico^  and  Canada,  shall  not  be 

'd  to  vote.  Members  and  Associates  residing  within  the  United  States  of 
M;a,  Mexico,  and  Canada,  and  not  in  arrears  for  dues,  shall  be  entitled  to  vote  in 

I  at  the  meetings  of  the  Institute,  or,  as  hereinafter  provided  for,  by  letter 

Cp.  2.  MEMBERS  shall  comprise  all  those  persons  who  on  the  third  Monday 
•ruary,  1918,  were  members  of  the  Institute,  and  in  addition  thereto,  all  those 
f  ter  elected  or  transferred  into  the  class  of  Members. 

BMBERS  must  be  at  least  27  years  of  age  and  must  have  had  at  least  six  years' 
Gyment  in  the  practice  of  engineering,  mining,  geology,  metallurgy  or  chemistiy, 
;  at  least  three  years  of  which  they  must  have  held  positions  of  responsibility  m 
more  of  these  fields. 

naduation  from  the  scientific  course  of  a  college^  approved  by  the  Committee  on 
>ership,  shall  be  considered  equivalent  to  two  years'  employment,  as  required 
previous  sentence. 

iployment  as  a  teacher  of  engineering,  mining,  geology,  metallurgy  or  chemistry, 
KIrect  charge,  may  be  considered  a  position  of  responsibility  as  specified  in  the 
j)  preceding  paragraph. 

Crsons  employed  in  research  or  any  scientific  literary  work  or  in  teaching  in  the 
Mfic  departments  of  colleges,  appro v^  by  the  Committee  on  Membership,  who 
j^ame  time  are  engaged  in  consulting  or  in  the  active  practice  of  mining,  geology, 
^allurgy,  shall  be  entitled  to  consider  the  time  so  spent  in  active  practice  as 
^.lent  to  an  eoual  length  of  time  of  employment  in  jpositions  of  responsibility, 

ed  the  work  done  or  the  positions  held  seem  to  the  Committee  on  Membership 

rant  the  equivalency. 

GJe  requirement  of  three  years'  emjsloyment  in  positions  of  responsibility  may  bo 
pjl  by  the  Committee  on  Membership  m  the  case  of  persons  who  have  done  notable 
^1  work  in  mining,  geology,  or  metallurgy,  or  have  won  distinction  by  research  or 
Mgations  in  one  or  more  of  these  subjects.  By  investigation  or  research  is 
Titood  laboratory  experimentation  as  distinct  from  investigations  in  literature 
epilations  of  the  work  of  others. 

JSOCIATES  shall  be  those  who,  in  the  opinion  of  the  Committee  on  Membership 
Ae  Board  of  Directors,  are  suitable  for  such  election  or  transfer  by  reason  of  their 
•f^t  in  or  connection  with  mining,  geology,  metallurgy,  or  chemistry. 

J'NIOR  ASSOCIATES  shall  comprise  all  students  in  good  standing  in  engineer- 
Viools,  who  have  not  taken  their  degrees  and  are  nominated  by  at  least  three 
■pers,  two  of  whom  must  be  their  instructors.  A  Junior  Associate  may  remain 
lot  longer  than  five  years  after  leaving  the  engineering  school,  at  the  end  of 
^period  his  qualifications  to  become  a  Member  or  Associate  must  be  passed 
Coy  the  Committee  on  Membership.  If  elected  he  shall  pay  at  that  time  the 
gee  fee  and  dues  of  a  Member  or  .A^ociate. 

-^ase  there  is  any  question  as  to  the  classification  of  a  candidate  the  Committee 
_;mbership  may  require  from  him  any  evidence  he  desires  to  present  and  the 
»n  of  the  Committee  as  to  the  proper  status  shall  be  final.  % 

• 
ery  candidate  for  election  as  a  Member,  Associate,  or  Junior  Associate  must  be  i 

jed  for  election  by  at  least  three  Members  or  Associates,  must  be  approved  by  j 

)mmittee  on  Membership,  as  prescribed  in  the  By-Laws,  and  must  be  elected  f 

)  Board  of  Directors  f 

i 


I 


TRANSACTIONS  OP  THE  AAiERICAN  INSTITUTE  OP  MINING  ENGINEERS 

[subject  to  REviaioy] 
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I.  OPERATING  TESTS 

1.  Character  of  Ore  under  Investigation 

• 

On  the  eastern  end  of  the  Mesabi  Range,  in  Northern  Minnesota,  is 
&  large  formation  of  siliceous  rock  which  contains  bands  and  fine  grains 

of  magnetite.     The  magnetite  comprises  about  35  per  cent,  of  the  rock, 

*  Supt.,  School  of  Mines  Experiment  Station,  University  of  Minnesota. 
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the  remainder  being  chiefly  quartzite  and  iron  silicates.  The  rock  has 
a  specific  gravity  of  3.4,  a  hardness  of  7,  and  is  extremely  tough. 

This  large  deposit  was  located  early  in  the  history  of  the  Minnesota 
iron-ore  industry  but  has  not  been  utilized  because  of  its  low  percentage 
of  iron  as  compared  with  the  other  Mesabi  ores,  and  because  of  the  diffi- 
culty and  expense  of  any  milling  treatment  that  would  concentrate  the 
iron.  An  investigation,  begun  about  3  years  ago,  shows  that  the  mag- 
netite is  finely  disseminated  throughout  the  entire  formation  and  that 
there  are  bands  or  lenses  of  higher-  and  of  lower-grade  material,  in  which 
the  magnetite  and  silicate  are  intimately  mixed.  As  a  result,  the  scheme 
of  milling  adopted  must  include  a  fine-crushing  plant.  As  it  is  necessary 
to  crush  to  200  mesh  in  order  to  produce  the  desired  grade  of  product,  the 
fine  crushing  is  one  of  the  largest  items  of  expense  and  for  this  reason 
has  been  given  detailed  study.  It  is  the  purpose  of  this  paper  to  pre- 
sent some  of  the  results  of  the  work  on  fine  crushing,  as  to  both  theory 
and  practice. 

Previous  to  fine  crushing  the  part  of  the  rock  that  contains  little  or 
no  magnetite  can  be  discarded  by  magnetic  concentrators  after  each 
reduction  in  size  in  the  dry-crushing  plant.  This  makes  it  possible  to 
fine-crush  a  minimum  of  rock  and  also  establishes  the  feed  to  the  ball- 
mill  as  below  J^  in.  The  fine-crushing  problem,  then,  consists  simply 
in  crushing  the  rock  from  3^  in.  to  200  mesh  at  the  minimum  expense. 

2.  Equipment  op  the  Testing  Plant 

In  order  to  determine,  among  other  things,  the  operating  conditions 
of  the  ball-mill  when  working  on  this  rock,  a  test  mill  of  about  300  T. 
daily  capacity  was  erected  at  Duluth,  Minn.  The  fine-crushing  plant 
contains  a  Hardinge  8-ft.  by  22-in.  (2.4-m.  by  55.8-cm.)  conical  mill,  a 
6-  by  27-ft.  (1.8  by  8.2-m.)  Dorr  duplex  bowl-type  classifier,  a  4)^^-ft. 
(1.37-m.)  standard  Akins  classifier,  and  the  auxiUary  machinery  nec- 
essary to  handle  the  products.  Each  machine  is  driven  by  an  individual 
motor,  each  of  which  is  provided  with  meters  for  measuring  the  power 
required.  Over  150  tests  have  been  made  in  the  ball-mill,  varying  in 
duration  from  a  few  hours  to  several  weeks,  in  every  case  being  con- 
tinued until  operating  conditions  became  steady.  The  plant  is  so 
constructed  that  good  samples  of  all  products  can  be  secured,  both  by 
automatic  samplers  and  by  hand.  An  apron  feeder  governs  the  feed 
rate  and  the  tonnage  is  checked  in  every  test.  Water  is  metered  into 
the  circuit  and  every  precaution  is  taken  to  make  the  data  accurate  and 
reliable. 

It  is  a  little  hard  to  secure  a  basis  upon  which  to  compare  crushing 
results.  Neither  Kick's  nor  Rittinger's  law  of  crushing  is  of  much  use 
in  this  case.  This  is  evident  when  it  is  considered  that  the  average  siae 
of  a  particle  finer  than  200  mesh  is  a  matter  of  opinion,  and  that  in 
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this  crushing  problem  practically  all  the  ore  must  be  crushed  to  pass  a 
200-mesh  screen.  The  comparisons  have  therefore  been  made  on  the 
basis  of  kilowatt-hours  per  ton  of  material  finer  than  200  mesh  actu- 
ally produced.  This,  of  course,  does  not  give  a  scientifically  exact 
basis  for  comparison,  but  since  only  the  material  belov  200  mesh  is 
considered  finished  product,  in  this  case  this  is  a  suitable  method  for 
comparison. 

3.  Open-cihcuit  Crushing 

The  object  of  this  test  was  to  detennine  the  crushing  efficiency  of 
the  ball-mill  when  operating  in  open  circuit.    The  conditions  were  as 

follows: 

Feed  rate,  vari&ble  from  3  to  IS  T.  per  hr. 

BaU  toad,  28,000  lb.  of  6-,  4-,  3-,  and  2H^.  balls. 

Speed,  19.7  r.p.oi. 

Ball-mill  power,  88  kw. 

Feed,  minus  }i  in.,  containing  6.62  per  cent,  minus  200-nie8h  material. 

Amount  of  solids,  about  50  per  cent. 

Table  1. — Data  Obtained  in  Open-drcutt  Crushing 


Fe«d,  tons  per  hour 

Tona  of  -  200  mesh  actually  produced  per 

Kilowatt-hours  per  ton  of    —200  meah 

produced 


7.40     11.00 
3.77       4.85 
18.55  I  23.53  ,  18.04 


15.00 
6.03 


18.00 
7.67 
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Fig.  1  shows  graphically  that  the  tonnage  of  minus  200-mesh  ma- 
terial produced  varies  directly  with  the  tonnage  fed  to  the  mill.  There 
is  undoubtedly  some  limit  to  this  relation,  but  there  seems  to  be  no  in- 
dication of  it  at  18  T.  per  hr.  Some  of  the  conclusions  drawn  from  this 
test  are  that:  (a)  The  ball-mill  is  naturally  a  machine  of  very  large 
capacity;  (6)  if  it  is  not  possible  to  deliver  a  large  tonnage  of  original 
feed  to  the  mill,  a  closed  circuit  should  be  provided  so  that  the  mill  may 
crush  its  own  oversize. 


4.  Closed-circuit  Crushing 

The  object  of  these  tests  was  to  determine  the  crushing  efficiency  of 
the  ball-mill  when  crushing  in  closed  circuit  with  a  classifier.  The 
conditions  were  as  follows: 

Feed  rate,  variable  from  4  to  15  T.  per  hr. 
BaU  load,  28,000  lb.  of  3-  and  2-in.  balls. 
Speed,  23.8  r.p.m. 
Ball-mill  power,  108  kw. 
Feed,  minus  K~in.  material. 
Amount  of  solids,  about  60  per  cent. 

Table  2. — Data  Obtained  in  Closed-circuit  Crushing 


Test  No. 


108 


110    I     111 


Feed,  tons  per  hour '    4 .  63 

Tons  per  hour  of  —200  mesh  ' 

actually  produced 4.01 

Kilowatt-hours    per    ton    of 

-200  mesh  produced 26.95 


6.00 

4.34 

24.90 


5.60    6.50 


7.37  11.00 


4.62    6.34    5.63 


23.40 


20.20 


19.20 


6.82 
16.00 


150         IM 

15.31 


12.57 

8.07 

13.10 


9.11 
11.92 


The  results  of  these  tests  also  are  shown  in  Pig.  1.  It  is  interesting 
to  note  that  the  curve  showing  tons  per  hour  of  minus  200-mesh  mate- 
rial does  not  tend  to  flatten  out  as  the  tonnage  to  the  mill  is  increased. 
The  power  per  ton  is  also  continually  decreasing.  It  is,  of  course,  im- 
possible to  state  how  much  further  this  condition  will  continue,  but  it 
seems  evident  that  it  will  continue  for  tonnages  considerably  beyond 
15  T.  per  hr.  As  the  two  curves  are  slowly  converging,  at  some  large 
tonnage  the  amount  of  minus  200-mesh  material  produced  per  kilowatt- 
hour  will  be  the  same  for  either  open-  or  closed-circuit  crushing.  The 
real  advantage  then  gained  by  the  closed-circuit  system  lies  in  the  fact 
that  the  product  consists  of  particles  much  more  uniform  in  size.  Al- 
though the  average  reduction  in  both  systems  may  be  the  same,  the 
closed-circuit  will  deliver  a  product  in  which  the  maximum-size  particle 
will  be  much  nearer  the  average  size  than  will  the  open-circuit  system. 
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The  following  conclusions  may  be  stated  from  these  two  series  of  tests: 
(a)  For  equal  tonnages  of  original  feed,  the  closed-circuit  crushing 
system  produces  the  greater  tonnage  of  minus  200-mesh  material  per 
kilowatt-hour.  (6)  For  equal  tonnages  of  original  feed,  the  closed- 
circuit  system  of  crushing  shows  the  greater  average  reduction,  (c) 
There  is  no  indication  that  the  mill  was  operated  at,  or  even  near,  a 
tonnage  that  would  give  the  greatest  number  of  tons  of  minus  200-mesh 
material  per  kilowatt-hour,  (d)  Closed-circuit  crushing  wiU  always  have 
the  advantage  over  open-circuit  crushing,  in  that  the  maximum-size 
particle  produced  will  be  much  nearer  the  average  size.  This  is  a  de- 
sirable condition  since  the  size  of  the  balls  making  up  the  charge  must  be 
computed  on  the  maximum-size  particles  in  the  feed  rather  than  the 
average  size. 

6.  Single-stage  Crushing  No.  113 

The  object  of  this  test  was  to  determine  the  capacity  of  the  ball-mill 
crushing  in  closed  circuit  and  producing  200-mesh  material.  The  con- 
ditions were  as  follows: 

Feed  rate,  7.37  T.  per  hr. 

Classifier,  Dorr  duplex  bowl-type. 

BaU  load,  28,000  lb.  of  2-  and  2^-in.  balls. 

Speed,  23.8  r.p.m. 

Ball-mill  power,  108  kw. 

Feed,  minus  )^-in.  ore. 

Amount  of  solids,  about  70  per  cent. 

Table  3. — Data  Obtainde  in  Single^tage  Crushing 


^sr*' 

Ban-mlU  Feed 

Claaaifier  Overflow 

Meah* 

Per  Cent. 

Cum. 
Per  Cent. 

Per  Cent. 

Cum. 
Per  Cent. 

On      4 
On      8 
On    14 
On    28 
On    48 
On  100 
On  200 
On  300 
Through  300 

4.70 

2.36 

1.17 

0.59 

0.295 

0.147 

0.074 

29.18 
27.07 
15. 4 1 
7.93 
4.51 
3.66 
2.85 
1.61 
7.78 

29.18 
56.25 
71.66 
79.59 
84.10 
87,76 
90.61 
92.22 
100.00 

1.45 
11.75 
14.95 
71.85 

• 

1.45 

13.20 

28.15 

100.00 

• 

100.00 

100.00 

*  Tyler  standard  testing  screens  were  used  throughout  this  investigation. 

There  were  6.63  T.  of  minus  200-mesh  material  actually  produced 
per  hour  and  19.2  kw.-hr.  per  ton  of  minus  200-mesh  material  produced 
were  required.  The  classifier  delivered  33  T.  of  sand  per  hour.  The  total 
ball-mill  feed  was  therefore  40.37  T.  per  hr.  or  550  per  cent,  of  the  original 
feed. 
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6.  Two-stage  Crushing 

The  object  of  these  tests  was  to  determine  the  capacity  of  ball-mills 
when  crushing  in  two  stages.     The  conditions  of  the  test  were  as  follows: 


First  Stage 

Feed  rate,  16.31  T.  per  hr. 
Classifier,  Dorr  duplex  with  baffled 

overflow. 
Ball  load,  28,000  lb.  of  3-  and  2-in. 

balls. 
Speed,  23.8  r.p.m. 
Ball-mill  power,  108  kw. 


Second  Stage 

Feed  rate,  6.54  T.  per  hr. 

Classifier,  Dorr  duplex. 

Ball  load,  28,000  lb.  of  2-  and  1- 

in.  balls. 
Speed,  23.8  r.p.m. 
Ball-mill  power,  108  kw. 


Table  4. — Daia  Obtained  in  Two^tage  Crushing 


Mesh 


On  4 
On  8 
On  14 
On  28 
On  48 
On  100 
On  200 
On  300 
Through  300 


Open- 
ing, 
Mm. 


First  Stage 


"  Ball-mill  Feed 


Per 

Cent. 


Classifier  Overflow 


Cum. 

Per 

Cent. 


Per 

Cent. 


Cum. 

Per 

Cent. 


Second  Stage 


Ball-mill  Feed 


Per 

Cent. 


Cum. 

Per 

Cent. 


Classifier  Overflow 


Per         Cum. 
Cent.   I       Per 
I     Cent. 


4.70 

29.17 

29.17 

\ 

2.36 

26.22 

55.39 

1.17 

14.13 

69.52 

0.30 

0.30 

0.69 

8.62 

78.14 

0.32 

0.62 

0.295 

4.67 

82.81 

4.30 

4.30 

5.40 

6.02 

0.147 

3.32 

86.13 

15.80 

20.10 

39.00 

45.02 

2.45 

0.074 

3.28 

89.41 

18.80 

38.90 

37.98 

83.00 

13.25 

1.68 

91.09 

11.35 

50.25 

8.24 

91.24 

17.70 

8.91 

100.00 

49.75 

100.00 

8.76 

100.00 

66.60 

100.00 

100.00 

100.00 

100.00 

2.45 

15.70 

33.40 

100.00 


In  the  first  stage,  9.11  T.  of  minus  200-mesh  material  were  pro- 
duced ,per  hour  and  11.98  kw.-hr.  were  required  for  each  ton  of  minus 
200-mesh  material  produced.  The  classifier  delivered  32  T.  of  sand  per 
hour.  The  total  feed  to  the  mill  was  therefore  47.31  T.  per  hr.  or  308 
per  cent,  of  the  original  feed.  The  classifier  overflow  was  reclassified; 
most  of  the  material  below  200  mesh  being  discharged  from  the  crush- 
ing circuit  while  the  sands  were  fed  to  the  second  stage.  In  this  stage 
3.73  T.  of  minus  200-mesh  material  were  produced  per  hour  and 
28.9  kw.-hr.  were  required  for  each  ton  of  minus  200-mesh  material 
produced. 

The  classifier  delivered  5  T.  of  sand  per  hour.  The  total  feed  to 
the  ball-mill  was  therefore  11.54  T.  per  hr.  or  179  per  cent,  of  the 
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original  feed.  It  was  evident  that  the  ball-mill  was  greatly  under- 
loaded in  this  test,  but  so  much  trouble  developed  in  the  classifieri 
due  to  the  tendency  of  the  sands  to  slip  down  the  slopes,  that  a 
more  rapid  feed  was  not  attempted  at  this  time.  The  classifier  had 
been  set  at  a  slope  of  1}^^  in.  per  ft.  (125  mm.  per  m.)  and  conditions 
were  such  that  the  slope  could  not  be  decreased.  It  was  impossible  also 
to  use  the  bowl  overflow  at  this  flat  slope  without  rebuilding  the  classi- 
fier. At  the  present  writing  this  work  has  not  been  completed.  It 
seems  certain,  however,  that  the  baU-mill  wiU  crush  to  200  mesh  a  con- 
siderably greater  tonnage  when  the  proper  classification  is  provided. 
Since  in  previous  tests  the  mill  has  crushed  7^  T.  per  hr.  from  J^  in. 
to  200  mesh,  it  seems  possible  that  it  will  crush  at  least  8  T.  per  hr. 
from  48  to  200  mesh. 

Comparing  single-  and  double-stage  crushing  on  the  basis  of  these 
two  tests,  it  appears  that  the  single-stage  crushing  produces  a  ton  of 
minus  200-mesh  material  for  19.2  kw.-hr.  while  double-stage  crushing 
produces  a  ton  of  minus  200-mesh  material  for  16.8  kw.-hr.  These 
figures,  though,  do  not  show  the  real  relative  efi&ciencies  of  the  two  sys- 
tems, for  the  second  stage  of  the  two-stage  system  was  so  obviously  under- 
loaded. The  conclusions  drawn  from  these  tests  are  that  (a)  two-stage 
crushing  shows  a  greater  efi&ciency  than  single-stage,  (6)  two-stage 
crudhing  is  much  more  flexible  and  offers  greater  possibilities  for  improve- 
ment than  does  single  stage.  In  addition,  a  considerable  amount  of 
tailing  can  be  discarded  between  the  stages. 

7.  Large  vs.  Small  Balls 

Two  tests  with  closed-circuit  crushing  are  reported  to  show  the 
efficiency  of  the  ball-mill  when  charged  with  large  and  with  small 
balls. 

Test  No.  12  shows  a  production  of  6.3  T.  of  minus  200-mesh  material 
per  hour,  which  is  17.15  kw.-hr.  per  ton  of  this  material  actually  produced. 
Test  No.  150  shows  a  production  of  8.07  T.  of  minus  200-mesh  material  per 
hour,  which  is  13.10  kw.-hr.  per  ton  of  this  material  actually  produced. 
These  two  tests  clearly  indicate  the  superiority  of  small  balls.  It  is 
instructive  to  compare  the  classifier  sands  in  these  two  tests  (see 
Table  6). 

It  appears  that  the  small  balls  produced  a  much  more  uniform  sand 
than  did  the  large  balls.  The  evident  crowding  of  material  at  certain 
sizes  is  almost  entirely  absent  in  the  small-baU  test.  Since  this  classifier 
sand  is  comp6sed  of  the  particles  of  ore  that  have  passed  through  the 
mill  at  least  once  without  being  crushed,  it  appears  that  the  large  balls 
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Table  5.- 


•Data  Obtained  in  Closed-Circuit  Crushing  ivith  Large 

and  Small  Balls 


Operating  Faeton 


Feed  rate,  tons  per  hr 

Classifier 

BaUload,  lb 

Size  of  balls,  in 

Max.  size  of  feed,  in 

Speed,  r.p.m 

Ball-mill  power,  kw 

Per  cent,  solids  in  feed 

Circulating  load,  tons  per  hr 


Teat  No.  12. 
Large  Balb 


10.8 
Drag  type 

28,000 
5,  4,  3,  2M 

23.8 
109 
60 
40 


Test  No.  150. 
Small  Balls 


12.67 
Dorr  duplex 
28,000 
2%,  2 

23.8 
108 
60 
27 


Open- 
ing. 
Mm. 

T«st  12.  Large  Balls 

Teat  150,  SmaU  Balls 

Meeh 

Ball-mill  Feed 

Claasifier  Overflow 

Ball-mill  Feed 

Classifier  Overflow 

• 

Per 
Cent. 

■ 

Cum. 

Per 

Cent. 

Per 

Cent. 

Cum. 

Per 

Cent. 

Per 

Cent. 

Cum. 

Per 

Cent. 

Per 
Cent. 

Cum. 

Per 

Cent. 

On      4 

4.70 

22.70 

22.70 

47.80 

47.80 

On     8 

2.36 

31.98 

54.68 

19.08 

66.88 

On    14 

1.17 

14.64 

69.32 

10.19 

77.07 

On    28 

0.59 

6.60 

75.92 

6.03 

83.10 

On    48 

0.295 

6.55 

82.47 

3.32 

86.42 

On  100 

0.147 

4.13 

86.60 

11.50 

11.50 

2.64 

89.06 

8.65 

*  8.65 

On  200 

0.074 

3.90 

90.50 

20.80 

32.30 

2.41 

91.47 

18.70 

27.35 

On  300 

1.07 

91.57 

10.85 

43.15 

1.50 

92.97 

12.80 

40.15 

Through  300 

8.43 

100.00 

56.85 

100.00 

7.03 

100.00 

59.85 

100.00 

100.00 

100.00 

100.00 

100.00 

Table  6. — Classifier  Sands  in  Tests  of  Table  5 


Mesh 

Opening, 

From  Large  Balls 

From  Small  Balls 

Per  Cent. 

Cum. 
Per  Cent. 

Per  Cent. 

Cum. 
Per  Cent. 

On      4 
On      8 
On    14 
On    28 
On    48 
On  100 
On  200 
On  300 
Through  300 

4.70 

2.36 

1.17 

0.59 

0.295 

0.147 

0.074 

0.74 

'2.80 

12.50 

31.60 

36.60 

7.48 

4.20 

4.08 

0.74 
3.54 
16.04 
47.64 
84.24 
91.72 
95.92 
100.00 

10.26 
9.64 

9.86  • 
14.38 
18.10 
19.78 
10.08 
2.36 
5.54 

10.26 
19.90 
29.76 
44.1^ 
62.24 
82.02 
92.10 
94.46 
100.00 

100.00 

100.00 
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reduce  the  coarse  particles  very  readily  but  have  trouble  in  crushing  the 
finer  particles.  On  the  other  hand,  the  small  balls  appear  to  crush  all 
particles  equally  well.  From  this  it  would  seem  to  be  possible,  by  an 
analysis  of  the  classifier  sands,  to  determine  whether  or  not  the  balls  are 
too  large  or  too  small  for  the  work  they  are  doing.  If  the  screen  analysis 
of  the  sands  is  crowded  on  the  upper  end,  the  balls  are  too  small ;  if  it  is 
crowded  at  the  approximate  size  of  the  overflow,  the  balls  are  too  large. 
The  best  results  have  been  obtained  when  the  screen  analysis  of  the  sands 
is  about  uniform  between  the  size  of  the  original  feed  and  the  size  of  the 
overflow. 

8.  Relation  Between  Speed  of  Mill  and  Size  of  Balls 

Improper  mill  speed  seems  to  be  indicated  in  the  same  way.  Table 
7  shows  screen  analyses  of  classifier  sands  from  tests  in  which  only  the 
speed  of  the  mill  was  changed. 

Table  7. — Classifier  Sands  from  Balls  of  5-,  4-,  3-,  and  2}4r  i^-  Diameter 


MMh 

Opoiing. 

16.6  r.p.m. 

10.7  r.p.m. 

23.8  r.p.m. 

Per  Cent. 

Cum. 
Per  Cent. 

Per  Cent. 

Cum. 
Percent. 

Per  Cent. 

Cum. 
Per  Cent. 

On      4 
On      8 
On    14 
On    28 
On    48 
On  100 
On  200 
On  300 
Through  300 

4.70 

2.36 

1.17 

0.59 

0.295 

0.147 

0.074 

3.78 
6.32 

5.56 

7.35 

14.71 

35.41 

20.16 

2.51 

4.20 

3.78 
10.10 
15.66 
23.01 
37.72 
73.13 
93.29 
95.80 
100.00 

1.02 
4.30 

15.34 
30.43 
33.24 
10.08 
1.38 
4.21 

1.02 
5.32 

20.66 
51.09 
84.33 
94.41 
95.79 
100.00 

3.54 

12.50 

31.60 

36.60 

7.48 

4.20 

4.08 

3.54 
16.04 
47.64 
84.24 
91.72 
95.92 
100.00 

100.00 

100.00 

100.00 

The  balls  were  so  much  too  large  that  a  reduction  in  speed  to  16.6 
r.p.m.  could  not  compensate  for  them.  In  the  next  tests  the  balls  were 
more  nearly  of  the  proper  diameter  for  the  work  to  be  done. 
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Table  8. — Classifier  Sands  from  Bdlls  of  4-,  3-,  2^^,  and  24n.  Diameter 


19.8  1 

r.p.m. 

21.1] 

'.p.m. 

23.8  1 

'.p.m. 

Mesh 

• 

Opening. 

Per  Cent 

Cum. 
Per  Cent. 

Per  Cent. 

Cum. 
Per  Cent. 

Per  Cent, 

Cum. 
Per  Cent. 

On      4 

4.70 

1.84 

1.84 

1.46 

1.46 

On     8 

2.36 

1.32 

3.16 

0.82 

2.28 

0.66 

0.66 

On    14 

1.17 

1.86 

6.02 

1.14 

3.42 

1.34 

2.00 

On    28 

0.59 

4.26 

9.28 

3.28 

6.70 

4.19 

6.19 

On    48 

0.295 

9.20 

18.48 

8.82 

15.52 

9.65 

15.84 

On  100 

0.147 

25.84 

44.32' 

26.06 

41.58 

29.44 

45.28 

On  200 

0.074 

34.86 

79.18 

35.64 

77.22 

36.22 

81.50 

On  300 

11.88 

91.06 

11.46 

88.68 

10.98 

92.48 

Through  300 

8.94 

100.00 

11.32 

100.00 

1 

7.62 

100.00 

100.00 

100.00 

100.00 

1 

In  the  tests  shown  in  Table  9,  in  which  balls  of  23^^-,  2-,  and  l^-i^- 
diameter  (63.5,  50.8,  and  38.1  mm.)  were  used,  the  tonnage  also  being 
increased,  the  effect  of  a  change  in  speed  is  much  more  marked. 

Table  9. — Classifier  Sands  from  BdUs  of  23^-,  2-,  and  IJ^-tn.  Diameter 


Mesh 

Opening, 

10.8  r.p.m. 

23.8  r.p.m. 

Per  Cent. 

Cum. 
Per  Cent. 

Per  Cent. 

Cum. 
Per  Cent 

On      4 
On      8 
On    14 
On    28 
On    44 
On  100 
On  200 
On  300 
Through  300 

4.70 

2.36 

1.17 

0.59 

0.295 

0.147 

0.074 

34.06 

14.06 

9.54 

10.24 

10.94 

11.56 

6.28 

1.52 

1.80 

34.06 
48.12 
57.66 
67.90 
78.84 
90.40 
96.68 
98.20 
100.00 

10.26 
9.64 

9.86 
14.38 
18.10 
19.78 
10.08 
2.36 
5.64 

10.26 
19.90 

29.76 
44.14 
62.24 
82.02 
92.10 
94.46 
100.00 

100.00 

1 

100.00 

In  the  preceding  test,  at  19.8  r.p.m.  the  circulating  load  became  so 
large,  over  60  T.  per  hr.,  that  operation  had  to  be  discontinued  for  the 
mill  was  unable  to  handle  the  coarse  ore.  The  obvious  conclusion  is 
that  either  the  speed  of  the  mill  should  be  increased  slightly  or  balls  of  a 
little  larger  diameter  should  be  used.  At  23.8  r.p.m.  the  sands  were 
nearly  uniform  and  at  this  speed  the  mill  showed  the  greatest  efficiency. 

In  order  to  show  the  marked  effect  of  a  slight  change  in  the  average 
size  of  balls,  the  two  tests  shown  in  Table  10  are  reported,  in  which  all 
conditions  were  the  same  except  the  size  of  balls. 
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Table 

• 

10,— Effect 

of  Slight  Change  in  Size  of  Balls 

Avg.  Siie,  2K  in- 

Avg.  8Ue,  2^  in. 

%#        'L 

"^^ 

Mesh 

Percent,      j     p^^^^^^,. 

Per  Cent. 

Cum. 
Per  Cent. 

On      4 

4.70 

10.26 

10.26 

0.80 

0.80 

On      8 

2.36 

9.64 

19.90 

3.22 

4.02 

On    14 

1.17 

9.86 

29.76 

7.44 

11.46 

On    28 

0.59 

14.38 

44.14 

18.84 

30.30 

On    48 

0.295 

18.10 

62.24 

31.04 

61.34 

On  100 

0.147 

19.78 

82.02 

25.36 

86.70 

On  200 

0.074 

10.08 

92.10 

7.92 

94.62 

On  300 

^ 

2.36             94.46 

1.94 

96.56 

Through  300 

1    _ .        _  _ 

5.54 

100.00 

1.      ..     . 

3.44 

1 

100.00 

100.00 

100.00 

From  this  series  of  tests  the  following  conclusions  may  be  drawn: 

(a)  If  the  balls  are  large  or  the  speed  of  the  mill  is  high,  crowding  will 
appear  at  the  finer  sizes  in  the  classifier  sands. 

(6)  If  the  balls  are  small  or  the  speed  is  low,  crowding  will  appear  at 
the  coarser  sizes  in  the  classifier  sands. 

(c)  The  indications  are  .that  best  eflSciency  is  obtained  when  the 
screen  analysis  of  the  sands  shows  a  minimum  of  crowding  at  any  size. 
This  statement  has  not  been  proved  conclusively,  however. 

9.  Deductions  from  Operating  Tests 


The  foregoing  tests  are  only  a  few  of  the  more  important  ones  that 
were  made.  Over  160  tests  have  been  made  altogether,  and  it  may  be 
of  value  to  state  some  of  the  general  conclusions  from  them. 

1.  In  every  case  an  increase  in  the  tonnage  fed  to  the  mill  resulted 
in  an  increase  in  the  efiSciency. 

2.  In  every  test  the  limiting  factor  of  the  test  was  not  the  ball-mill 
but  some  auxiliary  apparatus,  usually  the  classifier. 

3.  All  tests  point  to  the  fact  that  the  ball-mill  is  a  machine  of  very 
large  capacity,  especially  if  it  is  provided  with  proper  auxiliary  apparatus. 

4.  Classifying  and  pulp-handling  machines  that  will  handle  a  cir- 
culating load  of  at  least  500  per  cent,  of  the  original  feed  should  be 
provided. 

5.  Closed-circuit  crushing  is  more  desirable  than  open-circuit. 

6.  The  real  advantage  in  closed-circuit  crushing  lies  in  the  fact  that 
the  maximum  size  of  particle  is  nearer  the  average  size  of  particle  dis- 
charged from  the  circuit. 

7.  Two-stage  crushing  is  more  efficient  than  single-stage. 
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8.  The  real  advantage  in  two-stage  crushing  lies  in  the  fact  that  the 
ball  charges  can  be  adjusted  more  nearly  to  the  required  conditions. 

9.  Two-stage  open-circuit  crushing  does  not  present  this  advantage, 
as  the  maximum-sized  particle  in  both  stages  is  more  nearly  the  same. 

10.  The  proper  adjustment  between  size  of  balls  and  speed  of  miU 
can  be  secured  by  an  examination  of  the  classifier  sands. 

11.  If  the  balls  are  large  or  the  speed  is  high,  the  screen  analysis  of  the 
classifier  sands  will  be  crowded  at  the  finer  sizes. 

12.  If  the  balls  are  small  or  the  speed  is  low,  the  screen  analysis  of 
the  classifier  sands  will  be  crowded  at  the  coarser  sizes. 

13.  From  the  data  at  hand,  the  indications  are  that  the  best  efficiency 
is  obtained  when  the  screen  analysis  of  the  classifier  sands  shows,  a  mini- 
mum of  crowding  at  any  size. 

14.  Balls  no  larger  than  necessary  should  be  used,  as  this  makes  it 
possible  to  charge  the  mill  with  the  greatest  number  of  balls. 

15.  Balls  smaller  than  can  crush  the  larger  particles  of  ore  should  not 
be  kept  in  the  mill  as  they  take  up  space,  absorb  power,  and  do  inefficient 
crushing. 

10.  Design  and  Rbqijlation  of  a  Finb-cbushinq  Plant 

In  view  of  these  conclusions  and  the  testdata  at  hand,  it  is  interesting 
to  outline  the  manner  in  which  a  fine-crushing  plant  may  be  designed. 
In  this  discussion,  the  following  limitations  are  imposed: 

(a)  The  first  cost  of  the  plant  must  not  be  excessive. 

(6)  Since  the  experiments  were  made  with  a  Hardinge  mill  and  a  Dorr 
classifier,  these  are  given  first  consideration  herein,  although  not  nec- 
essarily the  best  adapted  for  the  work  to  be  done. 

(c)  The  plant  is  to  receive  a  feed  and  deliver  a  final  product  approxi- 
mately as  shown  in  Table  11. 


Table  11.- 

-Feed  and  Product  of  Plant 

■\M V 

Opening, 
Mm. 

Feed 

Pro< 
Per  Cent. 

luct 

Mean 

Per  Cent.   < 

Cum. 
Per  Cent. 

Cum. 
Per  Cent. 

On      4 

4.70 

29.17 

29.17 

On      8 

2.36 

26.22 

55.39 

On    14 

1.17 

14.13 

69.52 

On    28 

0.59 

8.62 

78.14 

On    48 

0.295 

4.67 

82.81 

On  100 

0.147 

3.32 

86.13 

0.50 

0.50 

On  200 

0.074 

3.28 

89.41 

6.65 

7.15 

On  300 

1.68 

91.09 

13.75 

20.90 

Through  300 

8.91 

100.00 

79.10 

100.00 
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The  flow  sheet  shown  in  Fig.  2  has  been  designed  to  meet  these 
requirements.  Its  most  conspicuous  feature  is  the  large  number  of 
classifiers;  possibly  there  are  too  many,  but  in  all  tests  the  Umiting  factor 
has  been  the  capacity  of  these  machines.  It  is  estimated  that  the  capac- 
ity of  this  plant  will  be  720  T.  per  day,  receiving  a  feed  and  delivering  a 
product  as  shown.  The  plant  will  require  344  kw.  at  the  switchboard, 
which  will  be  11.5  kw.-hr.  per  ton  of  ore  crushed,  or  14  kw.-hr.  per  ton  of 
minus  200-mesh  material  actually  produced.  This  is  not  an  extremely 
low  figure  as  better  results  have  been  obtained  many  times  in  the  tests. 


CR. 

Ouplca 

•  Ft. 
DapUs 

1      «'i«-^ 

v 

_^_ 

_w 

T 

Product 
-200  lleih 

Fig.  2. — Flow  sheet. 


The  720  T.  per  day,  or  30  T.  per  hr.,  of  original  feed  will  divide  to 
the  various  units  in  the  following  manner:  Each  first-stage  ball-mill  will 
crush  15  T.  per  hr.  to  minus  48  mesh.  This  15  T.  will  pass  into  the 
Simplex  bowl-type  classifier,  where  10  T.  will  overflow  as  finished  product; 
the  5  T.  of  sand,  with  the  5  T.  of  sand  from  the  second  Simplex  bowl-type 
classifier,  will  constitute  the  feed  'to  'the  second-stage  ball-mill.  The 
test  data  indicate  that  this  can  be  accomplished  with  one  classifier  in 
closed  circuit  with  each  ball-mill.  By  adding  the  second  classifier,  as 
shown,  it  is  expected  that  the  tonnage  can  be  increased  at  least  25  per 
cent.  In  order  to  maintain  this  feed  rate,  it  will  be  necessary  to  main- 
tain carefully  the  proper  ball  charge  in  each  mill.     A  slight  increase  or 
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decrease  in  the  average  size  of  the  balls  making  up  the  charge  will  cause 
a  large  loss  in  efficiency  and  a  corresponding  reduction  in  tonnage. 

If  balls  3  in.  (76.2  mm.)  in 'diameter  are  fed  to  the  first-stage  mills  and  if 
all  balls  less  than  2  in.  (50.8  mm.)  in  diameter  are  removed  from  the  mills 
regularly,  the  average  size  of  the  balls  forming  the  working  charge  will 
be  2.499  in.  (63.47  mm.),  which  is  about  the  size  indicated  in  the  tests  as 
giving  the  best  results.  The  working  ball  charge  in  the  mill  will  be  as 
shown  in  Table  12. 


Table 

12. 



'Working  Ball  Charge  in  MiU 

Diameter  of  Balls, 

In 

■ 

Per  Cent,  of 
Weight 

Actual  Weight,  Lb. 

3.00  to  2.75. 

32.63 

9,136.4 

2.75  to  2. 60 

27.21 
22.32 

7,618.8 

2.50  to  2.25 

6,249.6 

2.25  to  2.00. 

17.84 

4,995 . 2 

■      ■      • 

•    • 

Total 

100.00 

28,000.0 

Suppose  that  once  every  week  the  mills  are  stopped  and  all  balls  less 
than  2  in.  in  diameter  are  removed.  If  the  ball  wear  is  2  lb.  per  ton  of 
ore  crushed,  this  will  amount  to  720  lb.  (326.5  kg.)  per  day  for  each  mill. 
This  is  actual  wear  and  takes  no  account  of  the  small  balls  that  are  removed. 
Then,  since  the  working  charge  is  to  comprise  balls  from  3  in.  (76.2  nam.)  to 
2  in.  (50.8  mm.)  in  diameter,  theamount  of  wear  secured  from  each  ball  will 
be  2.89  lb.  (1.31  kg.)  and  the  720  lb.  of  wear  per  day  will  be  taken  care  of 
by  the  reduction  in  diameter  of  249  balls  per  day  from  3  in.  to  2  in.  It 
will  then  be  necessary  actually  to  charge  249  three-inch  balls,  or  1020 
lb.  (462.6  kg.)  per  day. 

It  is  evident  that  some  of  the  minus  2-in.  balls  that  will  be  removed 
after  seven  days  will  be  smaller  than  others.    It  may  be  computed  by 
methods  hereinafter  described  that  the  smallest  ball  will  be  1.92  in. 
(48.7  mm.)  in  diameter.    Then  if  249  three-inch  balls  are  charged  at  the 
beginning  of  each  day,  at  the  end  of  each  day  249  balls  will  have  been 
worn  to  a  diameter  of  less  than  2  in.    At  the  end  of  seven  days  there  will 
be  1743  balls  of  diameter  between  2  and  1.92  in.,  which  will  weigh  1995 
lb.  (904.9  kg.)  and  will  be  removed  from  the  mill.     As  the  operation  of 
each  of  the  first-stage  mills  will  consist  in  charging  249  three-inch  balls 
each  day,  the  mill  charge  will  gain  in  weight  each  day  until  at  the  end  of 
seven  days  it  will  have  gained  1995  lb.  and  will  therefore  weigh  29,995 
lb.    At  the  end  of  the  seven  days,  however,  the  1995  lb.  of  balls  smaller 
than  2  in.  will  be  removed,  leaving  the  original  28,000  lb.  working  chaise, 
as  at  the  beginning  of  the  week. 

Since  in  this  flow  sheet  there  are  two  first-stage  mills,  there  will  be 
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formed  3990  lb.  (1809.8  kg.)  of  balls  per  week  of  average  diameter  1.96 
in.  (49.7  mm.).  These  3990  balls  will  be  used  up  each  week  in  the  daily 
charges  of  balls  to  the  second-stage  mill.  In  order  to  have  a  balanced 
condition,  it  will  be  necessary  to  charge  these  balls  at  the  same  rate  as 
that  at  which  they  are  made,  or  498  balls  per  day.  These  498  balls, 
weighing  571  lb.  (259  kg.),  will  constitute  the  daily  charge  to  the  second- 
stage  mill.  This  mill  is  to  handle  240  tons  of  ore  per  day  and  the  steel 
consumption  at  2  lb.  (0.9  kg.)  per  ton  lyill  be  480  lb.  (217  kg.)  per  day. 
Since  498  balls,  weighing  571  lb.,  are  to  be  added  to  the  mill  each  day, 
498  balls  weighing  91  lb.  (41  kg.)  should  be  removed  each  day.  These 
498  balls  will  weigh  0.1827  lb.  (0.08  kg.)  each  and  will  be  1.06  in.  (26.9 
mm.)  in  diameter.  At  regular  intervals  all  balls  less  than  1  in.  in 
diameter  should  be  removed  from  the  second-stage  mill. 

It  is  now  possible  to  compute  the  screen  analysisof  the  working  charge 
of  balls  in  the  second-stage  mill  (see  Table  13). 


Table  13. — Screen  Analysis  of  Balls  in  Second-stage  Mill 


Sise  of  Ball,  In. 

Per  Cent,  of 
Weight 

Actual  Weight,  Lb. 

1.96  to  1.75 

33.23 
30.32 
21.90 
14.55 

9,304.4 
8,489.6 

1.75  to  1.60 

1.50  to  1.25 

6,132.0 
4,074.0 

1.25  to  1.00 

Total 

100.00 

28,000.0 

If  the  ball  charge  in  the  second-stage  mill  is  screened  once  a  month, 
there  will  be  14,940  balls  less  than  1  in.  in  diameter  to  remove.  The 
smallest  ball  will  be  0.85  in.  (21.59  mm)  in  diameter  and  the  largest  ball 
will  be  1  in.  The  total  weight  of  the  balls  removed  at  the  end  of  the 
month  will  be  1825  lb.  (824.8  kg.).  The  removal  of  this  weight  of  small 
balls  wlQ  again  produce  the  original  charge  that  is  shown  in  the  above 
screen  analysis.  Of  course,  if  the  ball  wear  is  not  2  lb.  per  ton,  as  as- 
sumed, these  figures  will  not  hold.  However,  as  soon  as  the  correct  ball 
wear  is  found,  it  will  be  possible  to  determine  by  this  method  the 
exact  figures  that  will  make  it  possible  to  maintain  the  proper  ball  charge 
and  the  balance  between  the  different  mills  at  all  times.  As  a  result  in 
the  design  of  this  fine-crushing  plant,  provision  should  be  made  for 
sizing  the  ball  charges  of  the  first-stage  mills  each  week  and  of  the  sec- 
ond-stage mill  each  month.  It  can  then  be  done  with  a  very  small  amount 
of  lost  time. 

The  chief  advantages  in  this  flow  sheet  are:  Good  eflBiciency  as  to  the 
power  expended;  large  tonnage  for  the  capital  invested;  and  flexibility. 
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By  adjusting  the  overflow  end  of  the  classifier  in  th^  first  stage,  the  load 
can  be  balanced  perfectly  between  the  two  crushing  stages. 

II.  MECHANICS  OF  THE  BAIIi-MILL 

In  the  endeavor  to  determine  the  best  working  conditions  for  the  ball- 
mill,  a  detailed  mathematical  study  was  made  of  the  action  of  the 
ball  charge.  While  the  data  taken  from  a  properly  conducted  test  are 
convincing,  an  engineer  sometimes  prefers  a  mathematical  proof.  Test 
data  contain  a  large  personal  factor,  not  only  of  manipulation  but  also 
of  the  person  reporting  the  results.  In  the  case  of  ball-mill  crushing  the 
amount  of  available  data  is  enormous  and,  by  careful  selection, 
nearly  any  statement  can  be  ''proved."  For  this  reason,  a  con- 
sideration which  is  entirely  theoretical  and  devoid  of  any  personal  ele- 
ment would  seem  to  be  desirable  and  instructive. 

It  is  evident  that  the  ball  inside  a  revolving  mill  must  act  according  to 
some  exact  regulating  force  which  governs  its  every  motion.  There  are 
three  important  variables  to  consider:  the  speed  of  the  mill,  its  size,  and 
the  size  of  the  ball  charge,  and  it  will  be  the  aim  of  this  discussion  to  show 
the  relation  existing  between  these  variables. 

11.  Action  of  Charge  at  Slow  Speed 

Any  loose  charge  piled  up  in  a  cone  will  assume  a  certain  definite 
critical  angle,  usually  called  the  angle  of  repose.  If  more  of  the  charge 
is  added  to  the  top  of  the  cone,  this  will  be  increased  in  size  but  the  same 
critical  angle  will  be  maintained.  This  is  what  happens  inside  a  mill 
revolving  at  very  low  speeds.  The  charge  is  tilted  until  the  critical 
angle  is  reached,  after  which  the  balls  simply  roll  down  the  slope  to 
the  lower  side  of  the  mill.  This  critical  angle  is  affected  but  slightly  by 
a  change  in  the  speed  of  the  mill,  up  to  a  certain  point;  the  increase  in 
speed  simply  increases  the  rapidity  with  which  the  charge  is  raised  to 
the  top  of  the  incline.  In  this  condition  the  balls  are  in  contact  with 
one  another  except  as  they  may  bounce  in  rolling  down  the  slope  of  the 
charge;  also,  the  balls  must  roll  down  the  incline  at  the  same  rate,  pounds 
per  hour,  at  which  they  are  raised  to  the  top.  Then,  with  a  mill  half 
full  of  balls,  any  particular  ball  will  roll  down  the  incline  something  less 
than  twice  per  revolution  of  the  mill. 

As  the  speed  of  the  mill  is  slowly  increased,  the  time  required  to 
bring  the  ball  back  to  the  top  of  the  pile  is  diminished,  but  the  time 
required  by  it  in  rolling  down  remains  practically  the  same.  It  would 
seem  then  that  the  whole  problem  of  crushing  would  resolve  itself  into 
getting  the  balls  to  the  top  of  the  heap  fast  enough.  This  would  be 
true  if  it  were  not  for  centrifugal  force  and  inertia.  As  the  speed  of  the 
mill  is  increased  these  two  forces  grow  very  rapidly  in  importance. 
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12.  Action  of  Charge  at  Higher  Speeds 

Consider  the  forces  acting  on  a  particle  p.  Fig.  3,  in  contact  with  the 
lining  of  the  mill.  The  centrifugal  force  c  acts  to  press  it  against  the 
lining  while  Wi,  a  component  of  the  weight  Wj  acts  to  pull  it  away  from 
the  lining.  Then  if  ai  is  the  angle  between  the 
vertical  axis  and  the  radius  op,  Wi  =  w  cos  ai.  It 
is  possible  for  c  to  be  greater  than,  equal  to,  or  less 
than  Wi  or  w  cos  ai,  for  as  ai  decreases  Wi  increases. 
Then  c  —  w  cos  ai  =  /i,  and  /i  may  be  positive, 
negative  or  zero.  If  /i  is  positive  the  particle  will 
be  held  against  the  lining  of  the  mill.  As  ai  de- 
creases/i  decreases  and  if,  when  ai  is  zero,  /i  is  still 
positive,  it  is  evident  that  the  particle  will  maintain  Fig.  3. 

its  contact  with  the  mill  lining  throughout  a  complete  revolution. 

If /i  becomes  zero  for  some  value  of  ai  the  particles  below  pi,  having 
a  greater  angle  a,  will  be  held  against  the  Uning  of  the  mill  by  a  positive 
force  /.  In  other  words,  as  the  mill  rotates,  the  force  with  which  a  parti- 
cle p  is  held  in  position  decreases  until  it  reaches  zero.  At  this  point 
the  particle  is  being  pushed  on  by  the  particles  below  it  and  is  free  to  move 
in  a  path  governed  by  this  initial  velocity  and  gravity.  The  path  it 
takes  will,  of  course,  be  parabolic.  Then  when  the  angle  a  is  such  that 
/  is  zero,  the  particle  p  will  leave  oflF  contact  with  the  mill  and  start  on 
a  parabolic  path.     In  this  position  c  =  w  cos  a. 

The   centrifugal   force   c  =  — ,  where  w  =  weight  of  particle;  v  « 

initial  velocity;  r  =  radius;  and  g  =  32.2  ft.  per  sec.  per  sec.  Also  the 
initial  velocity  of  the  particle  is  its  velocity  in  the  circular  path,  or  t;  = 
2irm  in  which  n  =  speed  of  mill  in  revolutions  per  second.  Then  by 
substitution  in  the  formula  c  =  w  cos  a, 


wv*  w(2irrny 

~  =  K?  cos  a,  or      - 
rg  rg 


=  w  cos  a,  or =  w  cos  a,  or 


cos  a  = (1) 

g 

From  this  equation  it  is  evident  that  an  increase  in  either  the  speed 
of  the  mill  or  its  radius  will  cause  a  decrease  in  the  angle  a  and  the  para- 
bolic path  will  not  start  until  the  particle  is  carried  farther  around  in  the 
direction  of  rotation.     At  any  speed  n, 

cos  a  =  kr  (2) 

in  which  k  =  1.226n^.  Then  at  constant  speed,  the  particle  p  nearer 
the  center  of  the  circle  than  p\  will  start  on  its  parabolic  path  from  a 
larger  angle  a,  or  as  r  decreases  a  increases,  the  relation  between  r 
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and  a  given  in  equation  (2)  always  holding  true  when  a  is  the  angle  at 
which  the  parabolic  path  starts.  Equation  (2),  then,  is  reaUy  the 
equation  of  the  curve  above  which  all  particles  are  following  the  para- 
bolic path  and  below  which  all  particles  are  following  the  circular  path. 

From  equation  (1)  n  =  -v/^-r— « -  ^^^  ^  the  radius  is  considered  as 

the  constant,  a  must  decrease  as  n  increases.  Since  the  minimum  value 
of  a  is  zero,  when  cos  a  =  1,  the  speed  has  reached  a  point  above  which 
c  is  always  greater  than  w  cos  a  (Fig.  3),  and  the  particle  will  cling 
to  the  lining  of  the  mill  throughout  the  complete  cycle.  Then  the 
speed  at  which  any  particle  of  radius  r  will  cling  is  given  by  the  equation 

n  =  xiT^y  ill  which  n  is  in  revolutions  per  second  and  r  is  in  feet.    If 

the  speed  is  in  revolutions  per  minute  the  equation  will  become 

This  equation  shows  the  critical  speed  N^  at  which  the  particle  of 
radius  r  will  cling  to  the  lining  of  the  mill  or  to  the  next  outer  layer  of 
particles  of  radius  greater  than  r.  If  JV^  is  sufficiently  large,  r  will  be 
sufficiently  small  to  include  all  of  the  balls  in  the  mill  and  the  mill  will 
rotate  as  a  flywheel  with  no  relative  motion  between  the  particles  in  the 
charge.  Table  14  shows  the  speed  at  which  the  first  particle  will  cUng 
to  the  lining  of  the  mill. 

Table  14. — Critical  Speeds  of  BaUriniUs 


(3) 


Diameter  of  Mill 
(2ri),  Ft. 

Critical  Speed  (iV^O. 
Rev.  per  Min. 

Diameter  of  Mill 
(2ri).  Ft. 

Critical  Speed  (ATi). 
Rev.  per  Min. 

0.125 

216.76 

5 

34.27 

0.250 

153.30 

6 

31.29 

1 

76.63 

7 

28.97 

2 

54.19 

8 

27.10 

3 

44.25 

9 

25.65 

4 

38.32 

10 

24.23 

13.  Parabolic  Paths  op  the  Falling  Particles 

Below  the  critical  speed  given  in  equation 
(3),  the  particle  of  radius  r  will  reach  the  critical 
angle  a  and  will  then  start  on  its  parabolic  path. 
The  next  consideration  is  to  determine  where 
the  particle  pi  will  strike  the  Uning  of  the  mill 
at  the  end  of  its  parabolic  path. 

In   Fig.   4,   the   equation  of  the  parabola, 


FiQ.  4. 


gz^ 


origin  at  pi,  is  j/  =  re  tan  ai  -  27,2  ^^l^^' 


and 
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the  equation  of  the  circle  of  the  mill,  origin  pi,  is  x*  +  2/'  —  (2ri  sin 
ai)  X  +  (2ri  cos  ai)  y  =  0. 

The  simultaneous  solution  of  these  two  equations  will  give  the  co- 
ordinates of  the  point  d,  where  the  two  curves  intersect.  Substituting 
the  value  of  y  from  the  equation  of  the  parabola  in  the  equation  of  the 
circle  and  then  simplifying,  the  following  equations  are  secured : 


g^  ^        g  sin  ai 


x«  +(  sec*  a  -  T.  /'I      )  x2  ==  o. 
y  Ki*cosai/ 


4rx^cos^ai  Fi^cos'ai 

Then  x*  =  0,  and 

(ilVcos^) «'  -  fl' ^an ai X  +  Fi*  -  rig  cos ai  =  0. 

The  initial  velocity  Vi  =  2irriw,  and  Fi*  =  4irVi*n*. 
But  from  equation  (1)  n*  =  ^^^-;  therefore  Fi*  =  rig  cos  ai.     Substi- 
tuting this  value  for  Ft*  in  the  above  equation  and  simplifying, 

—  X  tan  ai  =  0. 


X* 


4ri  cos*  ai 

Then  x  =  0  and 

X  =  4ri  sin  ai  cos*  ai  (4) 

j^  =  —  4ri  sin*  ai  cos  ai  (5) 

These  are  the  coordinates  of  the  point  d,  at  which  the  particle  pi 
will  strike  at  the  end  of  its  parabolic  path.  From  the  above  solution, 
it  is  seen  that  there  are,  in  general,  four  points  of  intersection  between 
the  two  curves.  In  this  case,  however,  only  one  of  these  intersections 
requires  consideration,  the  other  three  being  zero.  This  is  a  very  im- 
portant fact,  for  if  this  condition  did  not  exist  the  paths  of  travel  of  the 
various  particles  would  cross  and  recross  one  another,  resulting  in  a  large 
friction  loss  above  the  pulp  level  in  the  mill  and  the  performance  of 
little  or  no  crushing. 

14.  Application  to  a  Definite  Problem 

It  is  now  possible  to  draw  the  outline  of  the  charge  in  the  mill  under 
operating  conditions.    Consider  an  8-ft.  mill  running  at  24  r.p.m.    From 

equation  (2),  cos  a  =  -^ o^oq ==  0.1962r,   which  is  the"  equa- 
tion of  a  circle  of  radius  -^9-  •     The  center  is  then  on  the  vertical  axis 

n* 

0.408 

"  ,—  units  above  the  center  of  the  mill.     From  this  the  value  of  a  in 
nr 

the  Table  15  can  be  computed: 
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Table  15. — Data  for  Computing  Values 

of  a 

r 

Coe  a 

a 

X 

4 
3 
2 
1 
0 

0 . 7848 
[0.5886 
0.3924 
0.1962 
0.0000 

38**  18' 
53**  56' 
66**  54' 
78**  41' 
90** 

6.1072 
3.3624 
1 . 1328 
0.1512 
0.0000 

From  the  values  of  r  and  a,  the  curve  aO,  Fig.  5,  can  be  drawn, 
which  is  the  dividing  line  between  the  parabolic  path  and  the  circular 
path  of  the  particles.  Then  by  use  of  equations  (4)  and  (5)  it  is  possible 
to  find  any  number  of  points  on  the  curve  cd.  This  may  be  done  more 
simply  by  drawing  the  circle  through  the  point  e  and  then  measuring 
a  distance  x  to  a  vertical  line  which  will  intersect  the  circle  at  the 
desired  point  /  as  in  Figi  5.  For  this  purpose,  the  corresponding  values 
of  X  are  added  to  the  preceding  table. 


Fig.  5. — Paths  op  travel  of  particles  in  an  8-ft.  mill  making  24  r.p.m. 

• 

It  is  then  possible  to  draw  the  line  Od,  which  is  the  dividing  line- 
between  the  parabolic  path  and  the  circular  path  for  all  particles  of  the 
charge.  The  complete  cycle  of  any  particle  p  is  then  seen  to  be  from  e 
to  /  along  the  parabolic  path,  and  then  from  /  to  e  along  the  circular  path. 
From  Fig.  5  it  is  evident  that  the  particle  p  acts  exactly  as  though  it 
were  in  a  mill  of  radius  r,  the  lining  of  which  is  the  layer  of  particles  of 
radius  next  larger  than  r. 
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15.  The  End  of  the  Parabolic  Path 
Since,  as  has  been  shown, 

X  =  4r  sin  a  cos*  a  and  j/  =  —  4r  sin*  a  cos  a, 
from  Fig.  5,      a/  =  4r  sin  a  cos*  a  —  r  sin  a, 
and  f/  =  4r  sin*  a  cos  a  —  r  cos  a. 

As  the  value  of  r  at  which  a  particle  starts  on  its  parabolic  path  and 
ends  its  parabolic  path  is  the  same,  then 

•    o      Vi       4rsin*a  cosa  —  r  cosa  /^        .  «  n 

sin  jS  =   -    = =  —  (4  cos*  a  —  3  cos  a). 

r  r 

« 

Then  sin  /8  =  —  cos  3a;  but  —  cos  3a  =  cos  (180**  —  3a)  and  sinjS  =  cos 
(90°  -  p);  then  cos  (90°  -  /3)  =  cos  (180°  -  3a),  or  90°  -  /3  =  180°  - 
3a;  hence  -  /3  =  90°  -  3a, 

or  /?  =  3a  -  90°.  (6) 

From  Fig.  5  it  is  evident  that  when  a  has  increased  beyond  a  certain 

large  value,  the  parabolic  paths  of  the  balls  near  the  center  of  the  mill 

will  overlap,  thus  causing  interference.     The  balls  will  then  be  striking 

together  at  a  point  so  near  the  maximum  pulp  level  that  little  or  no  effect* 

ive  crushing  can  be  done.    It  is  thus  obvious  that  the  size  of  the  charge 

should  be  so  regulated  that  this  interference  shall  not  occur.    It  appears 

from  Fig.  5  that  this  limiting  condition  occurs  when  x^  is  a  mirn'mum, 

or  is  equal  to  its  largest  negative  value. 

Then  since  a/  =  4r  sin  a  cos*  a  —  r  sin  a,  or  eliminating  r  by  use  of 

the  equation,  r  =  t;x1  ^^^  "> 

x'  =    —  j  (sin  a  cos*  a  —  J^  sin  a  cos  a). 

dx'  =  -^j  (cos*  a  —  3  sin*  a  cos*  a  —  J^  cos*  a  +  K  sin*  a). 

For  maximum  and  minimimi  values  of  x',  dx'  =  0. 

Thus  4  cos*  a  -  %  cos*  a  +  3^  =  0; 
whence         cos  a  =  0.8925  and  0.2801, 
and  a  =  26°49'  and  73°44'  (7) 

From  equation  (6),  /S  =  -  9°33'  and  131°12'. 

The  larger  result  is  obviously  the  one  desired,  the  smaller  one  being 
the  value  that  makes  x'  a  maximum.  From  this  it  appears  that  the 
largest  charge  that  can  be  used  in  the  mill  without  definite  interference 
between  the  particles  is  when  angle  a2  =  73°44'  and   ft  =  131°12'. 

If  the  inner  radius  of  the  charge,  corresponding  to  a^  =  73°44',  is  r2, 

0  2283 
then  cos  73°44'  =.  I.226n*r2  or  r2  =  -  -  ,    >  which  is  the  smallest  value 

that  rs  should  have  at  any  speed. 
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16.  The  Blow  Struck  by  the  Falling  Particle 

In  order  to  determine  at  what  angle  a  the  maximiim  effective  blow 
will  be  delivered  by  the  particle  when  it  strikes  the  surface  of  the  mill, 
it  is  necessary  to  find  the  resultant  velocity  of  the  particle  relative  to 
the  lining  of  the  mill.  Fig.  6  shows  the  resultant  velocities  and  their 
components. 

velocity  of  point  on  parabola; 

velocity  of  point  on  mill; 

component  of  Vp  in  direction  of  Ve,  with  mUl  stationary; 

component  of  Vp  in  direction  of  Ke,  with  mill  revolving; 

component  of  Vp  perpendicular  to  V.; 

angle  between  Vc  and  Vp] 

velocity  that  produces  blow;  or  the  velocity  of  particle  relative  to  lining 


Vc    = 

V.  = 

Vr    = 

e  » 

of  mill. 


Path  o( 


Lining    ol 


H-n 


Fig.  6. 


It  has  been  shown  that  the  initial  velocity  of  any  particle  when  it 
started  on  its  parabolic  path  is  given  by  the  equation  V  =  \/rg  cos  cr. 
This  is  the  velocity  in  the  circular  path  of  a  particle  of  radius  r.  The 
velocity  of  any  point  on  the  parabola  is  given  by  the  equation 


Vp  ==  Jy^  cos^  a+  (f  sin  a  -  ^  ^^-) 
\  \  V  cos  a/ 


2 


but     V  =  y/rg  cos  a  and  x  =  4r  sin  a  cos^a. 

Then  Vp  =  \/9rg  cos  a  —  8rg  cos'  a. 

The  velocity  of  any  point  on  the  circle  being  Ve  =  y/rg  cos  a, 
Then  Fp  cos  <?  =  7,;  Fp  sin  <?  =  F.;  Vt-Vc^  Vm]Vvj^+V^  =  TV 
Then  F«  =  Fp  cos  6  -  Vc,  and  Vt  =  \/(Fp  cos  d  -  VcY  +  (Vp  sin  ey 
Vb  =  VVp^  cos'  6  -  2FpFc"c^'6r+T?  +  Vp^  sin^  6 

=  y/Vp^  -  2FpFc  cos  e  +  F.2        

Vb^  =  9rg  cos  a  —  8rg  cos'  a  +  rg  cos  a  —  (2\/9r'gf2  cos*  a  —  8r'g*  cos*  a) 

cos  B. 

=  rflf  cos  a[10  -  8  cos'  a  -  (2\/9  -  8  cos'  a)  cos  ^]. 
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In  order  to  determine  the  angle  9  it  is  necessary  to  find  the  angle  at 
which  the  circle  and  parabola  intersect.  This  is  done  by  computing  the 
slopes  of  the  tangents  to  both  curves  at  this  point  and  then  the  angle  be- 
tween these  tangents.  As  the  slope  of  the  tangent  is  the  first  derivative 
of  the  equation  of  the  curve,  the  slope  of  the  tangent  to  the  circle  is 

^  [x*  +  !/*  —  (2r  sin  a)  x  +  (2r  cos  a)y]  =  0, 

whence       ^  =  J  ^!^o at  the  point  (x,  y). 

ax      2y  +  2rcosa  '^ 

Then  since  x  =  4r  sin  a  cos*  a,  and  y  =  —  4r  sin*  a  cos  a, 

dy  _  4  sin*  g  —  3  sin  PC 

dx       4  cos'  a  —  3  cos  a 
which  is  the  slope  of  the  tangent  to  the  circle. 

Likewise  for  the  parabola,  the  slope  of  the  tangent  is 

:,    =  tan  a  —  ^ —  ,  -  at  the  point  (x,  y) ; 
ax  2r  cos*  a  ^         v  >  «f  / 1 

dy  ' 
then     j1  =  ~  3  tan  a  is  the  slope  of  the  tangent  to  the  parabola. 

The  angle  between  two  lines  is  expressed  by  the  equation, 

tan  0  = 

1  —  W1W2 

in  which  mi  and  mt  are  the  slopes. 

«  ,  4  sin'  a  —  3  sin  a 

—  o  tan  a  —  -. i ft —  - 

,  _  4  cos'  PC  —  3  cos  a 

^^^  .       ,_  .        .4  sin*  a  —  3  sin  a 

1  —  (3  tan  a)  -; ^ -^ — — 

4  cos*  a  —  3  cos  a 

8  sin*  a  cos  a 


but  cos  6  = 


-  8sin*a  +  4sin*a+  1' 
1 


Vl  +  tan*^' 

f  kp-.  ^         /  64  sin*  a  —  64  sin*  a  +  8  sin*  a  +  1. 

tnen  cos  ^  =  a/ ^  -.  -^— , -;[ 

\  8  sin*  a  +  1 

It  is  now  possible  to  write  the  complete  formula  for  the  effective 
velocity  of  the  particle: 

V^'  =  rg  cos  al  10  —  8  cos*  a  — 

L  • _ 

fci    /K o T-\    1 64  sin*  a  —  64  sin*  a  +  8  sin*  a  +  1 

(2 V9  -  8  cos*  a) W ^--T"^ — -T-  — 

\  8  sm*  a  +  I  I 

This  equation  may  be  simplified  to  F^*  =  16r^  cos  a  sin*  a.  (8) 

But         cos  «  =  At,  and  sin  a  =  \/l  —  fc*r*. 

Then      sin«  a  =  1  -  JkV*,  and  sin*  =  1  -  2fcV*  +  fcV^ 

and  IV  =  16fc(7r*  -  32fc*^*  +  16k^gr\ 
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In  order  to  find  r  for  the  maximum  velocity  squared, 

d{Vb^)  =  32kgr  -  128* V'  +  96fcV*  =  0, 
or  3fcV*  -  4*^2  +1=0; 

1  0  5775 

Whence     ^  =  jc  aiid  -^ — 

When        r  =  J  When   r  =  ^^^  (9) 

cos  a  —  kr  cos  a  =  ir 

K  ^  V       U*Of     /O  ^       pr^.«.» 

COS  a  =  r  =  1  COS  a  =  fc  — r —  =  0.5775 

a  =  0  for  min.  Vi^  a  =  54^44' for  max.  F^?    (10) 

Thus  when  a  =  54°44'  the  balls  are  striking  with  maximum  velocity 
relative  to  the  circular  path  in  which  they  travel.  Since  the  whole 
charge,  near  ao,  may  be  considered  as  being  concentrated  at  the  radius 
of  gyration,  it  would  seem  that  the  most  effective  conditions*  would 
be  obtained  by  placing  r  (equation  9)  equal  to  the  radius  of  gyration  of 

the  charge.    Since  the  radius  of  gyration  is  equal  to  yl— — ^-=-  when 

fi  is  the  radius  of  the  mill  and  r2  is  the  inner  radius  of  the  charge,  then 

/riM-"r2'^  0.5775  ^^j^^ 


4 


But  r,  -  &„  whence       ^^'i^'  .  "i^TTS 

\ 

But  k  =  1.226n2,  whence  K  =  J^4^  -  1  (11) 

when  r  is  the  radius  of  the  mill  and  n  is  its  speed  in  rev.  per  second. 

The  value  of  K  given  by  this  equation  is  the  relation  between  ri  and 
r2  which  should  exist  for  best  operating  conditions  and  is  really  the 
measure  of  the  quantity  of  the  charge.  This  equation  then  gives  the 
proper  relation  between  the  size  of  the  charge,  the  size  of  the  mill  and 
its  speed.  It  is  the  fundamental  equation  of  the  ball-mill  and  shows 
the  relations  mentioned  near  the  beginning  of  Section  II. 

Equation  (11)  may  be  restated  in  the  following  forms,  which  may  be 

more  convenient.  ^ 

0.443 


n^  = 


(1  +  K'W 


0-8158 
Then  n  =      /-  4/^:^=^  m  rev.  per  sec,  (12) 

vnvi  +  J^ 

..  48.948 

or  N  =  ^^^^j-£=^^  in  rev.  per  mm.  (13) 


*  This  is  probably  not  exactly  true.    Detailed  mathematical  analysis  shows  it 
to  be  very  near  the  truth,  however,  and  it  has  been  used  here  for  the  sake  of  simplicity. 
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Since  cos  a  =  1.226rn^, 

loofi^      /  0.443  0.8165r  1 

cos  a  =  1.22o  -  \  --,  — r^o  = •  -  J        z  (14) 

ri\l  +  K^  ri  Vl  +  K^ 

in  which  a  is  the  angle  corresponding  to  any  radius  r. 

Then  cos  ai  =   r^^  ^-^^  (15) 

in  which  ai  is  the  angle  corresponding  to  the  radius  ri,  which  is  the  radius 
of  the  mill  and  is  therefore  the  minimum  angle  a, 

0.8166X 
cos  a2  =  ;^      ,  — -  =  A  cos  ai  (16) 

in  which  a2  is  the  angle  corresponding  to  the  radius  r^,  which  is  the  inner 
radius  of  the  charge  and  is  therefore  the  maximum  angle  a. 

Equations  (12)  to  (16)  all  depend  on  the  value  of  Ky  which  is  the  real 
measure  of  the  quantity  of  the  charge.  It  is  now  necessary  to  get  a 
better  idea  of  the  exact  relation  between  K  and  the  volume  of  the  charge. 
In  order  to  do  this  the  cycle  of  the  charge  must  be  known. 

17.  The  Cycle  of  the  Charge 

Since  /3  =  3a  —  90**,  the  angle  passed  through  by  a  particle  in  the 
parabolic  path  is  a  +  90  +  j8,  or  a  -f  90  +  3a  -  90  =  4a. 

If  the  speed  of  the  mill  is  n,  the  time  per  revolution  is  Tr  =     •    Then 

the  time  in  the  circular  path  is  Tr  ( — o^n — )  =  ^«* 

The  time  required  by  a  particle  passing  through  a  parabolic  curVe 
is  given  by  the  equation,  Tp  =  t^  -  -  —  • 

V  ^uuo  a 

Then  Tp  =  -    sin  a  cos^a.''  (17) 

Again  consider  the  average  of  the  whole  charge  as  passing  through 
the   same  cycle  as  the  particle  at  the  radius  of  gyration,   which  is 

I  Jl_±j^^  n  at  the  angle  a  =  5i°W.    (Equation  10.)  * 
Then  r,  =  l;     2'.  =  -«:3?_2      ^        0,3003, 

^       ,            ,    .         .              ,    ^      m    .    m        0.392  +  0.3003      0.6923 
But  the  total  time  of  one  cycle  T  =  Te  +  Tp  = = 

Then  the  portion  of  the  total  time  in  the  circular  path  is 

9j?®?  ^  M9?3  ^  0.5665,!  or  56.65  per  cent,  of  the  time       (18) 
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The  number  of  cycles  per  revolution  is  given  by  the  equation, 

T       n  '       n         0.6923       ^'^^^  ^^^^ 

This  means  that  when  the  mill  is  running  at  the  proper  speed  for 
the  ball  charge,  then  the  charge  is  passing  through  1.444  cycles  per 
revolution,  and  each  ball  in  the  charge  strikes,  on  the  average,  1.444 
blows  per  revolution. 

18.  Volume  op  the  Charge 

Equation  (18)  states  that  the  balls  spend  56.65  per  cent,  of  the  time 
in  the  circular  path.  Then  it  is  apparent  that  56.65  per  cent,  of  the 
total  charge  is  always  in  the  circular  path.  In  other  words,  the  volume 
of  the  charge  between  ri  and  r%  (Fig.  5)  is  only  56.65  per  cent,  of  the 
total  charge,  the  remaining  43.35  per  cent,  being  spread  out  over  the 
rest  of  the  mill  and  following  the  parabolic  path. 

The  exact  analytical  determination  of  the  variation  in  the  volume 
of  the  total  charge  as  K  varies  is  very  complicated  and  will  not  be  gone 
into  here.  A  very  close  approximation  can  be  made,  however,  by  use  of 
the  equation, 

X  =  -  0.024  +  0.39V7  -  lOP  (20) 

in  which  P  is  the  fractional  part  of  the  entire  volume  of  the  mill  that  is 
occupied  by  the  charge  when  the  miH  is  stationary.  It  should  be  noted 
that  the  charge  will  contain  a  considerable  proportion  of  voids.  These 
are,  of  course,  included  in  the  space  occupied  by  the  charge. 

19.  Power 
From  equation  (8)  it  appears  that  V}?  =  l&kgr^  —  32A;V*  +  16A:*gr*, 
but  the  kinetic  energy  e  =  -^-^  or  in  this  case,  e  =  w{%kr^  —  16fc*r'*  + 

8A;V®),  which  is  the  energy  possessed  by  any  particle  of  weight  to,  and 
radius  r,  at  the  end  of  its  parabolic  path,  which  is  available  for  the  purpose 
of  crushing  ore.  Then  the  total  energy  possessed  by  the  particles  of 
radius  between  ri  and  r^  is  expressed  by  the  equation, 

But  k  =  1.226n*  and  r»  =  Kri;  then 

E  =  M>[3.269n*ri»(l  -  K*)  -  5.8968»Vi»(l  -  X«)  +  ZMb&n^Hi^l  -K^] 

But       n  =  — ,—  '. .- for  best  theoretical  efficiency:  whence 

E  =  «;r,«[2.1756i^:^>^  -  1.7382  i^:^::^^,  +  0.41333[[^|^] 
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In  this  equation,  if  TT  is  the  entire  weight  of  the  charge,  then  E  rep- 
resents the  foot-pounds  of  energy  delivered  each  time^the  charge  passes 
through  one  cycle.     Then  since  there  are  1.444  cycles  per  revolution, 

and  n  =      .  -  \y-  -  -    -    rev.  per  sec,  the  number  of  foot-pounds  per 

second  is  represented  by  the  equation, 

(1  -  K*) 


E  =  Wri*i\2M72 


(1  +  X»)« 


-  2.0351 -, 


(1  -  a:*) 


+ 


(1  +  JiC»)« 

(1  -  K^)  1 


0.48394 


or  Hp.  =    Trri»*[o.004467T|~-^;{j  -  0.003700 


(1  +  K*y 
(1  -  X') 


(21) 


(1  +  K*)yi 


+ 


(1  +  JiC*)« 


0.000880  t:   -r 


(22) 


(1  +  K^y 

This  formula  gives  the  power  output  and  therefore  input  to  the  mill 
when  the  weight  of  the  charge  is  TF,  in  pounds^  the  radius  of  the  mill 
is  Ti,  in  feet,  and  the  value  of  K  and  the  speed  N  are  as  given  by  formulas 
(20)  and  (13).  In  other  words,  formula  (22)  gives  the  power  required  to 
operate  the  mill  at  the  most  efficient  speed  for  any  ball  charge.  In 
Table  16  the  horsepower  required  has  been  computed  for  certain  operating 
conditions.  Any  table  or  set  of  curves  covering  all  conditions  would  be 
too  large  and  complicated'to  include  in  this  paper;  the  formulas  may,  how- 
ever, be  applied  to  any  particular  condition. 

Table  16. — Horsepower  Required  per  Foot  of  Mill  Length 


Internal  DUm. 

0.1 

Portion  < 

"  1 
0.2         1 

0.0099 

>f  Mill  Volume  Occupied  by  Charge 

oC  MUl,  Ft.  (2ri) 

0.3 

0.4 

0.5 

o.e 

1 

0.0023 

0.022 

0.042 

0.065 

0.093 

o 

0.0255 

0.110      1       0.254 

0.46 

0.73 

1.04 

3 

0.1087 

0.463             1.07 

1.94 

3.07 

4.38 

4 

0.288 

1.24        1       2.87 

5.22 

8.25 

11.78 

5 

0.64 

2.72        t       6.29 

11.43 

18.07 

25.74 

6 

1.20 

5.16             11.88 

21.47 

34.14 

48.69 

7 

2.06 

8.85            20.43 

37.06 

58.61 

83.53 

8 

3.26 

14.12            32.54 

69.08 

93.46 

133.32 

9 

1     4.96 

21.32 

49.09 

89.31 

141.24 

201.33 

10 

'     7.13 

1 

30.81 

71.06 

129 . 00 

204.07 

291 . 10 

Note. — ^Xn  this  table  the  mill  is  assumed  to  be  operating  at  the  most  efficient 
speedy  as  given  in  Table  17,  and  the  charge  is  assumed  to  weigh  325  lb.  per  cu.  foot. 

20.  Consideration  of  a  Definite  Case 

The  actual  application  of  the  formulas  to  a  definite  problem  may  be 
instructive.     Consider  an  8  by  6-f t.  cyUndrical  mill  charged  with  28,000 
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lb.  (12J00  kg.)  of  steel  balls.  If  the  balls  are  made  of  steel  weighing  500 
lb.  per  cu.  ft.,  and  are  all  of  one  size,  it  may  be  shown  that  the  charge  will 
weigh  74.05  per  cent,  of  500  lb.,  or  370.25  Ibi  per  cu.  ft.  The  charge  will 
then  occupy  28,000  -^  370.25  =  75.6  du.  ft.  (2.14  cu.  m.)  of  space  in  the 
mill.  The  factor  75.05  per  cent,  is  derived  on  the  assumption  that  the 
spheres  are  equal;  in  the  case  of  a  mill,  the  space  being  limited  and  the 
balls  not  of  one  size,  65  per  cent,  is  probably  more  nearly  correct.  Using 
this  factor,  the  charge  would  weigh  325  lb.  per  cu.  ft.,  and  would  there- 
fore occupy  86  cu.  ft.  (2.23  cu.  m.).  The  volume  of  an  8  by  6-ft.  mill 
is  301  cu.  ft.  (8.5  cu.  m.),  hence  the  charge  occupies  28.6  per  cent,  of 
the  total  volume.  From  formula  (20),  when  the  charge  occupies  28.6 
per  cent,  of  the  volume  of  the  mill,  the  factor  K  is  0.770.  The  speed 
of  the  mill,  by  formula  (13),  is  21.75  r.p.m.,  and  the  power,  by  formula 
(22),  is  181.5  hp.    Angle  a  will  then  be  given  by  formula  (15) : 


cos  ai  = 
cos  at  = 

/3  = 


0.8165 


0.8165 


=  0.6490;  cri  =  49^  32' 


Vl  +^*  "  Vl^  0.762* 

K  cos  ai  =  0.4948;  «£  =  60°  20' 

Kri  ==  0.762  X  4  =  3.048  ft. 

3ai  -  90^  =  58°  36';  /S,  =  Sat  -  90°  =  91°. 


Fig.  7. — Paths  of  travel  of  particles  in  an  8  by  6  ft.  ball-mill.    28,000- 

LB.  BALL  LOAD  OCCUPYING  28.6  PER  CENT.  OP  MILL  VOLUME.  SpEED  OF  MILL  21.75 
R.P.M.  15,860  LB.  OF  BALLS  ARE  TRAVELING  IN  THE  CIRCULAR  PATH.  12,140  LB. 
OF  BALLS  ARE  TRAVELING  IN  THE  PARABOLIC  PATH. 


From  these  results  and  formula  (2),  which  gives  other  values  of  r 
for  various  values  of  a,  it  is  possible  to  plot  the  outline  of  the  charge,  as 
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is  shown  in  Fig.  7.     The  particular  path  of  any  ball  can  be  plotted  by 
ase  of  equation  (3a). 

21.  Summary  of  Ball-mill  Mechanics 


Notation 


T  = 

ri  = 

Ti  = 

fi  = 

a  = 

ai  = 

ctt  = 
an  = 

n  = 

jsr  = 

10 

W 
P 


radius  to  any  particle  p. 

radius  of  mill. 

inner  radius  of  charge. 

radius  of  gyration  of  charge  near  ao, 

angle  from  vertical  to  r. 
=:  angle'  from  vertical  to  ri. 
=  angle  from  vertical  to  fs. 
=  angle  from  vertical  to  R, 
=  angle  from  horizontal  to  r. 

-  angle  from  horizontal  to  fi. 

-  angle  from  horizontal  to  ft. 
=  speed  of  mill  in  rev.  per  sec. 
=  speed  of  mill  in  rev.  per  min. 
=  critical  speed  of  mill  in  rev.  per  min. 
*  relative  velocity  of  particle  at  od, 

ft.  per  sec. 
~  weight  of  portion  of  charge,  lb. 
»  weight  of  entire  charge,  lb. 
=  fraction  of  mill  volunae  occupied 

by  charge. 
=  a    constant  =  32.2    ft.    per    sec. 

per  sec. 


FiQ.  8. 

k  -  A  constant  '^  ^  g~  ^  1.226n'. 

X  =  a  constant  «=  -  • 

H  B  height  of  charge  in  mill  at  rest. 
E  »»  kinetic  energy,  foot-pounds. 
C»  =  cycles  per  revolution. 
re  »  radius  of  circle  oa. 


(2) 
(2a) 

(26) 
(3) 

(3a) 

(6) 

(8) 

(10) 

(llo) 


cos  a 

rc 
cos  aa 


General  EqiuUiona 
kr  =  1.226m* 
0.408 


n 


i 


=  0.8670r,nVl  +  K* 


N'  = 


54.19 


V 


n 


0  613n*x* 
V  =  X  tan  a  —  — — , —  (equation  of  parabola) 
"  cos* a 

/3  =  3a  -  90" 
Vb*  =  16r^  cos  a  sin*  a 
For  Vi  max.,  a  =  54"  44' 
r,  =  Kri 
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Relations  when  Operating  <U  Beat  Theoretical  Effinency 

(8a)      Vh  max.  =  -^ — 

n 

(8b)      Ffemin.  =  ^/l&Krlg  cos  «£  sin*  at 
(10)  aB  =  64^  44' 


(U)  X  =  V^f  - 

(12)  n  =        «-«158 


(13)  AT  = 


(14)  coso  = 


Vriv^l  +  X* 
48.95 

0.8165r  1 


/I  Vl  +  K^ 

n  R^  08165 

(16)  cos  ai  =  :^7^^, 

/■i/5\  0.8166if        T^ 

(16)  cos  a%  =  — ;rr^=r  —  =  A  COS  ai 

i/l  +  X2 

(19)  Cn  average  =  1.444 

(20)  if  =  -  0.024  +  0.39  v^-  lOP  (very  nearly) 

(22)  Hp.  =  Wr,^  [o.004467  |}t^^I|.,  -  0.0037  -[^-^H  + 


0.00088 


"(1  + 


ii:»)**  I 


By  use  of  these  equations,  with  any  given  set  of  conditions,  it  is 
possible  to  determine  the  geometrical  shape  of  the  charge  in  the  miU, 
the  horsepower  absorbed  by  it,  the  velocity  of  the  blow  struck  by  any 
ball,  and  the  number  of  blows  struck  by  any  ball.  The  equations  show 
also  the  relation  that  should  exist  between  speed,  diameter  of  mill  and 
size  of  charge  in  order  to  secure  the  maximum  theoretical  efficiency. 

22.  Comparison  of  Observed  and  Calculated  Curves 

In  order  to  observe  how  closely  theory  and  practice  agree,  a  small 
model  mill  3  in.  (76.2  mm.)  in  diameter  and  2  in.  (60.8  mm.)  long  was 
made,  having  a  bearing  at  only  one  end  so  that  the  other  could  be  closed 
by  a  piece  of  glass  through  which  the  action  of  the  charge  could  be  ob- 
served. The  method  of  eomparison  consisted  in  introducing  a  weighed 
charge  of  fine  sand,  computing  the  best  operating  speed,  and  drawing  the 
outline  of  the  charge  according  to  the  preceding  theory.  The  mill  was 
then  operated  at  this  speed,  and  photographed.     The  comparison  be- 
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tween  the  photograph  and  the  drawing  shows  how  closely  theory  and 
practice  agree.  No  accurate  data  as  to  the  power  required  could  be 
secured  on  this  small  model.  A  number  of  these  photographs  and  the 
corresponding  drawings  are  shown. 

The  similarity  between  the  photograph  of  the  mill  in  actual  operation 
and  the  theoretical  drawing  is  very  striking^  especially  when  the  mill 
contains  a  large  charge.  When  the  charge  is  smaU,  the  difference  appears 
greater;  this  is  because  aU  interference  between  the  particles  causes  them 
to  fall  into  the  open  space  near  the  center  of  the  mill.  The  photographs 
could  not  be  made  to  show  clearly  the  fact  that  these  particles  were 
accidental;  it  is  apparent,  however,  when  actuaUy  watching  the  mill  run, 
that  the  particles  in  the  central  space  are  only  occasional,  as  compared 
with  the  outer  band.  While  the  results  of  interference  are  more  evident 
in  the  small  charge  than  in  the  large  one,  the  actual  amount  of  inter- 
ference is  greater  in  the  large  charge  than  in  the  small.  This  is  evident 
when  the  cause  of  this  interference  is  considered. 

The  curve  a-b  (Fig.  5)  shows  the  boundary  line  between  the  circular 
and  the  parabolic  paths.  Each  particle,  as  it  passes  the  line  a-b,  starts 
on  its  parabolic  path  in  a  direction  perpendicular  to  the  radius  of  the 
mill  through  that  point.  It  is  evident  that  the  perpendicular  to  the 
radius  at  p  would  intersect  the  perpendicular  to  the  radius  at  a  if  it  were 
produced  far  enough.  If  the  two  particles  considered  are  closer  together 
than  a  and  p  on  the  curve  a-b,  the  intersection  between  the  lines  of  initial, 
direction  are  closer  to  the  points  considered.  If  the  two  points  are 
adjacent  on  the  curve  a-b,  it  is  apparent  that  the  intersection  will  be 
very  close  to  the  points  and  will,  in  fact,  take  the  form  of  a  slight  crowd- 
ing action  between  the  particles.  The  result  of  this  will  be  a  slight 
deformation  of  the  curve  through  which  the  particle  travels.  This  will 
be  just  as  prominent  in  a  small  charge  as  in  a  large  one,  although  the 
results  will  be  more  apparent  in  the  small  charge. 

It  may  also  be  shown  that  when  the  size  of  the  charge  exceeds  0.4 
the  volume  of  the  mill,  there  will  be  a  tendency  for  the  particles  near 
the  center  of  the  mass  to  crowd  one  another.  This  is,  however,  not  at  all 
serious  and  could  probably  never  be  detected  in  operation,  but  as  pre- 
viously stated,  when  the  mill  is  filled  beyond  0.64  of  its  volume,  the  inter- 
ference becomes  quite  important  and  the  mill  probably  could  not  be 
made  to  operate  efficiently  when  more  than  0.6  fuU. 

It  appears  from  the  photographs  that  there  is  a  certain  amount  of 
movement  between  the  particles  at  the  end  of  the  parabolic  path  which 
causes  the  actual  parabolic  path  to  end  sooner  than  the  theoretical  path. 
This  motion  between  the  particles  is  due  to  the  fact  that  each  particle 
must  change  its  direction  of  travel  and  move  at  about  right  angles  to  its 
original  path.  This  change  in  direction  requires  time  and  reacting  forces; 
if  the  force  is  small  the  time  will  be  long  and  the  agitation  great.     If  the 
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force  is  large  the  time  will  be  small  and  the  agitation  small.  Therefore, 
when  the  mill  speed  is  low,  this  zone  of  agitation  is  wide,  as  shown  in 
Fig.  14.  In  this  agitation  zone  grinding  is  done  by  attrition,  but  above 
it,  the  cnishiAg  is  done  by  impact. 

While  these  photographs  and  drawings  were  made  to  illustrate  the 
action  of  the  particles  in  the  charge  of  a  3-in.  mill,  they  also  show  the 
action  in  mills  of  any  size  when  operated  at  the  most  efficient  speed,  as 
given  by  formula  (13).  In  Table  17,  the  speeds  have  been  computed 
for  various  sizes  of  mills  and  charges.  In  each  case,  the  illustration  that 
shows  the  position  of  the  charge  for  the  particular  operating  condition  is 
indicated. 


Table  17. — Speed. of  Mill  for  Best  Theoretical  Efficiency  (N) 


Inside  Diam.  of  Mill.  Ft.  (2ri) 


Portion  of  Mill  Volume  Oocupied  by  Charge  at  Rest 


O.I 


0.2 


0.3 


0.4 


0.5 


0.6 


1 

59.19 

•   60.45 

61.82 

63.36 

65.10 

67.01 

2 

41.88 

42.75 

43.72 

44.81 

46.04 

47.40 

3 

34.19 

34.90 

35.69 

36.58 

37.58 

38.69 

4 

29.61 

30.22 

30.91 

31.67 

32.55 

33.51 

5 

26.48 

27.04 

27.64 

28.34 

29.11 

29.96 

6 

24.18 

24.69 

25.24 

25.88 

26.58 

27.36 

7 

22.38 

22.85 

23.36 

23.94 

24.60 

25.32 

8 

20.94 

21.38 

21.86 

22.40 

23.02 

23.70 

9 

19.74 

20.15 

20.60 

21.13 

21.70 

22.34 

10 

18.72 

19.12 

19.56 

20.04 

20.59 

21.20 

Illustrated  by  Figs 

•  • 

9 

1 

10 

11 

12 

13 

Table  computed  by  use  of  Formulas  (20)  and  (13). 
Table  18. — Speeds  Corresponding  to  Given  Charge  Outline^  R.p.m. 


Inaide  Diam.  of  Mill, 
Ft.  (2ri) 


niuatration  Number 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


14 

58.00 
41.02 
33.48 
29.00 
25.54 
23.68 
21.92 
20.50 
19.33 
18.34 


11 


63.50 
44.91 
36.67 
31.74 
28.39 
25.93 
24.00 
22.40 
21.17 
20.08 


15 

76.00 
53.75 
43.88 
37.99 
33.99 
31.04 
28 .  72 
26.88 
25.34 
24.04 


80.99 
57.28 
46.76 
40.50 
36.23 
33.07 
30.61 
28.63 
26.99 
25.62 


87.99 
62.23 
50.81 
44.00 
39.35 
35.93 
33.26 
31.12 
29.33 
27.83 


Portion  of  volume  occupied  by  charge  (P)  is  0.4  in  all  cases. 
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Fio.  9.~P  =  0.2. 


Fia.  10.— P  -  0.3. 


Fio.  11.— P  =0.4. 


FiQS.  9-11.— Show 
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In  Figs.  14, 15, 16  and  17,  the  effects  of  high  and  low  speeds  are  shown. 
In  all  of  these  photographs  the  mill  was  0,4  full,  the  operation  at  the 
proper  speed  being  shown  in  Fig.  11.  Table  18  shows  the  speed  at  which 
the  chaise  in  mills  of  various  diameters  would  appear  as  illustrated. 


Fio.  13— P  =  0.6. 
Fios.  12-13. — Show  relation'  between  actual  and  theoretical  curves  at 
correct  uiui  speeds. 

23.  Conclusions  as  to  Ball-mill  Operation 

In  this  whole  discussion,  only  the  force  of  gravity  and  centrifugal 
force  have  been  considered.  In  a  mill  containing  water  and  ore  as  well 
as  balls,  the  force  of  adhesion  is  to  be  considered.  This  force  not  only 
tends  to  hold  the  balls  and  ore  together  but  also  tends  to  hold  them 
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against  the  lining  of  the  mill.  Just  how  important  this  force  may  be 
under  ordinary  operating  conditions  is  hard  to  say.  It  was  shown,  how- 
ever, in  the  little  model  mill,  that  adhesion  tended  to  hold  the  particles 
t<^ther  in  their  parabolic  paths  and  almost  entirely  eliminated  the 
accidental  particles  that  fall  near  the  center  of  the  mass,  ft  is  impossible 
to  apply  the  results  secured  in  a  small  mill  to  a  lai^e  mill  in  this  respect, 
however,  as  adhesion  varies  inversely  with  the  size  of  the  particles 
considered. 


Fig.  14.— Low  speed.  Piq.  15.— High 


Adhesion  also  varies  with  the  moisture,  so  the  mill  operator  has  a 
convenient  means  of  controlling  this  force  so  as  to  produce  the  best 
results.  The  amount  of  moisture  in  the  pulp  for  best  efficiency  will  vary 
with  the  nature  of  the  ore,  the  nature  of  the  ball  charge,  and  the  nature 
of  the  mill.    With  a  mill  charge  of  large  steel  balls,  adhesion  will  not 
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afifect  the  operating  conditions  to  any  considerable  extent  unless  the 
pulp  is  made  very  thick.  The  tendency  would  then  be  for  the  balls  to 
stick  to  the  lining  and  revolve  with  it. 

It  is  very  important  to  prevent  slipping  between  the  charge  and  the 
lining  of  the  mill;  the  tendency  to  slip  is  much  smaller  with  large  charges 
than  with  small  ones.  If  the  friction  between  the  charge  and  the  Uning 
of  the  mill  is  not  great  enough  to  carry  the  particles  up  to  the  curve  a-6, 
the  efficiency  of  the  mill  will  be  very  greatly  reduced  and  the  lining  of  the 
mill  will  be  rapidly  worn  away.  Plat  sides  will  also  appear  on  the  balls 
and  the  cycle  of  the  charge  will  be  slow  and  irregular.  In  an  open- 
trunnion  discharge  mill,  the  pulp  will  not  flow  from  the  mill  regularly 
but  will  come  in  pulsations.  Lifters  or  roughened  liners  are  therefore 
desirable,  as  they  insure  a  greater  coefficient  of  friction. 

The  following  conclusions  may  be  stated: 

1.  By  use  of  formulas  (20)  and  (13),  the  proper  theoretical  speed  for 
the  operation  of  the  mill  may  be  computed. 

2.  This  speed  is  correct  only  when  there  is  no  slipping  between  the 
charge  and  the  Uning  of  the  mill,  and  when  the  pulp  is  not  so  thick  as  to 
produce  strong  adhesion  between  the  particles. 

3.  In  actual  practice  it  may  be  found  that  more  effective  crushing 
can  be  done  at  some  other  speed,  but  it  would  appear  that  the  variations 
above  or  below  this  theoretical  speed  should  be  small. 

4.  When  operating  at  the  speed  shown  by  formula  (13)  the  crushing 
is  done  largely  by  impact. 

5.  At  speeds  lower  than  N  (equation  13)  the  proportion  of  the  crush- 
ing done  by  attrition  is  increased. 

6.  At  speeds  higher  than  N  (equation  13)  the  proportion  of  the 
crushing  done  by  impact  is  increased. 

7.  The  amount  of  crushing  done  depends  upon  the  number  of  blows 
struck  and  the  work  done  at  each  blow. 

8.  The  number  of  blows  struck  can  be  increased  by  increasing  the 
number  and  decreasing  the  size  of  the  balls. 

9.  The  work  done  at  each  blow  can  be  increased  by  increasing  the 
weight  of  the  ball  and  by  increasing  the  diameter  of  the  mill. 

10.  From  this  it  follows  that  mills  of  larger  diameter  should  be  charged 
with  smaller  balls  and  mills  of  smaller  diameter  with  larger  balls,  when 
working  on  the  same  feed. 

11.  The  proper  operating  speeds  of  ball-mills  vary  inversely  as  the 
square-root  of  the  diameters. 

12.  The  proper  operating  speed  of  a  ball-mill  increases  as  the  size  of 
the  ball  load  increases. 

13.  Due  to  interference  between  the  balls,  the  volume  of  the  charge 
should  not  be  over  60  per  cent,  of  the  volume  of  the  mill. 

14.  Unless  great  care  is  exercised  to  prevent  sUppage,  the  volunae  of 
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the  ball  charge  should  not  be  less  than  20  per  cent,  of  the  volume  of  the 
mill. 

15.  It  would  then  seem  that  a  ball  charge  that  occupies  between  25 
and  50  per  cent,  of  the  volume  of  the  mill  will  give  the  most  satisfactory 
results. 

16.  In  an  8-ft.  (2.4  m.)  mill  running  at  22  r.p.m.,  with  a  28,000-ib, 
(12,700  kg.)  charge  of  2-in.  (50.8-mm.)  balls,  there  will  be  an  average  of 
about  1,000,000  blows  per  minute;  each  of  these  blows  will  be  equivalent 
to  dropping  a  2-in.  ball  5  ft.  (1.5  m.). 

• 

III.  BALL  WEAR 

In  the  previous  discussion  the  fact  was  established  that  the  work 
done  by  a  ball  when  it  strikes  at  the  end  of  its  parabolic  path  is  propor- 
tional to  its  weight  and  velocity;  then,  since  the  velocity  may  be  con- 
sidered as  constant  for  all  the  balls  in  the  mill,  the  work  done  by  a  ball 
is  proportional  to  its  weight.  Since  the  amount  of  ore  crushed  varies  as 
the  work  done  upon  it,  it  seems  reasonable  that  the  amount  of  steel 
worn  from  the  balls  varies  as  the  work  done  upon  them;  in  other  words, 
the  ball  wear  is  proportional  to  the  work  done.  But  it  has  been  shown 
that  the  work  done  is  proportional  to  the  weight  of  the  ball;  hence,  the 
wear  is  proportional  to  the  weight  of  the  ball,  or 

R  =  KW  (23) 

in  which  R  is  the  rate  of  wear  of  any  ball  of  weight  TF;  -K  is  a  constant 
and  depends  upon  the  operating  conditions  of  the  mill  and  the  resistance 
of  the  material  from  which  the  balls  are  made.  In  order  to  establish 
the  accuracy  of  this  equation,  some  transformations  are  necessary. 

After  a  ball-mill  has  been  in  continuous  and  steady  operation  for,  say, 
a  year,  during  which  time  balls  of  only  one  diameter  have  been  added  at 
r^ular  intervals,  it  may  be  assimied  that  the  ball  charge  has  reached  a 
constant  working  condition.  In  this  constant  state,  there  is  no  change 
in  the  charge  from  day  to  day,  either  as  to  the  weight  of  the  charge 
or  the  average  diameter  of  the  balls  composing  it.  Any  particular  ball 
enters  the  mill  at  a  maximum  diameter  D,  and  gradually  wears  down  until 
it  is  completely  worn  away;  the  residual  charge  of  balls,  however,  always 
remains  the  same. 

Suppose  these  balls  composing  the  residual  charge  to  be  laid  out  in  a 
line,  beginning  with  the  largest  and  ending  with  the  smallest.  Suppose 
intervals  to  be  marked  off  along  this  line  so  that  all  of  the  balls  of  diame- 
ter from  Dm  to  Di  are  in  the  first  interval,  from  Di  to  D^  in  the  second 
interval,  Dj  to  Ds  in  the  third  interval,  and  so  on.  Let  A^i,  N2,  Nsj 
etc.,  represent  the  number  of  balls  in  each  interval,  and  let  Z>'i,  D'2,  Cs, 
etc.,- represent  the  mean  diameters  of  the  balls  in  their  respective 
intervals. 
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In  the  constant  state,  the  number  of  balls  in  each  of  these  intervals 
does  not  vary,  and  when  a  new  ball  of  diameter  Dm  is  added  to  the  first 
interval,  a  ball  of  diameter  Di  passes  into  the  second  interval,  and  so  on 
down  the  line,  until  in  the  last  interval  one  ball  is  entirely  worn  away. 
Then,  as  time  goes  on,  each  ball  of  diameter  Dm  which  was  added 
gradually  passes  along  the  line  until  its  diameter  becomes  Di  when  it 
passes  from  the  first  interval  into  the  second.  If  in  time  T,  N^  balls 
of  diameter  £>«  are  added,  then  N^  balls  will  pass  from  each  interval  into 
the  next  following  interval.  The  time  T  required  for  any  ball  to  pass 
through  any  interval  may  then  be  expressed  by  the  formula,* 

T  =  fj  (24) 

or  the  time  required  for  any  ball  to  reduce  its  diameter  from  Da  to  Db  is 
equal  to  the  total  number  of  balls  in  the  interval  divided  by  the  number 
of  balls  added  to  the  intervals,  or  passing  from  the  interval  during  this 
time. 

If,  as  previously  suggested,  the  wear  varies  as  the  weight  of  the  ball, 

IT 

then,  R  =  KW  —  K  a  SD^,  in  which  S  is  the  weight  of  the  material 

from  which  the  balls  are  made  and  D  is  the  diameter  of  the  ball  in 
question. 

This  formula  shows  the  rate  of  wear  at  any  instant.  Since  rate  is 
always  equal  to  the  differential  of  space  with  respect  to  time,   then 

/2  =  -^   in  which  dw  is  the  weight  of  material  worn  off  in  a  very  small 

interval  of  time,  dt. 

But  ti;  =  ^  D»  and  dw  =  ~DHD, 
o  o 

^  DHD  „ 

Then  -^, =  R'^  K^D*, 

at  o 

....  3dD       rj^n       3dD       ,. 

or  simplifying,  -^  =  AD,  or  -^  =  di. 

rru       rj*      S    C^'dD       ^      3  ,       Da     6.9,         Da 

In  this  formula,  T  is  the  time  "required  to  reduce  the  diameter  of  the 
ball  from  Da  to  Db- 

Since  ^  =  ^'  ^'*  =  ^^-  =  ^-  ^^gio  §  (26) 

This  formula  gives  the  total  number  of  balls  of  diameter  between  D« 
and  Dfr. 


*  The  writer  is  indebted  to  Dr.  F.  H.  MacDougall  of  the  University  of  Minnesota 
for  assistance  in  deriving  these  formulas. 
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The  rate  of  wear  is  equal  to  the  amount  worn  off  divided  by  the  time 
required;  but  the  amount  worn  off  in  any  interval  is  ^ir  S(Z>«'  —  Db*). 

Then  R  =  11^^^.:^^,  or  i^|S(Z)'.).  .  l/^*^, 

or  K{D.) j^^ ,otN, x(D',)» 

The  total  weight  of  the  balls  in  any  interval  is  equal  to  the  number  of 
balls  in  the  interval  times  the  mean  weight  of  these  balls, 

W.  =  N'.  X  ^'''; 
then  F'.-^^-«^x(^^-^^ 

W.  =  '^^-(^.;-  ^')  (37) 

But  the  sum  of  the  weights  of  the  balls  in  each  section  is  the  weight 
of  the  entire  ball  charge,  or 

W,'=Wi  +  W,  +  Wt  +  W*,  etc. 

_  xSN,  (/).»  -  -D.')   .  tSN,{Di*  -  .D,') 

"6  K  ^  6K  '**■ 

=  ^^  (^«*  -  -Di'  +  Z)i»  -  /),»,  etc.)  =  ^=  (/)«»)        (28) 

and  K  =  ''-^^^  =  ^  (29) 

Since  W,  =  -W^.;-^'). 

W,  =  ^^(^''  -  ^>')  (30) 

which  is  the  weight  of  balls  in  one  interval.    The  per  cent,  weight  of 
balls  in  an  interval  is  given  by  the  formula, 

%  W\  =  ^  J.  ,       X  100  (31) 

The  average  weight  of  the  balls  of  diameter  between  Da  and  Db 
is  equal  to  the  total  weight  of  the  balls  divided  by  the  total  number 
of  balls,  or 

W  aVg.    =   HTTT   =  -oTr ^—   = ^       (32) 

-t^  10g«  TT  3iV«,Dm'  10g€  yr- 

A  jL>6  ^6 

'  But  since  W  avg.  =  (/)'«)»  y , 


■>'■  - .r'f:r "'Z'l'^u^  (^' 


D*M  irSN„  log«  -^       -yl       log«  -^ 
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By  use  of  formula  (31)  it  is  possible  to  compute  the  actual  screen 
analysis  of  the  balls  in  the  mill.  If  the  balls  are  removed  from  the  mill 
when  they  reach  a  certain  minimum  diameter,  Z)„  formula  (31)  becomes, 


%  W\  = 


/)•»  -  /).» 


(34) 


in  which  Da  and  Db  are  the  upper  and  lower  limits  of  the  diameter  for 
any  desired  interval,  D^  is  the  diameter  of  the  balls  charged  to  the  mill, 
and  Do  is  the  diameter  below  which  the  balls  are  removed  from  the  mill. 
It  should  be  remembered,  however,  that  these  formulas  (31)  and  (34) 
hold  true  only  provided  that  the  balls  wear  down  at  a  rate  proportional 
to  their  weight.  It  would  seem  that  if.  the  percentage  weight  com- 
puted by  formulas  (31)  and  (34)  agreed  reasonably  closely  with  the 
actual  results  secured  by  carefully  screening  a  ball  charge  after  the  mill 
had  been  in  operation  a  sufficient  length  of  time  for  the  charge  to  become 
steady,  and  if  this  agreement  could  be  secured  in  a  number  of  cases 
under  different  conditions,  it  would  be  convincing  evidence  that  the 
ball  wear  varies  with  the  weight  of  the  ball. 

24.  Data  on  Ball  Chabges 

In  an  endeavor  to  follow  this  plan,  the  attempt  has  been  made  to 
secure  reliable  data  showing  the  screen  analysis  of  ball  charges  which 
have  been  in  steady  use  for  a  long  period.  It  seems  to  be  difficult  to 
secure  reliable  information  on  this  subject  but  the  following  results 
seem  to  indicate  the  truth  of  this  law  of  ball  wear. 

The  screen  analysis  of  the  ball  charge  of  an  8-ft.  by  22-in.  (2.4-m. 
by  66.8-cm.)  Hardinge  conical  mill  shown  in  Table  19  was  made  at  the 


Table  19. — Screen  Analysis  of  Bali  Load  at  Miami 

» 

Diameter,  In. 

Weight.  Lb. 

Actual  Per 
Cent.  Wt. 

Computed 

Per  Cent. 

Wt.* 

2.0tO  1.8 

4,080 

3,120 

2,630 

1,008 

1,344 

864 

500 

284 

140 

27.46 

21.00 

17.70 

12.84 

0.04 

6.75 

3.36 

1.91 

0.94 

27.10 

l.Sto  1.6 

21.70 

1.6to  1.4 

16.90 

1.4to  1.2 

12.70 

1.2  to  1.0 

9.10 

l.OtoO.8 

6.10 

0.8to0.6 

3.70 

0.6to0.4 

1.90 

Below  0.4 

0.80 

Total 

14,860 

100.00 

100,00 

♦  Computed  from  equation,  %  Wt. 


X  100. 
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Miami  Copper  Co.'s  plant  after  the  mill  had  been  operating  for  a  year 
with  a  ball  load  of  14,800  lb.  (6713  kg.)  which  was  maintained  by  the 
addition  of  400  lb.  (181  kg.)  of  2-in.  (50.8-mm.)  steel  balls  daily. 

In  this  table,  the  actual  per  cent,  weight  obtained  by  weighing  the 
balls  is  compared  with  the  theoretical  per  cent,  weight  computed  by 
use  of  formula  (30).  The  two  columns  of  figures  are  almost  identical, 
thereby  showing  the  accuracy  of  the  formula  and  the  truth  of  the  law  of 
ball  wear. 

At  the  Golden  Cycle  Mining  and  Reduction  Co.'s  plant  a  dry  crushing 
test  was  made  on  a  6  ft.  2  in.  by  6-ft.  (1.85  by  1.8-m.)  Eominuter  ball- 
mill.  The  mill  was  operated  for  694  hr.,  during  which  time  4825  lb. 
(2188  kg.)  of  5)^-in.  (139.7-mm.)  balls  were  added.  The  original  ball  load 
in  the  mill  was  6614  lb.  (3000  kg.)  and  the  load  at  the  end  of  the  694  hr. 
was  6338  lb.  (2874.8  kg.).  During  this  time,  590  lb.  (267.6  kg.)  of  balls 
less  than  3  in.  (76.2  mm.)  in  diameter  were  discarded  from  the  mill. 
The  screen  analysis  of  the  ball  charge  at  the  end  of  the  operation  is 
shown  in  Table  20. 

Table  20. — Screen  Analyaia  of  Ball  Load  at  Oolden  Cycle  Mill 


• 

Diameter,  In. 

Weight,  Lb. 

Actual  Per 
Cent.  Wt. 

Computed 

Per  Cent. 

Wt.* 

5.5to6.3 

814 
795 
836 
542 
545 
535 
430 
352 
268 
340 
333 
286 
265 

12.83 
12.54 
13.18 
8.55 
8.59 
8.44 
6.78 
5.55 
4.23 
5.36 
5.25 
4.52 
4.18 

* 

12.32 

o.3to5.1 

11.43 

5.1to4.9 

10.57 

4.9to4.7 

9.74 

4.7to4.6 

8.94 

4.5to4.3 ^ 

8.18 

4.3to4.1 

7.46 

4.1to3.9 

6.76 

3.9to3.7 

6.10 

3.7to3.5 

5.48 

3.5  to  3.3 

4.89 

3.3to3.1 

4.33 

3.1  to  2. 9 

3.80 

Total 

6341 

100.00 

100.00 

Da*  —  Db* 
•Computed  by  formula,  %  Wt.  =  Dm*^^Do* 


The  slight  irregularity  in  these  results  may  be  explained  by  the  fact 
that  at  one  time  during  the  test,  after  about  400  hr.,  twenty-two  53^-in. 
balls  were  added  at  one  time.  This  may  explain  the  irregularities  at 
about  5-in.  size. 
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From  the  two  tests  reported,  the  agreement  between  the  actual  per 
cent,  weight  and  the  computed  per  cent,  weight  is  as  close  as  could  be 
expected.  One  was  on  a  wet-crushing  conical  mill,  and  the  other  was  on 
a  dry-crushing  cylindrical  mill,  and  as  far  as  the  available  data  are 
concerned,  the  law  of  ball  wear  seems  to  be  proved.  It  may  develop 
however,  when  more  data  are  collected,  that  the  wear,  instead  of  being 
proportional  to  the  cube  ef  the  diameter,  will  be  proportional  to  some 
slightly  higher  or  lower  power. 

25.  Conclusions  as  to  Ball  Wear 

1.  In  any  mill,  the  rate  at  which  the  weight  of  any  ball  decreases  is 
directly  proportional  to  its  weight. 

2.  In  any  mill,  the  rate  at  which  the  diameter  of  a  ball  decreases  is 
directly  proportional  to  its  diameter. 

3.  In  any  mill,  the  rate  at  which  the  surface  of  any  ball  decreases  is 
proportional  to  its  surface. 

4.  Since  the  rate  at  which  a  ball  loses  weight  varies  as  the  work  done 
upon  it  in  the  mill,  it  follows  that  the  work  done  in  wearing  (or  crushing) 
the  ball,  varies  as  the  weight  of  the  ball.     This  is  seen  to  be  Kick's  law. 

5.  It  then  appears  that  Kick's  law  holds  true  for  the  ball  wear  in  a 
rotating  mill. 

6.  The  natural  tendency  is  for  the  small  balls  to  accumulate  in  the 
mill  charge 

7.  Since  these  small  balls  do  very  little  crushing,  and  exclude  ore  and 
larger  balls  from  the  mill,  if  allowed  to  accumulate  too  long,  a  marked 
decrease  in  crushing  efficiency  wiU  result. 

8.  Since  the  large  ball  is  just  as  likely  to  strike  the  small  pieces  of  ore 
and  the  small  ball  is  just  as  likely  to  strike  the  large  pieces  of  ore  as  the 
reverse,  it  would  seem  that  all  of  the  balls  should  be  of  a  size  to  crush 
any  of  the  particles  of  ore. 

9.  This  means  that  the  balls  should  be  as  nearly  as  possible  of  a  uni- 
form size. 

10.  Since  spheres  of  uniform  size  provide  the  greatest  amount  of 
interstitial  space,  a  mill  charge  composed  of  balls  of  uniform  size  will 
allow  freer  migration  of  the  ore  particles  than  a  charge  containing  balls 
of  different  sizes. 

26.  Recapitulation  of  Ball-wear  Formulas 

Nw  —  number  of  balls  added  in  time  T  to  compensate  for  the  ball  wear. 
Nt  »  total  number  of  balls  in  the  mill. 
N't  =  total  number  of  balls  in  any  interval. 
iVi,  N't,  Nz,  etc.  —  number  of  balls  in  the  first,  second,  third,  etc.,  intervals. 

D  =»  diameter  of  any  ball  under  consideration. 
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Dm  ~  diameter  of  balls  added  to  compensate  for  wear. 
D'a  —  mean  diameter  of  balls  in  any  interval. 
Da  »  diameter  at  beginning  of  interval. 
Dh  =  diameter  at  end  of  interval. 
Diy  Z>2,  Di,  etc.  »  diameter  of  balls  at  end  of  first,  second,  third,  etc.,  intervals. 
Wt  =  total  weight  of  balls  in  the  mill. 
W't  »  total  weight  of  balls  in  any  interval. 
w  =  weight  of  any  ball. 
R  ~  rate  of  ball  wear. 
Rt  =  loss   in  weight  of  the  mill  charge  in  time  T.    It  is  equal  to 

T  =  time  required  for  any  ball  to  pass  through  any  interval.  . 
S  =  weight  of  material  from  which  balls  are  made. 

(23)  R  =  KW.    Rate  of  wear  for  any  ball  of  weight  TT. 

(25)  T  =  -^-  logic  r^""    Time  to  wear  from  /)«  to  Di,. 

A  JL/6 

6  9N  D 

(26)  N\  =    V"  logio  yr*     Number  of  balls  between  Da  and  A. 

A  JJif 

(29)  K  =   ^ w-  D«'.    A  constant  for  any  ball  charge. 

/Qn^  w/  -  ^«  (Dg'  -  Db^)      Weight  of  balls  between  Da  and 

{6U)  w  t  -  jyj  2>6,  when  all  balls  are  allowed  to 

wear  out  in  the  mill. 
Dm' 


(31)       %W\  =  ^^  Y.—^  X  100. 


(32)     W  avg.  =  ''^^^?- — ^-^.     Mean  weight  of  balls  between  D. 

41.41ogio--       andZ)fc. 


Z) 


fr 


(33)  D'a  =       -^ ^-     Mean  diameter  of  balls  between  D« 

^6.9  logic  ^^  ^^^^^• 


Dt 

(34)        %W^',  =  ^"'3  ~  "^^y    Per  cent,  of  total  baU  charge  between 

^«       ^"^      Da  and  Db  when  all  balls  smaller  than 

Do  are  removed  from  the  mill. 

IV  PRACTICAL  APPLICATION  OF  THEORETICAL  CONCLUSIONS 

The  question  finally  arises  as  to  how  fine-crushing  practice  can  be 
improved  by  the  application  of  any  of  the  principles  that  have  been  set 
forth.  It  is  felt  that  the  chief  benefit  to  the  mill  operator  will  be  derived 
from  the  fact  that  he  may  be  better  acquainted  with  exactly  what  is  going 
on  inside  the  ball-mill  under  various  conditions.  He  shoidd  have  a 
mental  picture  of  the  action  of  the  charge  and  know  better  how  to  correct 
the  diflSculties  encountered.  He  should  also  have  a  better  idea  how  to 
proceed  in  order  to  produce  any  desired  result. 
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While  it  is  possible  mathematically,  as  has  been  shown,  to  calculate 
the  proper  mill  speed  for  any  definite  volume  of  charge,  the  size  of  the 
balls  to  be  used  must  be  determined  experimentally.  The  size  of  balls 
is  a  most  important  factor  in  crushing,  and  each  different  condition 
requires  balls  of  a  different  size.  Whether  the  ore  is  hard  or  soft,  coarse 
or  fine,  does  not  affect  the  proper  mill  speed  or  the  volume  of  the  charge; 
these  depend  almost  entirely  upon  the  size,  and  possibly  to  some  small 
extent  on  the  characteristics  of  the  mill.  But  the  proper  size  of  the  balls 
can  be  determined  only  by  a  careful  study  of  the  existing  conditions. 
Experimental  data  must  here  be  resorted  to  and  the  following  method 
is  recommended  as  a  good  means  for  determining  the  exact  size  of  the 
balls  that  should  be  used. 

Charge  the  mill  with  large  balls,  say  of  5-in.  (127  mm.)  diameter. 
A  smaller  size  might  be  better,  but  balls  should  be  used  that  are  known 
to  be  too  large.  An  ammeter  or  wattmeter  should  be  connected  in  the 
circuit  of  the  driving  motor  so  that  the  operator  may  keep  the  ball  load 
constant  by  observing  the  power  required  by  the  mill.  For  maintaining 
this  constant  ball  load,  only  balls  of  the  same  diameter  as  are  already 
in  the  mill  should  be  added.  That  is,  if  the  test  is  started  with  all  5-in. 
balls,  at  the  end  of  24  hr.  these  baUs  will  all  be,  say  4^  in.;  the  ball 
load  shoidd  then  be  restored  to  its  original  weight  by  adding  only  4^- 
in.  balls.     Thus,  each  time  balls  are  added  a  different  size  must  be  used. 

In  this  manner  the  mill  will  be  filled  with  balls  of  approximately 
uniform  diameter  at  all  times.  Then  by  keeping  the  records  of  each 
day's  run,  it  will  be  possible  for  the  operator  to  determine  just  which 
size  produced  the  bedt  results  under  the  conditions  at  hand.  The  ball 
charge  should  then  be  composed  of  balls  as  near  this  size  as  is  practical 
and  economical. 

There  are  two  methods  of  determining  the  proper  size  of  the  balls 
to  be  added  at  the  end  of  each  24  hr.  One  method  is  to  sample  the  ball 
charge  and  actually  measure  the  balls.  In  some  types  of  mills  a  sampler 
can  be  inserted  through  the  discharge  trunnion.  If  this  is  not  possible 
the  size  of  the  balls  can  be  computed,  but  samples  should  be  obtained 
at  certain  intervals  in  order  to  check  the  computations.  The  method  of 
computing  the  ball  size  comes  directly  from  the  ball-wear  formula  and 
is  as  follows:  ' 

First  determine  the  ball  wear  for  the  previous  24  hr.  This  may 
be  done  by  obtaining  a  rough  calibration  of  the  power  meter  in  the  motor 
circuit  so  that  any  definite  decrease  in  power  indicates  a  given  decrease 
in  the  weight  of  the  charge.    This  is,  then  the  ball  wear  in  pounds  per  day. 

Then  in  ball-wear  formula  (25),  T  =    '^  Logio  fr]  but  from  (29),5i^  = 
^.    Then  T  =    —p—  Logio  y^  .     T  is  1  day,  Wt  isjhe  original  weight 
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of  the  ball  charge,  and  Rt  is  the  ball  wear  for  one  day.     Then  Logio 

D  R 

iT  ^  fiQTy  '     I^  t^is  formula,  Rty  Wt  and  /)«  are  all  known,  and  it  is 

only  necessary  to  solve  for  Db,  the  diameter  of  the  balls  to  be  added. 
If  only  Rt  lb.  of  these  balls  are  added,  then  any  error  in  computing  Ri 
will  not  accumulate  but  will  be  corrected  on  the  following  day. 

The  above  method  for  determining  the  proper  size  of  the  balls  will,  of 
course,  require  the  careful  attention  of  some  one  outside  the  ordinary 
mill  crew.  It  also  calls  for  a  large  assortment  of  balls  of  various  di- 
ameters. As  compensation  for  the  trouble  and  expense  necessary  for 
the  proper  carrying  out  of  this  experiment,  the  operator  stands  a  good 
chance  of  increasing  the  ball-mill  capacity  by  a  very  considerable  amount. 

Once  the  proper  size  of  balls  is  determined,  the  charge  should  be 
maintained  so  that  it  is  composed  of  balls  as  little  larger  and  as  little 
smaller  than  the  average  diameter  ball  as  is  possible.  Just  how  closely 
the  proper  ball  charge  can  be  maintained  depends  upon  the  facihties 
and  economic  conditions  at  the  plant.  The  removal  of  the  small  balls, 
which  is  the  main  difficulty,  is  not  so  serious  as  it  may  seem  at  first; 
proper  equipment  makes  this  easy  and  inexpensive.  It  is  to  be  hoped 
that  the  makers  of  ball-mills  will  succeed  in  producing  a  mill  that  will 
automatically  discard  balls  of  any  desired  diameter  as  rapidly  as  they 
are  formed. 

Another  point  which  will  bear  investigation  is  the  classifier  capacity. 
As  has  been  pointed  out,  large  circulating  loads  seem  essential  for  best 
efficiency.  Classification  is  cheap  compared  with  fine  crushing  and  a 
classification  capacity  in  excess  of  the  capacity  of  the  ball-mill  is  very 
much  to  be  desired. 
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Introduction 

Since  Bohler  discovered^  in  1903,  on  cooling  certain  alloy  steels,  the 
phenomenon  of  a  new  and  lower  temperature  transformation  than  the 
usual  Ar»_2«i  obtained  by  increasing  the  maximum  temperature  to 
which  the  material  was  heated,  much  has  been  published^  connecting 
this  phenomenon  with  a  large  number  of  dissimilar  steels  of  high  alloy 
content.  From  the  fact  that  the  transformation  divides  itself,  taking 
place  at  two  widely  separated  temperatures,  it  has  been  called  a  "split 
transformation. "  The  significant  facts  established  by  recent  investiga- 
tors* are:  that  when  the  transformation  occurs  at  the  higher  temperature 
Ay,  troostite  or  a  decomposition  product  is  formed,  and  that  when  the 
transformation  occurs  at  the  lower  temperature  Ar",  the  resulting  struc- 
ture is  martensite.  The  terminology  Ar'  and  Ar"  adopted  here  is  that 
of  Portevin.' 

*  Contributed  through  the  courtesy  of  the  U.  S.  Bureau  of  Standards, 
t  Assistant  Physicist,  U.  S.  Bureau  of  Standards. 

^  Yatsevitch:  Recherches  sur  I'Acier  k  Coupe  Rapide.  Rev.  de  Met.  (1918),  16, 
65-115.     Bibliography  to  1915. 

•  P.  Dejean :  Les  Points  Critiques  de  Refroidissement  des  Aciers  Auto-Trempants 
et  la  Formation  de  la  Troostite  et  de  la  Martensite.     Rev.  de  Met.  (1917),  14,  641-675. 

A.  Portevin:  Les  Points  de  Transformation  des  Aciers  Nickel-Chrome.     Reu.  de 
MeL  (1917),  14,  707-716. 

C.  A.  Edwards:  Initial  Temperature  and  Critical  Cooling  Velocities  of  a  Chro- 
um  Steel.    JrU.Jion  and  Steel  Inst.  (No.  1,  1916),  98, 114-140. 
•Portevin,  LocciL 
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Previous  Investigations 

Reviewing  the  work  on  this  subject  published  in  a  recent  issue  of 
Revtie  de  M^tallurgie  and  referring  in  particular  to  his  statement  that 
martensite  is  a  solution  of  carbide  in  alpha  iron,  Le  Chatelier  says:* 

''How  then  can  a  theory  already  20  years  old  demand  new  investiga- 
tions? The  reason  for  it  is  that  we  have  not  succeeded  in  proving  di- 
rectly the  real  presence  of  the  transformation  of  iron  during  the  very 
short  duration  of  the  quenching.  The  fall  of  temperature  takes  place 
at  the  rate  of  several  hundred  degrees  per  second  and  the  observation  of 
phenomena  so  rapid  requires  particularly  sensitive  methods  of  record- 
ing. I  have  attempted  without  success  to  observe  the  moment  of  the 
reappearance  of  the  magnetic  property  during  the  quenching  of  bars  15 
mm.  square,  but  the  inequalities  of  temperature  from  one  point  to  an- 
other ill  the  mass  conceal  the  phenomenon.  M.  Chevenard,^  in  working 
on  wires  of  a  diameter  100  times  smaller  and  using  as  a  characteristic  of 
the  transformation  of  iron  the  change  of  length  instead  of  the  variation 
of  magnetism,  has  surmounted  for  the  first  time  the  difiiculties  which 
seemed  at  first  view  insurmountable  and  he  has  done  it  with  an  extreme 
precision.  The  thermal  measurements  of  Portevin  and  Garvin*  and  of 
Dejean^  lead  to  the  same  conclusions,  although  in  a  less  direct  manner.'' 

The  results  presented  here  add  further  confirmation  of  the  theory  of 
Le  Chatelier  though  in  a  less  direct  manner  than  those  of  Chevenard. 
Thermal  and  microscopic  data  are  brought  forward  here  to  establish 
the  effect  of  rate  of  temperature  change  on  the  temperature  and  nature 
of  the  transformations  in  a  steel  of  the  composition:  carbon  1.75,  manga- 
Tiese  0.26,  cobalt  2.90,  chromium  15.0.  Similar  work  has  been  done  by 
Edwards'  on  a  steel  of  the  composition:  carbon  0.63.  chromium  6.15, 
silicon  0.07,  manganese  0.17.  He  arrives  at  the  conclusion,  however, 
that  "the  maximum  hardness  was  obtained  when  the  thermal  trans- 
formation had  been  entirely  prevented,  and  when  this  was  accomplished 
the  steel  was  purely  martensitic  in  structure." 

The  present  work  fails  to  confirm  this  statement,  as  does  that  of  the 
investigators  already  referred  to.  Edwards  was  unable  to  observe  the 
transformation  Ar"  with  the  formation  of  martensite,  probably  for  the 
reasons  given  by  Rosenhain*  in  his  discussion  of  Edwards'  paper. 

•  Henri  Le  Chatelier:  La  Trempe  de  TAcier.     Rev.  de  Met,  (1917),  U,  601-606. 
•Pierre  Chevenard:  Difetomfttre  Differential  Enr^istreur.    Rev.  de  Met.  (1917), 

14,  610-640. 

•  Portevin  and  Garvin:  Influence  de  la  Vitesse  de  Refroidissement  sur  la  Tempera- 
ture de  Transformation  de  la  Structure  des  Aciers  au  Carbone.  Rev.  de  Met.  (1917), 
14,  607-609. 

^P.  Dejean:  Les  Points  Critiques  de  Refroidissement  des  Aciers  Auto-Trempants 
et  la  Formation  de  la  Troostite  et  de  la  Martensite.     Rev.  de  Met.  (1917),  14, 641-675. 

•  C.  A.  Edwards,  Loc.  cit. 

'Walter  Rosenhain:  Discussion  on  Initial  Temperature  and  Critical  Cooling 
Velocities  of  a  Chromium  Steel.    Jnl.  Iron  and  Steel  Inst.  (No.  1,  1916),  W,  147. 
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Yatsevitch,^®  Dejean,"  and  Honda"  have  used  two  or  three  cooling 
rates  in  their  experiments  with  varying  maximum  temperatures  and  their 
results  show,  as  do  Edwards',  that  the  transformation  split  occurs  for 
lower  values  of  the  maximimi  temperature  with  faster  cooling  rates. 

The  previous  investigators  in  this  field  have  laid  particular  stress 
on  the  variation  of  the  maximimi  temperature,  the  rate  remaining 
coQstant,  while  the  variation  of  rate,  the  maximum  temperature  remain* 
ing  constant,  has  received  little  attention.  The  present  work  attempts 
to  apply  the  latter  method  to  the  investigation  of  an  alloy  steel  with  the 
object  of  correlating  the  results  of  that  method  with  those  of  the  former 
and  to  establish  the  relations  of  the  several  phenomena  observed. 

Experimental  Method 

The  method  employed  for  obtaining  the  thermal  ciurves  was  to  heat 
the  samples  attached  to  the  hot  junction  of  a  0.5  mm.  diameter  platiniun 
wire,  90  platinum  — 10  rhodium  thermocouple,  in  an  electric  vacuxmi 
furnace,  taking  potential  measurements  on  a  dial  potentiometer  and 
measuring  the  time  interval  on  a  chronograph,  as  described  in  Bureau 
of  Standards  Scientific  Paper  213.  The  furnace,  which  was  recently 
built  at  the  Bureau,  is  a  modified  type  of  the  one  described  by  Rosenhain^' 
and  is  in  use  at  the  National  Physical  Laboratory.  It  will  be  described  at 
a  later  date  and  is  admirable  for  the  purpose,  as  extreme  rates  of  tempera- 
ture change  can  be  obtained  with  smooth  curves  over  long  ranges. 

Thermal  Curves 

The  curves  of  Figs.  1  and  2  were  plotted  by  the  inverse-rate  method 
from  readings  taken  every  0.02  millivolt  (approximately  2°  C.)  except 
for  several  extremely  fast  runs,  which,  however^  are  plotted  on  that  basis. 
The  curves  of  Fig.  1  are  a  preliminary  series  taken  on  sample  A  of  about 
10  gm.  mass  to  locate  the  transformation  ranges  and  without  fully 
knowing  the  characteristics  of  the  material.  The  data  for  the  curves 
of  Fig.  2  were  taken  on  sample  B,  mass  0.81  gm.,  keeping  the  maximum 
temperature  constant  and  extending  the  observations  to  lower  tempera- 
tures than  for  sample  A.  .  The  values  given  for  the  rate  of  temperature 
change  were  reduced  from  the  inverse-rate  curve  observations  taken  on 
heating  just  before  Acus  and  on  cooling  midway  between  Ar'  and  Ar". 

*'  Yatsevitch,  Loc.  cit, 

^^  P.  Dejean,  Loc,  cit, 

"K6tar6  Honda  and  Takejird  Murakami:  On  the  Structure  of  Tungsten  Steels 
2nd  Its  Change  under  Heat  Treatment.  Sci.  Rep,  Tohoku  Imp.  Univ.  (1917)  6, 
a35-283. 

"Walter  Rosenhain:  Some  Appliances  for  Metallographic  Research.  JrU.  Inst. 
Met.  (No.  1,  1915),  13,  164-172. 
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The  transformstioiis,  as  designated  on  the  curves  of  Figs.  1  aod  2, 
are  Aci,  an  evolution  of  heat  on  heating  a  sample  previously  cooled  at  a 
rate  that  gave  Ar";  Ac*,  the  m^netic  transformation;  Acui.  the  trans' 
formations  Aci  and  Aca  merged  or  nearly  superimposed;  Ar',  the  upper 
transformation  of  the  split  Ar  transformations;  and  Ar",  the  lower  trans- 
formation. The  temperature  values  of  these  transformations  are  col-, 
lected  in  Table  1. 

The  appropriateness  of  the  transformation  notation  Aci.i  and  Aci 
will  be  seen  from  the  discussion  of  those  transformations.  Two  values 
for  the  maximum  transformation  temperature  indicate  a  double  peak. 
In  Fig.  3,  the  temperature  values  of  Acn,  Ar',  and  Ar"  given  in  Table  1 
are  plotted  against  rate  of  temperature  change  in  degrees  C.  per  second. 
No  attempt  is  made  to  interpret  the  double  peaks  and  lines  representing 
Ar'  and  Ar"  in  Fig.  3  are  rather  arbitrarily  drawn  through  the  hi^er 
values. 

Effect  of  Cooling  Rate 

An  inspection  of  the  cooling  curves  of  Figs.  1  and  2  shows  that  Ar* 
is  the  normal  Art.j.i  of  slow  cooling  rates,  but  that  it  gradually  dies  off 
in  intensity  with  increasing  rate.     While  Ar'  is  falling  off  in  intensity, 


MO 

'7- 

. 

E(f. 

S 

tI. 

g 

! 

BOO 

,700 

i 

i 

-i 

p 

. . 

^ 

, 

' 

— 



^ 

' 

300 

. 

Fio.  3. 

the  transformation  Ar"  comes  into  existence  and  gains  in  intensity, 
being  a  niaximum  for  rates  that  do  not  show  Ar'.  This  region  over  w^hich 
both  Ar'  and  Ar"  occur,  as  shown  in  Fig.  3,  will  be  called  the  critical 
cooUng  range.  Its  limits  were  roughly  determined  as  0,15°  and  0.70"  C. 
per  second,  by  plotting  a  measure  of  the  transformation  intensities 
obtained  by  a  method  to  be  described  in  a  subsequent  section,  against 
r»te  and  extending  a  straight  line  through  the  values  back  to  zero. 
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The  remarkable  change  in  properties  caused  by  this  very  slight 
change  in  rate  is  repr^ented,  when  the  same  phenomenon  is  observed 
on  varying  the  maximum  temperature,  by  the  considerable  temperaturfe 
v&nation  of  approximately  300°  C.  for  some  high-speed  steels.'*  The 
fact  that  the  split  transformation  occurs  with  a  constant  value  of  the 
maximum  temperature  shows  that  it  is  unnecessary  to  hypothecate 
a  dissociation  of  the  carbide  (or  carbides)  to  explain  this  phenomenon. 

To  establish  the  structural  difference  between  the  material  cooled 
at  a  rate  that  gave  Ar'  and  one  that  gave  Ar"  and  the  analogy  to  the 


Fia.  i.  Fio.  5. 

FlO.    4, COOUNO  BATE  0.01°  C.    PER  SECOND,   TRANSFORUATION  Ah'. 

Fio,  5. — Coouno  rate  0.30°  C.  per  second,  transformation  Am'  and  Ab'. 

phenomena  obtained  by  varying  the  maximum  temperature  for  this  steel, 
micrographs''  were  taken  of  samples  cooled  at  several  definite  rates  of 
cooling.  The  micrograph,  Fig.  4,  taken  after  cooling  at  a  rate  of  O.©!"  C. 
per  second,  Ar'  only  occurring,  shows  an  irregular  mass  of  fine  carbide  par- 
ticles corresponding  to  pearlito  in  carbon  steels  and  distinct  from  the 
coarse  particles  of  free  carbide  in  a  ferrite  matrix.  Figs.  5  and  6,  micro* 
graphs  taken  of  samples  cooled  at  rates  of  0.30°  and  0.33°  C.  per  second 
respectively,  show  characteristic  black  troostite  patches  on  a  background 
of  martensite.     With  those  cooling  rates,  the  transformations  Ar'  and 

"  Honda  and  Murakami,  Loc.  cil. 

Carpenter,  Loc.  cil. 
"  Micrographs  by  H.  S.  Rawdon, 
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At"  were  both  obtained.  Fig.  7,  which  is  a  micrograph  of  sample  A 
following  a  cooling  rate  of  0.71°  C.  per  second,  shows  a  martensitic 
structure  although  the  needle-like  markings,  characteristic  of  high-carbon 
steels,  are  only  slightly  evident.  The  conclusions  to  be  drawn  from  this 
microscopic  evidence  are  that  troostite  or  a  decomposition  product  forms 
with  the  transformation  Ar*  and  martensite  with  the  transformation  Ar", 
precisely  what  obtains  when  the  same  transformations  are  observed  in 
other  alloy  steels  with  varying  maximum  temperature. 


Etched  in  2  per  cent.  HNOi  i 
Fig.  6. — Cooling   rate   0.33°  C.    per  BECo^    . 
Fio.  7. — Cooling  rate  0.71°  C.  pbr  second,  transform ation  Ar'. 

The  radical  structural  difference  between  the  material  showing  Ar' 
and  that  showing  Ar"  presumes  a  similar  radical  difference  in  the  trans- 
formations Ar*  and  Ar".  To  demonstrate  the  possibility  of  this  differ- 
ence, the  intensities  of  the  transformations  Aci_3,  Acj,  Ar',  and  Ar"  have 
been  estimated  by  means  of  a  planimeter  measuring  the  area  of  the 
positive  departure  of  the  thermal  curves  from  the  assumed  neutral  body 
curves  through  the  respective  transformation  ranges.  The  results,  given 
in  Table  2,  show  a  well  marked  loss  in  intensity  of  the  sum  of  the  areas 
of  Ar'  and  Ar"  at  the  cooling  rate  of  1.20°  C.  per  second,  which  gives  Ar" 
above.  On  the  assumption  that  Ar"  is  no  new  transformation  other  than 
Art,  i  or  If  ^^^  conclusion  is  that  some  one  or  more  of  the  transformations 
Atj,  j  ,nd  1  constituting  Ar'  is  suppressed. 
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Table  2. — Areas  of  Thermal  Curves^  in  Square  Millimeters,  Corresponding 
to  Heat  Effects  of  Transformations  in  Sample  B 


Ron 

Aoi-i 

Aoi 

•  • 
74 

Aci-i4- 
Aci 

Cooling  Rate, 
in  Degreed 
per  Second 

Ar' 

At" 

Ar'+ 
Ar" 

Ist 

■  • 

36 

110 

3.40 
1.20 

•    •    • 

84 

2d 

84 

3d 

40 

66 

106 

0.60 

26 

72 

98 

4th 

40 

68 

108 

0.50 

38 

60 

98 

5th 

64 

64 

128 

0.43 

56 

48 

104 

6th 

60 

64 

124 

0.17 

100 

•  • 

100 

7th 

72 
72 

72 

•  ■ 

144 

•   •  ■ 

0.09 
0.06 

120 
116 

•  ■ 

•  • 

120 

8th 

116 

A ver&ge 

■     m 

68 

120 

•  •  •  • 

« 

The  preceding  conclusion  agrees  with  the  generally  accepted  con- 
ception that  martensite  is  a  solid  solution  of  cementite  m  some  form  of 
iron.  This  means  that  Ar'  is  suppressed  with  the  formation  of  martensite 
and  further  evidence  is  not  wanting.  The  transformation  intensities 
indicate  that  a  heat  effect  of  the  magnitude  of  Ar'  is  missing  at  Ar''. 
The  work  of  Honda  on  the  magnetic  properties  of  tungsten  steels,  in  a 
paper  before  the  Iron  and  Steel  Institute,  however,  shows  that  the  car- 
bide is  retained  in  solution  at  Ar"  for  the  carbide  in  solution  does  not 
undergo  the  transformation  Aq.  The  transformations  Act  and  Aci.8 
offer  still  further  substantiation  to  which  attention  will  be  called  in 
their  discussion. 

There  stiQ  remains  the  possibility  that  one  of  the  other  transforma- 
tions Aiz  or  s  is  suppressed.  This,  however,  is  manifestly  impossible, 
for  As  and  A2  coincide  when  Aj  is  depressed^®  below  the  normal  tempera- 
ture of  A2  and  martensite  is  magnetic.  The  magnetic  curves  of  Honda 
and  Murakami^^  taken  on  a  number  of  tungsten  steels  showing  a  split 
transformation  with  increasing  maximum  temperature,  also  indicate 
the  occurrence  of  A2  at  Ar". 

The  conclusion  that  must  therefore  be  adopted  is  that  Ar'  is  sup- 
pressed with  the  formation  of  martensite,  or  that  Ar"  constitutes  the 
transformations  Ars  and  Ara. 

Transpormationb  on  Heating 

The  thermal  curves  of  Figs.  1  and  2  show  two  transformations  Aci.s 
and  Ac2  occurring  uniformly  within  narrow  temperature  limits  and  a 
transformation  Act  occurring  only  following  certain  cooling  rates.     The 

^*K6tard  Honda  and  Hiromu  Takagi:  On  the  CauBe  of  the  Irreversibility  of 
Nickel  Steels.    Sci.  Rep.  Tohoku  Imp.  Univ.  (1917),  6,  324. 
"  Honda  and  Murakami,  Loc,  cU. 
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identity  of  Ac2  is  established  by  its  markedly  characteristic  shape  and 
its  uniform  occurrence  at  about  780°  C,  which  is  in  close  proximity  to  its 
maximum,  768°,  in  pure  iron.  This  phenomenon  of^Aci  occurring  above 
Ac2  in  alloy  steels  is  not  new  and  has  been  well  established  by  Moore^* 
for  a  chromium  steel.  The  transformation  Ac  1.3  hardly  needs  identifica- 
tion, though  attention  should  be  called  to  its  sluggish  ending,  which  in- 
dicates that  the  transformations  concerned  do  not  completely  coincide. 
This  is  further  illustrated  by  the  change  in  area  of  the  peak,  which  is 
evidently  Aci  from  the  effect  of  previous  cooling  rate  on  its  position,  with 
the  temperature  of  its  occurrence. 

The  transformation  Act  is  indicated  by  an  inflection  to  the  left,  which 
denotes  an  evolution  of  heat  on  the  heating  curve  and  occurs  over  a  con- 
siderable temperature  range.  It  is  a  maximum  following  cooling  rates 
that  give  Ar"  alone,  and  loses  in  intensity  following  decreasing  rates 
through  the  critical  cooling  range,  becoming  zero  when  Ar'  alone  occurs. 
It  is  therefore  roughly  proportional  in  intensity  to  Ar"  or  the  amount  of 
martensite  present.  By  its  analogy  to  tempering,  the  conclusion  may  be 
drawn  that  Act  represents  the  precipitation  of  the  carbide  in  solution  to 
form  at  first  troostite  and  as  it  progresses  the  coarsening  of  the  carbide. 

This  phenomenon  of  a  heat  evolution  on  heating  steels  that  show  Ar" 
was  observed  by  Carpenter^*  on  differential  thermal  curves  with  which 
the  maximum  temperature  was  varied  and  connected  with  tempering. 

The  nature  of  Act,  a  gradual  building  up  of  the  heat  evolution  over  a 
long  temperature  range,  may  throw  some  light  on  the  spontaneous  heat 
evolution  and  also  the  change  in  other  physical  properties  of  quenched 
steels,  as  observed  by  Hadfield  and  Brush,^^  by  Matsushita,^^  and  by 
Campbell. 2^  The  indications  are  that  the  transformation  starts  to  a 
minute  degree  at  very  low  temperatures,  possibly  at  ordinary  tempera- 
tures, particularly  in  carbon  steels  which  temper  at  lower  temperatures 
than  alloy  steels.  The  existence  of  Act  as  an  evolution  of  heat  following 
cooling  rates  that  give  Ar"  is  further  confirmation  of  the  suppression  of 
Ari  with  the  formation  of  martensite. 

it  will  be  seen  on  examining  Fig.  3  that  practically  all  the  temperature 


*•  Harold  Moore:  The  Aj  Point  in  Chromium  Steel.  Jrd.  Iron  and  Steel  Inst. 
(No.  I,  1910),  81,  268-286. 

!•  H.  C.  H.  Carpenter:  Types  of  Structures  and  the  Critical  Ranges  on  Heating 
and  Cooling  of  High-Speed  Tool  Steels  under  Varjring  Thermal  Treatment.  JrU, 
Iron  and  Steel  Inst.  (No.  1,  1905),  67,  433-473. 

*^  Charles  F.  Brush  and  Sir  Robert  A.  Hadfield :  Spontaneous  Generation  of  Heat 
in  Recently  Hardened  Steel.    Proc.  Royal  Soc.  of  London  (1917),  93,  188-211. 

*i  T.  Matsushita :  On  the  Slow  Contraction  of  Hardened  Carbon  Steels.  Sci.  Rep. 
Tohoku  Imp.  Univ.  (1918),  7,  43-52. 

"  E.  D.  Campbell:  Rate  of  Change  at  100°  C.  and  at  Ordinary  Temperatures  in 
the  Electrical  Resistance  of  Hardened  Steel.  Advance  Paper,  JnU  Iron  and  Steel 
Inst.  (Sept.,  1918). 
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values  for  the  maximum  of  Aci.s  lie  on  two  smooth  curves.  The  data  of 
Table  1  shows  that  the  runs  which  correspond  to  the  numbers  on  the  upper 
curve  were  obtained  following  cooling  rates  that  gave  Ar'  predominant 
and  those  on  the  lower  curve  following  cooling  rates  that  gave  Ar"  pre- 
dominant. The  temperature  interval,  10  to  15°  C,  between  those  two 
curves  may  therefore  be  attributed  to  the  state  of  division  of  the  carbide 
resulting  from  the  previous  heat  treatment. 

The  phenomenon  noted  in  the  preceding  paragraph  offers  still  further 
substantiation  of  the  suppression  of  Ar'  with  the  formation  of  marten- 
site.  It  may  be  of  interest  to  note  that  the  curves  of  Fig.  3  drawn 
through  the  temperature  values  of  Ac  us  and  Ar'  do  not  point  toward  a 
common  equilibrium  temperature  Aei. 

Summary 

The  results  of  previous  investigation  have  been  taken  to  show  that 
with  the  occurrence  of  a  split  transformation  on  cooling  alloy  steels  from 
increasingly  higher  temperatures:  (1)  that  when  the  higher  temperature 
transformation  Ar'  is  observed  with  low  values  of  the  maximum  tem- 
perature, troostite  or  a  decomposition  product  results,  and  (2)  that  when 
the  lower  temperature  transformation  Ar"  is  observed  with  high  values 
of  maximum  temperature,  martensite  is  the  resulting  product.  The  pres- 
ent investigation  has  shown  for  a  certain  alloy  steel  that  on  varying  the 
rate  of  cooling,  the  maximum  temperature  remaining  constant,  a  strictly 
analogous  phenomenon  is  observed,  increasing  rate  of  cooling  having 
the  same  effect  as  increasing  the  maximum  temperature.  Conclusions 
are  drawn  to  the  effect  that: 

1.  The  transformation  Ar'  consists  of  the  transformations  Arj, 
Alt,  and  Ari. 

2.  The  transformation  Ar"  consists  of  the  transformations  Ars  and 
Arj. 

3.  The  transformation  Ari,  suppressed  when  Ar"  is  observed,  occurs 
on  heating  as  Ac^  with  an  evolution  of  heat  and  the  formation  of  troostite 
or  a  coarser  condition  of  the  carbide. 

4.  The  maximum  of  the  transformation  Aci.3  occurs  at  a  higher 
temper&ture  when  the  previous  cooling  rate  gave  Ar'  than  when  it 
gave  Ar". 

The  author  desires  to  express  his  indebtedness  to  Mr.  H.  S.  Rawdon 
for  the  micrographic  work  and  to  Miss  P.  L.  Thompson  for  her  skilful 
assistance  in  preparing  the  experimental  data. 
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Purpose  op  Investigation 

Since  cuprous  chloride  melts  at  418^  C,  boUs  at  954"*  C.  to  1032°  C./ 
and  is  known  to  be  volatile  at  a  much  lower  temperature,  the  presence  of 
chlorine  in  any  form  in  or  on  copper  to  be  melted  has  always  been  looked 
upon  by  copper  refiners  as  a  possible  source  of  serious  copper  loss.  Al- 
though this  fact  has  been  known  for  some  time,  the  copper  literature 
contains  little  or  no  information  regarding  it  and  the  field  seems  never 
to  have  been  properly  investigated  from  a  metallurgical  standpoint. 

According  to  Greenawalt,*  cupric  chloride,  CuCU,  when  ignited  gives 
cuprous  chloride;  therefore  cuprous  chloride  is  always  formed  when  copper 
enters  into  reaction  with  chlorine  at  a  high  temperature.  Cuprous 
chloride  melts  somewhat  below  a  dull  red  heat,  and  does  not  volatilize 
in  closed  vessels,  even  if  strongly  heated,  but  if  heated  in  the  air  it  gees 
off  as  a  white  vapor.    Hof  man'  gives  the  melting  point  of  cuprous  chloride 


*  Head  of  Research  Department,  Raritan  Copper  Works. 

t  Chief  Chemist,  Raritan  Copper  Works. 

I  Van  Nostrand's  "Chemical  Annual,"  162.  New  York,  1918.  D.  Van  Nost- 
nmd  Co. 

•W.  E.  Greenawalt:  " Hydrometallurgy  of  Copper,"  163.  New  York,  1912. 
McGmw-Hill  Book  Co. 

» H.  O.  Hofman:  "Metallurgy  of  Copper,"  57.  New  York,  1914.  McGraw-Hill 
Book  Co. 
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as  434°  C.  and  states  that  it  is  volatile  at  340°  C.  Prescott  and  Johnson* 
quote  Weltzien,*  that  if  dry  hydrochloric-acid  gas  be  passed  over  heated 
copper,  cuprous  chloride  is  formed  with  the  evolution  of  hydrogen. 

The  reactions  of  cupric  chloride  and  cuprous  chloride  at  low  tempera- 
tures have  been  carefully  studied,  since  they  form  the  basis  of  the  Deacon 
process  for  the  recovery  of  chlorine.  The  reactions  involved  in  that 
process  are  as  follows: 

2CuCl2~>Cu2Cl2  +  CI2 
CU2CI2  +  02->2CuO  +  CI2 
2CuO  +  4HCl-^2CuCl2  +  2H2O 

These  reactions  are  all  reversible  and  large  excesses  of  hydrochloric 
acid  and  oxygen  are  needed  to  make  the  reactions  occur  in  the  proper 
direction.  In  melting  copper  cathodes  containing  chlorides,  however,  the 
reverse  is  the  case  and  the  proportion  of  copper  to  chlorine  is  so  large  that, 
even  if  cuprous  chloride  did  decompose  with  the  formation  of  the  oxide, 
the  chlorine  Uberated  should  at  once  reform  cuprous  chloride  because  of 
the  large  excess  of  copper  present. 

Samples  of  flue  dust  taken  from  the  outgoing  gases  at  the  stack  of  the 
refining  furnaces  melting  copper  cathodes  containing  such  a  small  trace 
of  chlorine  as  to  be  undeterminable  have  shown  that  15  per  cent,  of  the 
total  copper  loss  at  that  point  was  present  as  cuprous  chloride.  While 
the  percentage  loss  was  large,  tTie  average  actual  loss  was  small,  amount- 
ing to  40  lb.  (18  kg.)  of  cuprous  chloride  per  charge  or  an  equivalent  of 
0.10  lb.  (0.045  kg.)  of  copper  per  ton  of  copper  melted.  This  loss  was  not 
large  enough  to  warrant  the  installation  of  a  costly  recovery  system,  but 
emphasized  the  facts  of  a  metallurgical  copper  loss  due  to  chlorides  and 
the  possibiUties  of  much  larger  stack  losses  on  melting  copper  containing 
determinable  quantities  of  chlorine. 

On  melting  copper  known  to  contain  chlorine,  the  fumes  given  off 
while  charging  the  furnace  have  at  times  so  inconvenienced  the  furnace 
men  as  to  cause  improper  charging,  materially  cutting  down  the  size 
of  the  cTiarge  and  causing  labor  dissatisfaction.  Fumes  are  also  noticed 
in  considerable  amount  when  skimming  a  furnace  charge  containing  a 
high  percentage  of  chlorine,  and  occasionally  the  fumes  from  the  fur- 
naces are  so  dense  and  penetrating  as  to  render  it  necessary  for  the  work- 
men to  vacate  the  casting  building. 

Furnace  tests  conducted  some  years  ago  on  melting  cement  copper 
produced  by  the  Henderson  &  Longmaid  process,  and  containing  0.50 
per  cent,  of  chlorine,  showed  a  large  loss  of  copper  by  volatilization  as 
cuprous  chloride.     The  tests,  however,  were  not  quantitative  and  no  data 


*A.  B.  Prescott  and  O.  C.  Johnson:  '' Qualitative  Analj^sis,"  105.     New  York, 
1916.     D.  Van  Nostrand  Co. 

^  M.  C.  Weltzien:  Ann.  de  Chim.  et  Phys.  (1865)  [4],  6,  487, 
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were  obtained- as  to  the  actual  furnace  losses.  With  the  recent  develop- 
ment of  the  hydro-electric  treatment  of  copper  ores,  the  cathode  tonnage 
of  which  is  now  considerable  and  continually  increasing,  the  problem  of 
the  volatilization  of  cuprous  chloride,  if  present  on  the  cathodes,  is  very 
important  owing  to  the  large  factors  involved.  If  all  the  chlorine  present 
on  the  cathode  sheets  is  considered  volatile  as  cuprous  chloride,  for  every 
pound  of  chlorine  present  on  or  in  the  cathodes,  a  theoretical  equivalent 
of  1.79  lb,  of  copper  will  be  volatiUzed  during  the  melting,  or  an  equivalent 
loss  of  3.6  lb.  of  copper  per  ton  of  material  for  each  0.1  per  cent,  of  chlorine 
present  in  the  cathodes.  It  can  thus  be  seen  that,  where  large  tonnages 
are  involved,  a  serious  metal  loss  may  result  on  melting  cathode  sheets 
containing  but  a  small  percentage  of  chlorine.  In  the  hydro-electric 
treatment  of  copper  ores,  the  presence  of  chlorides  in  any  form,  either  in 
the  ore  to  be  leached  or  in  the  water  used  in  leaching,  will  result,  on 
electrolysis,  in  a  deposition  of  cuprous  chloride  on  the  cathodes  unless  the 
chlorine  is  previously  removed. 

In  laboratory  experiments,  electrolyzing  copper  sulfate  solution 
containing  sodium  chloride  and  using  soluble  anodes,  a  white  deposit  was 
obtained  on  the  anode,  which  turned  light  green  in  color  on  drying  at 
90®  C.  and  had  the  following  composition:  Copper  61.84  per  cent., 
chlorine  33.60  per  cent.;  factor  of  copper  to  chlorine,  1.84.  Qn  standing 
24  hr.,  the  color  of  the  compound  changed  to  a  much  darker  green  and 
had  considerably  hydrated,  as  shown  by  the  following  analysis:  Copper 
50.00  per  cent.,  chlorine  26.96  per  cent.;  factor  of  copper  to  chlorine,  1.85. 

It  is  evident  that  the  white  deposit  was  cuprous  chloride,  which  readily 
became  hydrated  on  24  hr.  standing.  A  comparison  of  the  two  factors 
shows  that  there  was  no  oxidation  to  cupric  chloride  on  standing  24  hr. 
Duplicating  the  experiment  using  lead  anodes,  the  cuprous  chloride  did 
not  form  on  the  anode  but  permeated  the  cathode  deposit  to  such  an 
extent  that  it  could  not  be  readily  separated  from  the  deposited  copper. 

Indirectly,  it  is  easy  to  prove  that  a  certain  percentage  of  the  copper 
present  as  cuprous  chloride  on  cathodes  is  volatilized  on  melting.  Cru- 
cible tests  made  by  melting  cathode  copper  containing  cuprous  chloride 
always  show  a  copper  loss  as  compared  with  melting  an  equivalent  weight 
of  cathodes  free  from  chlorides,  but  the  problem  is  generally  complicated 
by  the  presence  of  oxides  and  moisture  on  the  hydro-electric  cathodes 
and  no  definite  conclusions  can  be  drawn  as  to  just  how  much  copper 
is  volatilized  as  compared  with  the  original  chlorine  contents  of  the 
cathodes. 

The  direct  method  of  investigation  followed  in  these  experiments  con- 
sisted in  melting  25  gm.  of  copper,  containing  chlorides,  in  an  alundum  boat 
and  condensing  the  cuprous  chloride  volatilized.  This  cuprous  chloride 
could  not  be  weighed,  but  was  dissolved  in  water  and  nitric  acid  and 
the  copper  and  chlorine  determined  by  the  usual  analytic  methods. 
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Details  op  'Experiment 

The  accompanying  illustration  shows  the  apparatus  used  in  these 
experiments.  The  copper  was  weighed  and  transferred  to  alundum 
boats  which,  in  turn,  were  placed  in  a  1-in.  fused  siUca  tube  and  the  copper 
melted  or  heated  under  a  current  of  carbon  dioxide/  air,  or  furnace 
gases.  The  carbon  dioxide  was  generated  by  the  action  of  hydrochloric 
acid  on  calcium  carbonate  and  was  purified  by  passing  successively 
through  solutions  of  sulfuric  acid,  silver  nitrate,  and  sulfuric  acid.  A 
No.  17  Fletcher  tube  furnace  with  blast  was  used.  No  trouble  was 
experienced  in  melting  copper  satisfactorily. 


I  «iid  3^  Sulfuric  Add 

2,         Silver  Nitrate 

4,         FJetcher  Furnace,  Ho.  17 
Band  6,  Water 

7,  Silver  Nitrate 


12       3  4 

Fig.  1. — Apparatx78  used  in  experiments. 


The  volatilized  cuprous  chloride  condensed  partly  in  the  cold  end  of 
the  silica  tube  and  the  remainder  was  caught  by  passing  the  gases  suc- 
cessively through  two  Erlenmeyer  flasks  containing  water,  and  a  Bowen 
bulb  tube  containhig  an  acid  solution  of  silver  nitrate.  After  the  copper 
had  melted,  or  had  been  heated  for  the  specified  length  of  time,  the 
furnace  was  allowed  to  cool,  the  alundum  boat  removed,  and  the  copper 
analyzed  for  any  chlorine  that  was  not  driven  oflf.  The  silica  tube  was 
carefully  washed  with  water  and  nitric  acid  until  tests  showed  the  wash- 
ings to  be  free  from  both  copper  and  chlorine.  The  contents  of  the  Erlen- 
meyer flasks  and  Bowen  bulb,  as  well  as  the  washings  of  all  the  glass 
connections,  were  added  to  the  solution  obtained  from  the  silica  tube  and 
the  total  copper  and  chlorine  present  determined.  The  chlorine  and 
copper  determinations  were  made  by  the  same  analyst  under  exactly 
the  same  conditions  for  all  the  experiments  and  working  independently 
from  the  experimenter. 
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The  first  series  of  experiments  was  conducted  while  melting  hydro- 
electric copper  drillings  under  a  neutral  gas,  to  avoid  any  possible  wrong 
conclusions,  caused  by  the  interference  of  either  an  oxidizing  or  reducing 
atmosphere.  As  these  experiments  were  conducted  not  only  to  study  the 
volatilization  of  cuprous  chloride,  but  to  arrive  at  some  definite  conclu- 
sion as  to  the  furnace  loss  in  melting  hydro-electric  cathode  sheets, 
containing  chlorine,  under  present  refining  conditions,  two  other  series 
of  experiments  were  conducted,  one  aspirating  air  over  the  sample  while 
melting,  and  the  other  aspirating  gases  collected  from  a  refining  furnace 
during  the  melting-down  period. 

Experiment  Series  No.  1 

Melting  Copper  Containing  Chlorine  Under  Carbon  Dioxide 

Owing  to  the  poss^ibility  of  a  very  finely  divided  copper  rain  being 
formed  as  the  copper  was  melting,  blanks  were  run  using  cast  copper,  free 
from  chlorine.  The  heating  and  melting  of  this  copper  and  the  cleaning 
of  the  silica  tube  and  flasks  and  solution  bulbs  were  conducted  in  iden- 
tically the  same  manner  as  with  the  regular  experiments.  The  blank 
tests  were  made  by  melting  25  gm.  of  drillings  of  cast  copper  that  was 
99.95  per  cent,  pure  and  contained  no  chlorine;  the  time  of  heating  and 
melting  was  1  hr.  The  results  are  given  in  Table  1.  The  average  loss 
of  copper  is  small  and  well  within  the  limit  of  experimental  error  and  has 
no  influence  on  the  final  results  and  summary. 

Table  1. — Melting  Drillings  of  Cast  Copper 


Test  No. 


Weight  of  Copper  in 

Tube  and  Bulbe. 

Qr»m 


Weight  of  Chlorine  in 

Tube  and  Bulbe, 

Oram 


1  0.0003 

2  I  0.0002 

3  0.0004 


Average. 


nil 
nil 
nil 


0.0003  nil 


Melting  Hydroelectric  Cathodes 

A  carefully  prepared  representative  sample  of  hydro-electric  cathodes 
was  used  in  this  experiment.  Analyses  showed  it  to  contain  99.58  per 
cent,  copper  and  0.226  per  cent,  chlorine;  25  gm.  were  used  for  all  tests; 
and  the  equivalent  weight  of  chlorine  in  each  test  was  0.0565  gm.  The 
time  of  heating  and  melting  was  1  hr.;  14  tests  were  made. 
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The  results  are  given  in  Table  2.  Column  2  gives  the  weight  of 
chlorine  left  in  the  copper  after  melting.  With  the  exception  of  test 
No.  7,  this  amount  is  practically  negligible.  Columns  3  and  4  give  the 
weights  of  the  chlorine  and  copper  that  volatilized  during  the  experiment 
and  were  determined  by  washing  out  the  condensed  cuprous  chloride 
from  tube  and  flasks.  Column  5  shows  the  ratio  of  volatile  copper  to 
volatile  chlorine;  that  is,  simply  the  ratio  of  column  4  to  column  3.  The 
average  factor  obtained,  1.76  parts  of  volatile  copper  to  1  part  of 
volatile  chlorine,  is  remarkably  close  to  1.79,  the  theoretical  factor  of 


Table  2. — Volatilization  of  Copper  and  Chlorine  on  Melting  Cathodes 


Test  No. 

Weight  of 

Chlorine 

Remaining  in 

Melted  Copper, 

Gram 

2 

1 

Weight  of 
Volatile  Chlo- 
rine, Gram 

Weight  of 

Volatile  Copper, 

Gram 

Factor  Volatile 

Copper  to 

Volatile 

Chlorine 

Factor  Volatile 

Copper  to 
Chlorine  Con- 
tents of  Sample 

1 

3 

4 

5 

6 

1 

0.0006 

0.0496 

0.0820 

1.65 

1.47 

2 

0.0006 

0.0538 

0.097D 

1.81 

1.74 

3 

0.0002 

0.0497 

0.0831 

1.67 

1.48 

4 

0.0004 

0.0523 

0.1011 

1.93 

1.80 

5 

0.0009 

0.0523 

0.0862 

1.65 

1.55 

6 

0.0004 

0.0546 

0.0871 

1.60 

1.55 

7 

0.0021 

0.0493 

0.0861 

1.75      . 

1.58 

8 

0.0003 

0.0462 

0 . 0886 

1.92 

1.58 

9 

0.0003 

0.0515 

0.0950 

1.85 

1.69 

10 

0.0004 

0.0558 

0.0970 

1.74 

1.73 

11 

0.0004 

0.0513 

0.0906 

1.77 

1.61 

12 

0.0003 

0.0516 

0.0877 

1.70 

1.56 

13 

nil 

0.0493 

0.0873 

1.77 

1.55 

14 

0.0003 

0.0575 

0.1019 

1.77 

1.81 

Average 

0.0005 

0.0518 

0.0908 

1.76 

1.62 

copper  to  chlorine  in  cuprous  chloride,  and  proves  that  the  chlorine 
present  in  the  cathodes  is  volatile  as  cuprous  chloride.  Column  6  is 
the  ratio  between  the  copper  volatilized,  as  shown  in  column  4,  to  the 
chlorine  contents  of  the  original  drillings  as  shown  by  the  analysis, 
0.226  per  cent,  chlorine  or  0.0565  gm.  chlorine  present  in  the  experiment; 
due  allowance  is  made  for  the  chlorine  left  in  the  melted  copper.  The 
average  factor  1.62  is  based  altogether  on  the  analysis  of  the  sample  and 
does  not  take  into  account  any  variation  of  the  chlorine  contents  in  the 
sample  itself.  Individual  analyses  of  the  same  sample  show  a  variation  as 
great  as  0.02  per  cent,  chlorine,  which  would  account  for  the  difference 
in  the  two  factors. 
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Tests  on  Heating  Hydroelectric  Cathodes 

In  crucible  melting  tests,  it  was  found  that  soon  after  the  crucibles 
containing  hydro-electric  cathode  copper  had  been  placed  in  the  furnace, 
heavy  white  fumes  were  driven  off.  This  continued  for  some  time 
but  before  the  crucible  contents  had  actually  melted  these  fumes  had 
disappeared,  indicating  that  most  of  the  cuprous  chloride  was  volatilized 
before  the  melting  temperature  of  the  copper  had  been  reached.  In 
order  to  learn  just  what  effect  heating  of  the  cathodes  without  melting 
would  have,  the  following  test  was  made.  This  experiment  was  conducted 
in  identically  the  same  manner  as  the  preceding  one,  except  that  the 
copper  was  not  melted,  but  the  drillings  were  heated  at  a  red  heat  for 
2  hr.  The  copper  and  chlorine  contents,  etc.,  of  the  sample  were  the 
same  as  in  the  preceding  experiment.     The  results  of  the  three  tests 


Table  3. — Results  of  Heating  Hydroelectric  Cathodes 


Teat  Xo. 

1 

Weight  of 

Chlorine                Weight  of 
Remaining  in    |    Volatile  Chlo- 
Copper,  Gram         rine,  Gram. 
2                              3 

Weight  of 

Vclatile  Copper. 

Gram 

4 

Factor  Vclatile 

Copper  to 

Volatile 

Chlorine 

5 

Factor  Volatile 

Copper  to 
Chlorine  Con- 
tents of  Sample 
6 

1 
2 
3 

0.0087              0.0487 
0.0061              0.0455 
0.0090              0.0465 

0.0834 
0.0824 
0.0823 

1.71 
1.81 
1.77 

1.74 

1.64 
1.73 

Average 

0.0079              0.0469 

1 

0.0827 

1.76 

1.70 

check  closely  with  those  obtained  by  melting  the  cathode  drillings 
and  again  prove  the  volatiUzation  of  copper  as  cuprous  chloride.  Column 
6,  of  Table  3,  allows  for  the  cuprous  chloride  remaining  in  the  copper 
after  heating;  it  is  the  ratio  of  the  volatile  copper  to  the  chlorine  contents 
of  the  cathodes  by  analysis,  less  the  chlorine  remaining  in  the  copper,  as 
shown  in  column  2.  This  factor,  based  on  the  analysis  of  the  original 
drillings,  is  1.70  against  a  factor  of  1.76  obtained  by  comparing  the^ 
actual  volatile  copper  and  volatile  chlorine. 


Melting  DriUings  of  Copper  Mixed  with  Sodium  -Chloride 

It  occasionally  happens  that  the  chlorine  in  the  cathodes  is  not  pres- 
ent as  cuprous  chloride,  but  may  be  there  as  sodium  chloride.  In 
order  to  study  the  effect  of  sodium  chloride  on  copper,  cast  copper,  99.95 
per  cent,  pure,  free  from  chlorine  was  mixed  with  varying  amounts 
of  salt  and  melted  as  in  the  preceding  experiments.  The  salt  contains 
58.48  per  cent,  chlorine. 
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Table  4. — Melting  Copper  Drillings  with  Addition  of  Salt 


Test 
No. 

Weight  of 

Salt  Added, 

Gram 

Equivalent 

of  Chlorine 

Added,  Gram 

Equivalent 

of  Chlorine 

in  Copper, 

Per  Cent. 

Weight  of 

Copper 

VoUtiUsed, 

Gram 

Factor  VolatUe 

Copper  to 

Chlorine 

Added 

Peroentace 
of  Chlorine 
Volatiliicd 
9a  Cuprow 
Chloride 

1 
2 
3 

0.5000 
0.2500 
0.1000 

0.2924 
0.1462 
0.0585 

1.169 
0.584 
0.234 

0.3259 
0.1957 
0.1060 

1.12 
1.34 

1.81 

62.6 

74.9 
100.0 

The  results  of  these  tests,  given  in  Table  4,  show  that  the  chlorine 
does  not  necessarily  have  to  be  in  combination  with  the  copper  to  cause 
volatilization  of  copper  while  melting.  With  an  excess  of  sodium  chloride, 
as  in  tests  1  and  2,  some  of  the  chlorine  was  volatiUzed  as  sodium  chloride; 
but  with  the  addition  of  small  amounts  of  sodium  chloride,  approximating 
the  chlorine  contents  of  hydro-electric  copper,  as  in  test  3,  the  chlorine 
was  quantitatively  converted  and  volatiUzed  as  cuprous  chloride. 


Meltifhg  Cast  Copper  Drillings  Mixed  With  Cupric  Chloride 

Owing  to  the  possibility  of  the  cuprous  chloride  on  the  cathodes 
becoming  partly  oxidized  to  the  cupric  condition  on  long  standing,  tests 
were  made  by  mixing  cast  copper  with  cupric  chloride  and  melting  t)ie 
copper  as  in  previous  experiments.  The  cupric  chloride  contained  37.18 
per  cent,  copper  and  41.3  percent,  chlorine;  the  factor  of  copper  to  chlorine 
was  0.9.     While  0.0929  gm.  of  copper  was  added  as  cupric  chloride, 

Table  5. — Melting  Copper  Drillings  Mixed  with  Cupric  Chloride 


Test  No. 

Amount  of 

Cuprio  Chloride 

Added. 

Gram 

Amount  of 

Copper  as 

Cupric  Chloride, 

Gram 

Amount  of 

Chlorine 

Volatilised. 

Gram 

Amount  of 
Copper 

VoUtilised, 
Gram 

Ratio  VoUtile 

Copper  to 

VoCSle 

Chlorine 

1 

2 

0.250 
0.250 

0.0929 
0.0929 

0.0962 
0.0936 

0.1742 
0.1536 

1.82 
1.64 

Average 

0.250 

0.0929 

0.0949 

0.1639 

1.73 

on  melting  the  copper  0.1639  gm.  of  copper  was  volatilized  with  a  copper 
to  chlorine  factor  of  1.73,  thus  showing  that  on  melting  copper  containing 
cupric  chloride,  the  cupric  chloride  becomes  reduced  to  cuprous  chloride 
and  is  volatilized  as  such.  Since  cupric  chloride  decomposes  on  heating  to 
cuprous  chloride  and  chlorine,  the  reaction  must  take  place  in  two  stages. 

2CuCl2  +  heat->Cu2Cl2  +  CU 

CI2  +   2CU->CU2C12 
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Experiment  Series  No.  2 

Melting  Hydr<h€leciric  Calhode  Capper  Drilling  Under  Air 

The  second  series  of  experiments  was  made  by  aspirating  air  over  the 
copper  drillings  while  melting,  thus  substituting  an  oxidizing  atmosphere 
for  the  neutral  atmosphere  of  the  former  experiment.  The  same  sample 
was  used  as  in  former  experiments,  the  assay  showing  99.58  per  cent, 
copper  and  0.226  per  cent,  chlorine.  The  time  for  heating  and  melting 
was  H  hr.  The  time  of  heating  the  drillings  had  to  be  shortened, 
preliminary  tests  showing  that- heating  the  drillings  slowly  resulted  in 
excessive  oxidation  of  the  copper,  which  prevented  the  drillings  from  melt- 
ing; DO  matter  how  much  heat  was  applied.  Consequently,  a  high  heat 
was  first  applied  without  any  preliminary  warming  up,  in  order  to  melt 
the  copper  before  the  drillings  became  excessively  Oxidized.  Following 
this  procedure,  no  difiiculty  was  encountered.  The  results  of  the  tests 
are  given  in  Table  6. 


Table  6. — Volatilization  of  Copper  and  Chlorine  on  Melting  Cathode 

DriUinge  Under  Air 


Test  Now 
I 


CbloiixM 

Remaining  in 

Melted  Copper, 

Oram 

a 


VoUtiU 

Chlociiie. 

Gram 

3 


VoUtUe 
Copper,  Oram 


Faetor  Volatile 

Copper  to 

Volatile 

Chlorine 

5 


Factor  VolatUe 

Co|»per  to 

Clilorine  Con- 

tenta  of  Sample 

6 


1 

0.0003 

0.0506 

0.0880 

1.74 

1.57 

2 

0.0005 

0.0472 

0.0865 

1.83 

1.54 

3 

0.0005 

0.0607 

0.0967 

1.59 

1.73 

4 

0.0010 

0.0565 

0.0020 

1.63 

1.66 

5 

0.0005 

0.0573 

0.1009 

1.76 

1.80 

6 

0.0005 

0.0560 

0.0901 

1.61 

1.61 

Average.... 

0.0006 

0.0547 

0.0924 

1 
1 

1.69 

1.65 

Albert  M.  Smoot,  of  Ledoux  &  Co.,  carrying  out  an  independent 
mvestigation  on  the  same  sample  along  similar  lines,  called  attention  to 
the  iact  of  a  possible  hydrolysis  of  cuprous  chloride  and  consequent 
foraiation  of  copper  oxide  should  moisture  be  present  in  the  gases  passing 
over  the  copper.  In  order  to  test  this  theory,  tests  1  and  2  were  made 
with  air  saturated  with  water  vapor;  tests  3  and  4  with  dry  air;  while  in 
tests  5  and  6  the  air  was  neither  moistened  nor  dessicated  and  represented 
atmospheric  conditions.  From  Table  6,  the  average  factor  of  these  tests 
with  wet  air  is  1.56;  with  dry  air,  1.70;  and  with  air  at  atmospheric  condi- 
ttons,  1.70.  These  results  would  tend  to  prove  Mr.  Smoot's  theory  that 
wet  gases  would  somewhat  reduce  the  volatilization  of  cuprous  chloride. 
Bowever,  furnace  gases  are  neither  saturated  with  water  vapor  nor  are 
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they  dessicated  and  an  average  of  the  six  tests  should  be  a  fair  average  of 
furnace  losses  allowing  for  any  possible  moisture  correction. 

The  factors  found  agree  with  those  obtained  in  the  former  experi- 
ments, and  show  that  even  if  cuprous  chloride  is  oxidized  and  decomposed 
the  chlorine  thus  liberated  reunites  with  the  copper  owing  to  the  mass  of 
the  copper  present. 

Experiment  Series  No.  3 

Melting  Hydroelectric  Cathode  Drillings  Under  Furnace  Gases 

In  order  more  nearly  to  approximate  actual  furnace  conditions, 
furnace  gases  were  collected  from  refining  furnaces  during  the  melting- 
down  period,  and  tests  made  on  hydro-electric  cathode  drillings  in 
identically  the  same  manner  as  in  former  experiments,  aspirating  a  steady 
stream  of  the  furnace  gases  over  the  drillings  while  melting.  The  gas 
analyses  are  given  in  Table  7;  the  results  of  the  tests,  in  Table  8. 

Table  7. — Analyses  of  Furnace  Gases 


Test  No. 


1 

2 
3 
4 
5 
6 


COj 
Per  Cent. 


10.4 
14.8 
13.6 
10.4 
15.4 
11.4 


O 
Per  Cent. 


CO 
Per  Cent 


8.2 
2.4 
5.0 

8.2 
2.8 
6.2 


Table  8. — Volatilization  of  Copper  and  Chlorine  on  Melting  CaJthodes 

Under  Furnas  Gases 


Test  No. 


1 
2 
3 
4 
5 
6 

Average. 


Amount  of 

Chlorine  ^ 

Remaining  in 

Melted  Copper, 

Gram 

2 


Amount  of 
Volatile  Chlo- 
rine, Gram 


Amount  of 

Volatile  Copper, 

Gram 


Factor  Volatile 

Copper  to 

Volatile 

Chlorine 


Factor  Volatile 

Cof^per  to 
Chlonne  Ccwh 
tenta  of  Sample 

6 


0.0007 
0.0004 
0.0003 
0.0005 
0.0009 
.0.0008 


0.0006 


0.0479 
0.0492 
0.0584 
0.0588 
0.0539 
0.0540 

0 . 0537 


0.0809 
0.0842 
0.1029 
0.0959 
0.0861 
0.0858 


1,69 

1-45 

1.71 

1.50 

1.76 

1.83 

1.63         ' 

1  71 

1.60 

1  55 

1.59 

1.54 

0.0893 


1.66 


1.60 


As  in  the  preceding  experiments,  tests  1  and  2  were  made  with  the 
gases  saturated  with  water  vapor;  tests  3  and  4  with  dried  gases.  la 
tests  5  and  6,  while  the  gases  were  neither  moistened  nor  dessicated  they 
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were  collected  from  the  furnaces  over  water  and  were  displaced  during 
the  experiment  by  water,  so  that  the  gases  used  contained  more  water 
vapor  than  under  actual  furnace  condition.  From  Table  8  the  average 
factor  of  these  tests  with  wet  gases  is  1.48;  dry  gases,  1.77;  gases  as  col- 
lected, 1.55. 

These  results  again  tend  to  prove  Mr.  Smooths  hydrolysis  theory. 
The  presence  of  water  vapor  in  the  gases  seems  to  have  more  effect  on  the 
volatilization  of  cuprous  chloride  than  the  composition  of  gases  passed 
over  the  copper  while  melting.  The  average  of  the  six  tests  made  under 
the  three  different  conditions  should  give  a  fair  average  of  furnace  losses, 
allowing  for  any  possible  moisture  correction;  possibly  a  little  low, 
because  the  gases  in  tests  5  and  6  contain  more  water  vapor  than  is 
actually  present  in  the  furnace  gases. 

Summary 

Experiments  in  melting  drillings  of  cathode  copper  containing  cuprous 
chloride,  and  analyzing  the  resulting  volatile  copper  and  chlorine,  resulted 
in  the  following  series  of  factors : 

Factor  Volatile  Copper  to  Volatile  Chlorine  Based  on  Actiial  Determination 

of  Volatile  Products 

Melting  under  carbon  dioxide  (14  tests) 1 .  76 

Melting  under  air  (6  tests) 1 .  69 

Melting  under  furnace  gases  (6  tests) 1 .  66 

Factor  Volatile  Copper  to  the  Actual  Chlorine  Contents  of  Sample 

Melting  under  carbon  dioxide 1 .  62 

Melting  under  air 1 .  66 

Melting  under  furnace  gases 1 .  60 

Considering  that  the  theoretical  factor  of  copper  to  chlorine  in  Cu- 
prous chloride  is  1.79,  these  experiments  prove  that  the  volatilization  of 
cuprous  chloride  on  melting  cathode  copper  takes  place  almost  in  its 
molecular  ratio,  and  that  under  present  copper  refining  practice  any 
cuprous  chloride  present  in  or  on  the  cathode  can  be  considered,  for  all 
practical  purposes,  as  completely  volatilized  on  melting,  and  may  be  the 
cause  of  a  serious  metallurgical  loss  of  copper. 
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a.  February,  1919) 

recD  Peace  Laboratory) 

:  which  developed  spoataneoiisly  in  $ 

between  19  and  38  days  after  it  had 

developed  spontaneously  in  a  similar 
tic  testing.  In  this  case  the  rupture 
eport.  The  path  of  rupture  in  this 
igular,  is  the  more  interesting  of  the 


Fig.  2. 

two  parallel  volutes  centered  at  the 
ist  below  D.  Several  weeks  later, 
s  taken,  a  similar  doubling  of  the 
t,  starting  from  the  end  of  the  eye- 
thence  to  the  left  contra-clockwise 

!  pictures  are  made  have  not  been 
the  letters  on  them. 
3  bullet  was  normal  to  the  initial  sur- 
5oth  the  helmet  passed  the  ballistic 
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test  without  detectable  cracking,  under  a  velocity  of  impact  not  far  below 
that  which  usually  causes  perforation.  The  initial  surface  itself  was  very 
nearly  spherical  throughout  the  region  covered  by  the  break. 

In  the  early  days  of  making  armor-piercing  shells,  spontaneous  and 
violent  aging  rupture  was  so  common  that  the  shells,  after  hardening, 
used  to  be  stored  for  a  considerable  length  of  time  in  a  room  to  which 
nobody  was  admitted. 

Since  the  foregoing  was  written  several  additional  volute  breaks 
have  been  noticed,  one  at  the  opposite  end  of  the  helmet  shown  in 
Fig.  1,  and  one  in  another  helmet.  This  last  is  at  least  as  reg:ular  as 
that  shown  in  Fig.  1. 

These  later  cracks  occurred  about  three  months  after  the  ballistic 
testing  ended.  About  two  weeks  later  the  attention  of  one  of  us  was 
arrested  by  a  succession  of  faint  cracklings  proceeding  from  a  pile  of 
tested  helmets. 
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Microstructural  Features  of  Flaky  Steel* 

BY  HENRY   8.    RAWDON,t   WASHINGTON,    D.    C. 

Introduction 

One  of  the  most  vital  problems  in  the  manufacture  of  steel  at  present 
is  the  occurrence  of  the  defects  that  have  been  popularly  termed  "snow 
flakes,"  "flakes,"  or  "scabs."  Particularly  is  this  the  problem  of 
many  manufacturers  who  during  the  past  2  yr.,  have  undertaken  large- 
scale  production  for  the  first  time.  A  study  of  the  microstructure  of 
such  defective  material  throws  considerable  light  upon  the  nature  of  these 
defects  and  is  essential  before  measures  may  be  taken  for  the  elimina- 
tion of  the  defects.  Flakes  do  not  appear  to  be  found  in  the  plain  carbon 
steels;  they  have  been  found,  however,  in  abundance  in  some  of  the  simple 
alloy  steels  that  are  being  used  in  such  vast  quantities;  viz.,  nickel  steel 
of  the  approximate  composition,  0.40  carbon  and  3.5  per  cent,  nickel, 
and  in  the  chrome-nickel  type.  The  present  article  summarizes  the 
characteristic  features  of  defective  steel  of  the  flaky  type  as  they  have 
been  found  by  laboratory  study  of  numerous  specimens,  and  it  aims  to 
show  the  conditions  within  the  metal  that  are  favorable  to  the  occurrence 
of  this  type  of  defect  without  entering  into  the  details  of  mill  practice 
(size  of  ingot,  design  of  molds,  rate  of  cooling,  distribution  of  cooUng 
stresses,  etc.),  all  of  which  conditions  appear  to  play  a  role  in  the  pro- 
duction of  these  defects. 

Macrostructure 

To  one  familar  with  flaky  steel,  the  appearance  of  "snow-flakes" 
is  unmistakable  and  is  not  to  be  confused  with  other  types  of  defects. 
Figs.  1  to  6  show  the  appearance  of  fractures  of  steel  showing  this  type  of 
defect;  the  white  silvery  area,  which  always  has  the  appearance  of  being 
of  a  very  coarsely  crystaUine  structure,  in  the  specimen  stands  out  in 
bold  contrast  to  the  darker  background  and  readily  justifies  the  use  of 
the  term  *^ snow-flakes."  Fig.  1  shows  the  appearance  of  the  faces 
of  the  two  halves  of  a  nickel-steel  forging  that  has  been  split  to  show 
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the  interior  flakes.  Fig.  2  is  a  nickel-steel  bar  (carbon  0.40  per  ceDt., 
oickel  3.62  per  cent.,  chromium  0.35  per  cent,  not  intentionally  added) 
intended  for  use  in  the  manufacture  of  a  propeller  shaft. 


Fia.    1. NlCKBI^STEEL  F 


In  the  examination  of  material  for  the  detection  of  flakes,  the  specimens 
are  often  nicked  and  broken  under  impact;  unless  the  steel  has  a  very 


Fig.  2. — Chkome-n 


fine  grain  the  contrast  between  the  coarse  face  of  the  flake  and  tite  sur- 
rounding metal  may  not  be  very  marked.  The  best  procedure  is  to 
refine  the  grain  by  properly  hardening  the  piece  before  breaking.     Tlk^ 


flakea  will  then  appear  as  coarsely  crystalline  areas  surrounded  by  the 
smooth  porcelain-like  fracture  of  the  surrounding  sound  metal.  Fig.  3 
shows  such  a  fracture  of  the  material  of  Fig.  2  after  so  hardening.     The 


Fig.  3. — Matirial  similar  to  that  of  Fio.  2,  that  has  been  hardened  and 


area  designated  as  the  flake  always  has  an  appearance  suggesting  a 
coarsely   crystalUne  structure.     The   crystals,   however,   are  markedly 


h,  C,  0.38,  Cb,  0.20 , 


diflfereDt  from  those  of  the  remainder  of  the  fracture — no  sparkling 
deavsge  planes  are  to  be  found,  instead  the  comers  and  edges  of  the 
crystals  are  rounded  and  smoothed  and  the  surfaces  often  have  a  very 
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fine  matt  finish.  They  have  the  appearance  of  crystals  that  were 
squeezed  together  while  soft  and  plastic  and  yet  failed  to  adhere  firmly 
to  one  another.     The  same  type  of  break  is  obtained  by  fracturing  a  bar 


Fig.  5. — a,  Bar  cut  transversely  from  nickel-steel  disk,  similar  to  that 

OF   Fia.    4,   BROKEN   BT   ALTERNATING    STRESSES;    MATERIAL    WAS    BOUND,    NO    FI.ASU 

WEBB  RBVEALED.     X  2.     b.  Similar  material  to  a;  seiveral  flakes   were  rg- 

TXALED  WHEN  BROKEN  BT  ALTERNATINO  BTHESSBB.  X  2.  C.  SIMILAR  MATERIAL 
TO  a  AND  b;  METAL  CONTAINS  NUMEROUS  LARGE  FLAKES.  SoUND  METAL  FORUS  SMOOTB 
PORCELAIN    FRACTURE,    FLAKES    HAVE    USUAL    COARSELY    CRYSTALLINE      APPEARAHCB. 

X  2.     d.  Specimen  similar  to  6  broken  bt  impact;  flakes  are  relativelt  is- 

CONSPICnOUS,  COMPARED  WITH  THOSE  IN  5  AND  C.       X  1. 


Fio.  6. — Material  op  Fia.  5c;  this  flake  was  located  back  of  pi.ane  op 

FRACTURE  and  was  VERY  SLIOHTLY  OPENED    OP  BY  ACTION  OP  ALTERNATING  STBESSS; 
IT    WAS     TBEN     BROKEN    OPEN   BY     IMPACT.        X     2.      U,     CoARSE     FRACTURE      DUE     TO 

FLAKE.     El,  Smooth  porcelain  detail  fracture,     c.  Coarse  crystalline  bkeax 


by  the  action  of  alternating  or  by  repeated  stresses.  Figs.  5  and  6 
show  the  appearance  of  a  sound  specimen  of  nickel  steel,  carbon  0.41, 
chromium  0.106,  nickel  2.85,  and  two  flaky  bars  of  similar  material, 
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carbon  0.37,  chromium  0-01,  nickel  2.83,  fractured  by  alternatiog 
etresees.  The  flakes  revealed  in  this  manner  are  much  more  striklDg 
in  appearance  than  when  the  same  specimen  is  broken  transversely  by 
impact.  Fig.  5d  shows  one  of  these  specimens  broken  in  this  latter 
manner.     That  the  area  of  the  flake  is  a  nucleus  for  the  starting  of  the 


Fio.  7.  Fig.  8. 

Fic.  7. — Radioobaph  of  bak  of  bound  nickeit-steel  H  in.  thick,  baub  ma- 

TEBIAL  AS  Fio.  5a. 

Flo.  8. — RASioaiiAPH  ot  snaLAR  bar  or  flakt  nickel-steel,  bame  uatebial 
u  Fio.  5c;  each  white  tbansvebsk  line  mabkb  location  of  a  flake. 

detail  fracture  that  produces  the  fine  porcelain-like  break  is  illustrated 
in  Fig.  6.  This  represents  a  fiake  located  somewhat  back  of  the  plane 
on  which  the  break  finally  took  place  in  the  specimen,  Fig.  5c,  broken  by 
alternating  stresses.  After  the  completion  of  the  test,  the  metal  here 
was  opened  by  sawing  in  from  the  sides  and  then  breaking  by  a  hammer 


Fio,  9, — Cbobs-section  of  a  bab  or  Fit 

ORAFB.      X  2. 

blow.  The  fracture  shows  three  portions:  the  coarse  crystalline  flake, 
the  smooth  detail  break  surrounding  this,  and  the  outer  crystalline  portion 
broken  by  impact.  Without  doubt  this  flake  acted  as  a  center  from  which 
the  detail  break  proceeded  outward  on  all  sides. 

He  flakes  are  often  found  to  have  a  rather  definite  and  symmetrical 
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arraBgement  in  the  piece  in  which  they  occur.  Fig.  4  shows  a  sector 
of  a  croBS-section  of  a  gun  forging,  carbon  0.38,  chromium  0.20,  nickel 
2.92  in  which  the  flakes  were  very  abundant.  The  radial  arrangemeot  is 
very  evident.  The  same  symmetry  has  been  noted  in  much  smaller 
pieces,  that  is  4  and  5-in.  (10  and  12  cm.)  billets  of  chrome-nickel  steel. 
The  examination  by  means  of  X  rays  of  steel  suspected  of  being  flakj- 
is  of  instructive  interest  and  throws  some  additional  light  on  the  nature 
of  the  defect.  Figs.  7  and  8  show  radiographs  of  a  sound  ?^-in,  (9  mm.) 
bar  of  steel,  carbon  0.41,  chromium  0.106,  nickel  2.85,  and  a  speci- 
men of  very  similar  composition,  carbon  0.37,  chromium  0.010, 
nickel  2.83,  but  suspected  of  containing  Bakes.  These  bars  were  cut 
transversely  out  of  finished  gun  forgings  of  the  approximate  composition 


Fio.  10. — Same   material  as   Fro.  4,  etched  wth  2  per  cent,  copfbb-aw- 

MOmUU  CHLORIDE  SOLUTION.  X  15.  a,  LARGE  FLAKE;  WHICH  APPEARS  TO  BEAR 
NO  RELATION  TO  BLAO  INCLUSION'S.  b,  SMALL  FLAKEj  INCLUSIONS  THAT  AIDED  IN 
FORMATION  ARE  PLAINLY  BEEN, 

given.  Each  white  transvei'se  line  in  the  second  radiograph,  Fig.  8, 
indicates  the  location  of  a  flake  as  was  shown  by  sawing  in  from  the  sides 
of  the  line  x  —  x  and  breaking  the  specimen  along  the  line.  The  large 
flake  shown  in  Fig.  9  was  revea'ed  in  this  manner.  The  white  lines 
marking  the  location  of  the  flakes  indicate  discontinuities  in  the  metal 
along  these.'lines.  They  are  due  to  the  metal  being  more  transparent  to 
the  rays  along  these  planes  than  is  the  surrounding  metal. 

In  the  examination  of  flakes  to  show  their  relation  to  the  structural 
features  of  the  steel,  it  is  essential  that  the  study  be  made  upon  samples 
showing  very  small  flakes.  Figs.  4  and  8  show  that  the  flake  is  a  dis- 
continuity within  the  metal  often  of  very  appreciable  width.  Fig.  10a 
shows  a  section  through  one  of  the  flakes  in  the  gun  foiling  shown  in  Fig. 
4.  The  metal  has  been  etched  with  copper-ammonium-chloride  solution 
to  show  the  non-metallic  or  slag  inclusions.    Although  the  steel  is  verj- 
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bfully  contaminated  with  such  inclusions,  little  if  any  relation  l>etween 
these  inclusions  and  the  course  of  the  flake  can  be  traced.  In  Fig.  10b, 
however,  which  shows  a  very  small  flake  in  the  same  material,  the  inclu- 
sions that  permitted  the  separation  of  the  metal  to  occur  and  determined 
the  course  that  the  flake  took  are  very  evident. 

MiCHOSTRUCTURE 

When  a  section  of  flaky  steel  at  right  angles  to  the  general  plane  of  the 
flake  is  examined  after  properly  polishing  and  etching,  it  is  seen  that  the 
metal  bordering  the  flake  is  normal  in  its  structure  up  to  the  immediate 
face  of  the  separation;  that  is,  the  flake  has  no  depth.  Figs.  11  and  12 
show  the  structure  of  a  chrome-nickel  steel  and  a  plain  nickel  steel,  as 


Fia.  11.- 

STB1TCTUKE  I^ 
ACID.       X  500. 

related  to  a  flake  extending  through  the  piece.  The  flake  appears  as  a 
discontinuity  in  otherwise  normal  material.  Fig.  13  shows  a  section  of 
the  aame  specimen  after  quenching;  the  metal  is  hardened  uniformly 
throu^out,  the  coarsely  crystalline  appearance  noted  on  the  face  of  the 
flakes  in  such  material,  Fig.  3,  is  a  surface  configuration  only — the  real 
grain  of  the  metal  constituting  the  flake  is  refined  to  the  same  degree 
as  elsewhere  in  the  specimen.  The  discontinuity  in  the  metal,  which  in 
the  fracture  appears  as  the  flake,  is  an  intercrystalline  one.  Fig.  14, 
which  shows  the  structure  of  a  billet  of  chrome-nickel  steel  before  receiv- 
ing any  heat  treatment  whatever,  shows  how  closely  the  course  of  the 
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Fia.    12. NlCKEI.-BTEBI>      GON      PORGINQ,      HEAT      TREATED,      SHO'WlMa      BECTTOH 

TBBouoB  A  TLAKB,  C,  0.37;  Ni,  2.83;  Ck,  0.01.     Microstbdctvre  or  hbtai.  is 

KORHAL  DP  TO  IMMEDIATE  FACE  OP  FLAKE.       ETCmNO,  2  PBB  CENT.  ALCOHOLIC  NITBIC 

ACID.      X  500. 


EtCHINO,    2   FEB    CENT. 
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flake  follows  the  grain  boimdaries,  which  here  are  plainly  shown  by  the 
different  orientation  of  ferrite  planes  within  the  different  crystals.    The 


presence  of  flakes  in  this  billet  was  first  demonstrated  by  polishing  a 
crosft-eection  of  the  billet.  A  aeries  of  interior  radial  cracks  was  found 
which,  when  broken  open,  had  the  characteristic  appearance  of  flakes. 
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The  intercrystalline  aature  of  the  separa- 

i  tioD  naturally  leads  to  the  examiDation  of  the 

u  material  for  the  presence  of  intercrystalline  in- 

5  elusions  or  other  features,  which  would  account 

't  for  the  separation  taking  place  in  this  manner. 

^  The  examination  must  be  restricted   to  very 

°  small  flakes  or  to  the  extreme  edges  of  those 

«  of  larger  size.     Fig.  15  showB  the  appearance 

c  of  a  flake  at  a  moderate  magnification — the 

p  flake  appears  merely  as  a  crevice  or  discon- 

z  tinuity  in  the  metal.     It  is  best  to  limit  the  ex- 

0  aminatioQ  at  higher  magnification  to  the  fine 
"  hair-like  cracks  or  extensions  of  flakes  at  the 
;^  ends  of  the  wider  openings,  as  is  indicated  by 
"^  the  arrows.  Fig.  16  shows  such  a  crack, 
fclg  which  in  reality  consists  of  an  extremely  thin 
2^  film   of   slag   (magnification    500    diameters), 

1  Figs.  17a  and  b  show  sections  of  the  film  Id 
g  g  two  other  similar  flakes,  these  films  may  also 
^  g  be  readily  seen,  if  present,  by  first  annealing 
^  H  the  metal;  Figs.  18a  and  b  illustrate  this.  The 
|P  film  is  often  discontinuous  and  shows  breaks 
S  1^  in  it;  in  Fig.   19,  it  occurs  as  a  continuation 

1  d  of  isolated  globules  in  chrome-nickel  steel, 
S  t  carbon  0.39,  nickel  3.08,  chromium  0.87. 
^  s  Fig.  20  shows  a  flake  the  course  of  which  is 
g  Z  outlined  by  slag,  the  globules  of  which  are 
g  ^  much  larger.  In  general  an  examination  of 
^  ^  the  more  open  part  of  the  flake  shows  little 
g  that  is  su^estive.  Occasionally,  however, 
^  isolated  globules  of  glassy  slag  may  be  detected 
»_  within  the  opening,  as  in  Fig.  21.  By  deep 
X  grinding  so  that  the  outer  margin  of  the  flake 
S  is  sectioned,  particularly  if  the  section  is 
£  slightly  oblique  to  the  plane  of  the  flake, 
g  traces  of  a  glassy  slag  may  be  found  in  the 
S  cavities,  as  in  Fig.  22.  The  wide  portions  of 
a  the  crevice,  on  the  whole,  however,  are  not 

2  found  to  he  completely  filled  with  a  continuous 
I  slag  film. 

g  Upon  etching  the  specimens  showing  sUg 

^  films  with  hot  alkaline  sodium  picrate,  it  is 

(S  noted  that,  in  general,  the  gray  color  <A  the 
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Fia.  18. — Matebiaii  showinq  _si,Aa  films  enclosed  bt  the  flakx  nrtan.Am 

TO     PlO.    17,    AFTER    i 

a,   X  100;  b,  X  500. 
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Fig.  22. — Nickel-steel  containino  flakeb,  baue  material  as  Fio.  12,  bhow- 

DJO  iTBACKS  or  SLAO   ENCLOBED    WITHIN   CREVICEB    OF   Ft^AKE.      EtCHED    WITH  HOT 
ALKALINE  BODIUH  FICRATK.      X  500. 
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film  is  not  changed.  The  work  of  Comstock'  has  shown  that  this  is  an 
indication  that  BUch  inclusions  are  of  the  nature  of  trufe  slag  rather  than 
sulfide. 

Pkobasle  Nature  op  Flakes 

The  results  of  every  kind  of  examination  of  flaky  steel  indicate  that 
flakes  are  discontinuities  within  the  steel.  These  discontinuities  are 
often  found  to  be  associated  with  extremely  thin  films  of  slag  which  are 
either  continuous  or  formed  of  tiny  isolated  globules.  The  appearance 
of  the  face  of  the  flake  to  the  unaided  eye  or  when  examined  with  a  hand 
magnifier  su^ests  strongly  that  the  defect  had  its  origin  early  in  the 
history  of  the  metal.  The  coarse  crystals  have  rounded  corners  and  faces 
and  in  general  the  appearance  suggests  plastic  bodies  that  have  been 


Fig.  23. — Fracture    or   dbfbctivb    chroue-niceel    btebl    bhowimo    condi- 

nONB  WITHIN  INOOT.  SaMPLB  WAS  FROM  30-lN.  INGOT  ABOUT  5  IN.  FROM  CENTER; 
NATUHAl.  SIZE. 

squeezed  together  and  failed  to  adhere.  There  is  no  trace  of  the  glisten- 
ing cleavage  faces  of  crystals,  which  are  always  to  be  found  when  a 
coarsely  grained  metal  breaks  normally,  that  is  by  an  intracrystalline 
break.  The  usual  symmetrical  arrangement  of  the  flakes,  except  in 
forgings  of  which  parts  have  been  very  much  displaced,  such  as  the 
twisted  portions  of  crankshafts,  also  suggests  that  they  were  formed  early 
in  the  history  of  the  piece.  The  fact  that  the  flakes  are  all  intercrystal- 
line  in  their  nature  also  confirms  this.  The  sectioning  of  large-sized 
blooms  and  of  ingots  has  amply  verified  the  conclusions  based  on  observa- 
tions of  the  finished  forgings  and  demonstrated  that  the  defect  originates 
in  the  ingot  and  persists  throughout  the  entire  forging  period  and  the 
subsequent  heat  treatment. 

Althouf^  flakes  have  been  found  to  be  associated  with  slag  inclusions, 
either  as  thin  films  or  as  isolated  globular  masses,  the  fact  that  steel  is 
"dirty"  is  by  no  means  a  sure  or  safe  criterion  for  condemning  it    as 

'G.  F.  Comstock:  Tram.  (1916)  68,  553-S60- 
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"flaky."  Without  doubt,  however,  the  presence  of  df^;  inclusions, 
which  later  may  be  squeezed  down  to  the  form  of  films,  is  a  condition 
that  aids  very  materially  in  permitting  a  separation  of  the  metal  to  occur 
and  also  assists  in  the  prevention  of  the  subsequent  welding  up  of  such 
interior  cavities.  While  inclusions  and  slag  films  have  been  found  asso- 
ciated with  Bakes  in  a  large  number  of  specimens  of  flaky  steel  examined, 
in    a  considerable  number  of  samples  such  conditions  were  not  found. 


:,  Section  op  material  of  Fia.  23,  etcred  with  2  per  cent,  coppeb- 


:  STRDCTORE  AND  SHaiNKACE 

cracks;   naturax,  size,     b 

1.      SaMB      MATERIA 

L,       X    15. 

Interior   cracks,    vnaca 

ITN  IN  Fl<J.   23,  oc< 

WEEN  THE  DENDRITES  WHBSE 

THE  SLAO  INCLUSIONS  ARE  L 

OCALIZBD. 

Particularly  was  this  true  of  many  of  the  nickel-chromium  steels  ex- 
amined. Hence  no  general  statement  can  be  made  that  the  presence  of 
such  inclusions  is  a  necessary  condition  for  the  formation  of  flakes. 
This  condition,  however,  if  it  existed  would  aid  very  materially  in  their 
formation. 

In  Fig.  23  is  shown  the  appearance  of  a  specimen  taken  from  the  in- 
terior of  an  ingot  of  defective  chrome-nickel  steel  of  the  composition, 
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carbon  0.40,  chromium  0.35,  nickel  2.75.  The  condition  revealed  in 
the  fracture  without  doubt  represents  the  initial  or  ingot  condition  of 
the  defect,  which  later  in  the  history  of  this  piece  would  be  designated  as 
flakes.  The  dull  smooth  coarsely  crystalline  Bpota  in  the  fractures  have 
the  appearance  of  metal  that  has  failed  to  unite  to  the  adjacent  metal. 
A  section  through  the  specimen  is  shown  in  Fig.  24;  the  coarse  dendritic 
structure  characteristic  of  the  cast  metal  is  clearly  shown,  also  some  in- 
terior crevices  continuous  with  the  smooth  surface  areas  of  the  fracture. 
These  cracks  occur  between  the  fingers  of  the  dendrites,  which  is  the  por- 
tion of  the  metal  that  is  the  last  to  solidify  and  contains  most  of  the 
inclusions  (Fig.  24b)  and  hence  is  the  weakest  part  of  the  steel.    The 


cracks  have  the  same  appearance  as  the  shrinkage  cracks  often  found  in 
defective  castings  of  bronze  and  brass.  Such  shrinkage  cracks  invari- 
ably form  in  the  crevices  between  the  branches  of  the  dendrites  and  so  far 
as  can  be  judged  from  their  microscopic  appearance  these  ingot  cracks 
in  steel  should  be  considered  as  of  similar  origin.  Fig.  26  shows  how  these 
shrinkage  cracks  often  pass  through  slag  globules  of  considerable  size; 
such  globules,  upon  forging  the  metal  into  shape,  may  result  in  the  thin 
films  shown  in  Figs.  16  and  17.  Fig.  25  illustrates  the  iutercrystalline 
nature  of  these  ingot  cracks. 

Another  type  of  defect  in  steel,  very  closely  related  to  fiakes,  is  the 
so-called  "silver  streaks;"  Fig.  27  illustrates  the  appearance  of  these  in 
a  chrome-nickel  steel.    Each  white  elongated  patch  shows  in  its  center  a 
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tiny  thread  of  greenish  slag  and  the  surrounding  metal  has  the  appear- 
ance, as  in  a  true  Hake,  of  never  having  heen  in  direct  union  with  the  op- 
posing metal.  Other  spots,  lai^er  than  the  silver  streaJcs  shown,  contain- 
ing rather  prominent  slag  plates  have  often  been  noted  in  the  faces  of 
fractures  of  steel.  The  metal  underlying  and  surrounding  such  slag 
plates  has  the  bright  clean  silvery  appearance  found  in  the  Bakes.  Such 
spots  are  usually  designated  as  crystalline  breaks  due  to  the  presence  of 
slag.  It  appears  very  probable  that  such  defects  are  due  entirely  to 
rolled  out  slag  plates  and  that  the  presence  of  initial  shrinkage  crevices 
or  ingot  cracks  is  not  necessary  for  their  formation.  Defects  of  this 
type  are  usually  revealed  in  steel  that  is  tested  transversely;  that  is,  the 


Fia.  26. — Same  material  as  Fig.  23.    Slag  OLOBUbE  lying  in  connsK    or 


specimen  is  taken  so  that  its  axis  is  perpendicular  to  the  fibers,  due  to 
foiling,  instead  of  parallel  as  is  the  usual  case.  Flakes,  however, 
are  found  in  both  transverse  and  longitudinal  sections;  in  chrome-nickel 
steel,  in  particular,  they  are  found  to  extend  in  all  directions  in  the  ingot. 
In  the  plain  nickel  steels  they  are  usually  more  symmetrically  arranged. 
On  the  whole,  the  microscopic  appearance  of  flaky  steel  leads  to  the 
following  conclusions  regarding  the  nature  and  origin  of  flakes.  They 
originate  in  the  ingot,  in  which  state  they  have  the  appearance  of  inter- 
crystalline  shrinkage  cracks.  They  occur  in  the  cast  metal  along  with  the 
slag  inclusions  in  the  angles  between  the  branches  of  the  tree-like  den- 
dritic crystals.  They  persist  throughout  the  history  of  the  forgii^  into 
the  finished  form  as  discontinuities  in  the  metal,  often  associated  with  slag 
films,  which  have  resulted  from  the  working  down  of  the  slag  inclusions 
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ivith  which  theyare  associated  from  the  beginning.  The  coarsely  crystal- 
line appearance  of  the  flake  is  a  surface  configuration  only  and  is  a  record 
of  the  crystalhne  condition,  that  ia,  the  dendrites,  existing  in  the  steel  at 


Fig.  27. — Fracture   or  cbhoue-sickei.  bteel  poroinq  showing  defect  of 
BX,AQ.     Natvbal  size. 

the  time  the  discontinuity  originated.  Though  they  are  usually  associ- 
ated with  dirty  ateel,  the  converse  is  not  trae;  the  fact  that  steel  is  dirty 
or  badly  contaminated  with  slag  inclusions  is  not  a  sure  criterion  for  con- 
demning the  metal  as  defective  because  of  flakes. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  penion  at  the 
New  York  meeting,  February,  1910,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  diseossion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  20  West 
^th  Street,  New  York,  M.  x .,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1919.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Flaky  and  Woody  Fractures  in  Nickel-steel  Gun  Forgings 

BY   CHARLES  Y.  CLAYTON,*  M£T.  E.,  ROLLA,  MO.,  FRANCIS  B.  FOLEY, f  PITTSBURGH,  PA., 

AND  FRANCIS  B.    LANEY,  t  PH.   D.,   WASHINGTON,   D.    C. 
(New  York  Meeting.  February,  1919) 

In  connection  with  certain  cooperative  work  carried  on  between  the 
Ordnance  Department  of  the  U.  S.  Army,  the  U.  S.  Bureau  of  Mines, 
and  the  U.  S.  Geological  Survey  during  the  year  1918,  it  was  the  writers' 
privilege  to  make  metallographic  examinations  of  a  great  many  test  bars 
and  other  pieces  of  nickel-steel  gun  forgings.  The  material  studied 
came  from  many  different  steel  plants  throughout  the  country  and  con- 
sisted both  of  forgings  that  had  been  accepted  by  the  Ordnance  Depart- 
ment and  those  that  had  failed  to  pass  the  specified  physical  tests.  In 
general,  these  tests  require  a  minimum  tensile  strength  of  95,000  lb. 
(42,091  kg.),  an  elastic  Hmit  of  65,000  lb.  (29,483  kg.),  an  18  per  cent, 
elongation,  and  a  30  per  cent,  reduction  in  area.  An  average  chemical 
composition  of  the  steel  studied  is  0.38  per  cent,  carbon  and  2.9  per  cent. 
nickel.  The  steel  was  of  both  basic  electric  and  basic  open-hearth  manu- 
facture. The  object  of  the  metallographic  work  was  two-fold:  to  assist 
in  detecting  defects  in  the  steel  and,  if  possible,  to  suggest  remedies  for 
the  same;  and  to  obtain  as  much  information  as  possible  in  regard  to  the 
relation  of  the  microstructure  of  the  metal  to  its  physical  properties. 
The  greater  part  of  the  investigation  was  devoted  to  defective  metal  that 
failed  to  pass  the  ordnance  specifications.  Many  types  and  kinds  of 
ntiore  or  less  serious  defects  thus  came  under  observation,  but  most  of 
these  were  due  to  the  attempts  by  the  manufacturer  to  meet  the  enormous 
demand  for  ordnance  steel  with  more  or  less  inadequate  equipment,  and 
^irere  soon  remedied. 

Two  defects,  the  so-called  "flakes"  or  "snowflakes"  and  a  certain 
'*  fibrous"  or  "woody"  fracture,  were  encountered  so  frequently  and  were 
so  disastrous  to  the  steel  that  the  greater  part  of  the  study  was  devoted 
to  them.    As  a  result  much  information  as  to  their  nature  and  their  effects 
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upon  the  steel  and  something  in  regard  to  some  of  the  conditions  that 
favor  their  development  has  been  obtained.  The  purpose  of  the  present 
paper  is  to  present  a  brief  description  of  these  defects,  with  the  thought 
that  this  information  will  produce  a  discussion  that  may  result  in  the 
solution  of  a  very  troublesome  and,  in  some  instances,  a  very  serious  prob- 
lem in  the  manufacture  of  large  nickel-steel  forgings.  The  writers 
request  the  fullest  and  most  unreserved  criticism  of  any  part  of  the  paper. 

Location  of  Defects 

Both  woody,  or  fibrous,  texture  and  flakes  appear  most  prominently 
in  the  steel  when  it  is  broken  in  a  direction  transverse  to  that  of  elongation 
iii  forging.  Either  defect  when  present  is  shown  to  good  advantage  in 
any  transverse  fracture  of  the  metal,  whether  pulled  test  bars  or  nicked 
and  broken,  or  split,  blocks. 

Woody  Fracture 

Woody  fracture  is  a  term  used  by  ordnance  inspectors  to  describe 
the  fracture  of  a  pulled  test  bar  that  has  a  fibrous  appearance  and  to  a 
certain  extent  resembles  the  fracture  of  a  piece  of  wood,  such  a  fracture 
is  shown  in  Figs.  13  and  15.  In  some  instances,  this  type  of  fracture  has 
a  decided  "platy"  appearance  and  occasionally  careful  examination  will 
reveal  more  or  less  foreign  matter,  largely  slag,  between  the  plates  or 
fibers  in  the  fracture.  The  foreign  matter  is  by  no  means  present  in  all, 
nor  even  in  the  majority  of  such  fractures.  In  fact,  it  was  only  in  the 
beginning  of  the  greatly  increased  demand  for  ordnance  steel  due  to  the 
war,  when  the  manufacturers  were  making  such  great  efforts  to  supply 
ordnance  material  with  more  or  less  inadequate  equipment,  that  slag  and 
other  foreign  matter  were  present  in  sufficient  amount  to  cause  trouble. 
This  was  soon  remedied.  The  woody  fractures  in  many  cases  still 
remained  even  in  steel  that  leaves  little  to  be  desired  as  to  freedom  from 
sulfide,  slag,  and  similar  impurities,  showing  clearly  that  such  fractures 
are  due  to  a  condition  of  the  steel  itself  and  not  to  foreign  inclusions. 

Two  features  that  appear  to  be  characteristic  of  both  the  woody  and 
the  flaky  steel  are  brought  out  when  polished  surfaces  of  the  metal  are 
etched  for  either  macroscopic  or  microscopic  study.  Copper-bearing 
etch  mediums,  such  as  Rosenhain  and  Haughton's,  Stead's,  or  Stead-Le 
Chatelier's  reagents,  never  fail  to  reveal  a  decidedly  non-homogeneous 
metal  with  large  and  prominent  but  much  elongated  dendrites.  These 
features  are  illustrated  in  Figs.  27,  28,  and  29.  The  microstructure, 
as  brought  out  by  any  of  the  commonly  used  etch  reagents,  such  as  picric 
acid  or  amylic  nitrate,  closely  resembles  that  of  flaky  steel  and  will  be 
described  in  the  paragraph  devoted  to  that  subject. 
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Fig.  1. — FcLL  ccp  ddll  obat 
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Fig.  3. — Thebe-quartbh  l 
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Fig.  6. — Microstbucthbe  of  bar  20  etched  with  i 
ketwokx  tith  excessive  febrite  precipitation  in  seorbqated  areas.     hloher 

MAGMPICATION   SHOWS  rEaftTTE   AREAS  TO  C 
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Fio.  7, — Fractcee  op  bar  36.     Silkt  and  laminated  with  about  50  per  csni. 


Fig.  8. — MiCBOBTRUCTURE  OP  BAR  36  etched  with  picric  acid.     Ck>AaflESW 

WOBK  OP  NEED1£-UKE  FERRITB  AND  80HB1TB.      AREAS  CONTAININQ  CAKBON  8H0W»  ; 
TO  BE   IN   aOUE   INSTANCES   BORBITIC   AND   IN    OTHERS  APPBOACHINO   TRUE    PEABUIKV 
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Fig.  9.— Fhactore  c 


Fig.  IO- — Michostbdctithe  or  bar  1 

KETWOBK    or    NEEDLE-LIKE    FERRITE    A 
TKKTED    TO     LAMINATED    PEARUTE. 

X260. 
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Fia.  11. — FRACnmE  o 


FlO.    12. MlCROBTBUCrURE    OP    BAB    032    ETCHED    WITH    PICRtC    ACID.      SOBBHtC  j 

AND  8EEUINOLT  GBAIN-BBFINED  WITH  FEBBITE  RODOHLY  OUTLININQ  A  PBWlOn 
CO ABSE  NETWORK.  X  260.  ThIB  BAR  WAS  HEATED  7  HR.  AT  1600°  AND  COOLED  IK  HH, 
BEATBD  5  BR.  AT  1375°  AND  COOLED  IN  FCRNACE,  HEATED  4  HR.  AT  1476'  AND  <JTTBNCH» 
IN  OIL,  DRAWN  FOR  4  HR.  AT  1155°,  REHEATED  4  HR.  AT  1475°  AND  QUENCHED  IN  WinA 
DRAWN  FOR  4  HR.  AT  1165°  AND  COOLED  IN  FURNACE. 
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Ficu  13. — Fbactcrb  of  bar  39.    Laiunated  orI  wooor  with  blaq,     X  3H< 
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Fro,  15— FbactdreopbahS  lauinatgdor  woody  witrstreaksandsi 


FlO.    16. MlCROSTRUCTTUHB    OF   BAR    8    ETCHED    WITH    PICRIC    ACID.       SEI 

OBAIN-REFINED    SORBITE,  BUT    CLOSE  EXAMINATION  BHOWS  DARK  FCZEV  UKEG 
njQ  THIN  FEHHITE  STREAKS  AND  R07GHLT  ODTUNINO  A  PREVIOUS  NETWORK, 
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Fio.  17.— Fracture  op  bar  18  one-half  up.     40  per  cent,  mnb  crtstallinb 


FlO.  18.— MiCBOBTBDCTDBE  Or  BAR  18  ETCHED  WITH  PICRIC  ACID.  ExCBEDINaLT 
COUBE  NETWORK  OF  SORBITE  AND  NEEDLE-LtKB  FERMTE.  CoARBEST  NETWORK 
BHmiTED  BT  AUX  SPECIMEN  OP  HEAT^RBATED  NICKEL-STEEL  FORQINQS  EXAUINED  Uf 
THM  LABORATORT.        X  260. 


214       FLA.KT  AND  WOORY  FRACTURES  IN  NICKGL-STEEI.  GUN  FOHOINQS 


Fio.  20. — MicROBTRTTcrrRB  or  bar.     Sbeuinqlt  qrain-befinkd,  bct  previous 

CXlAftSE    KETWORK    IS    RODOHLT    OUTUNED    BT    FERRITE    AND    A    CONSTITUEHT   1FEICX 

ETCHES  DARKER  THAN  SORBITE.     Compare  with  Fios.  12  and  16. 
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1351  DNTREATBD, 


Fio.  23. — TEsnvBAR  fbactures  f 
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Same  foboinq  as  Fig.  23  after  two 


K  AN  ANHUL, 


Fia,  27. — Dendritic   strdctcre.    Spec.   948C   i 
ANNEALED,  QUENCHED  AND  DRAWN.     Etched  « 
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Fro.  29. — Dbndeitic 

SPSaHEN      FROM 

X2«. 


Fio.    30. — CiioBa-sBCTioN  of  bcrew  end  of  test  bar  from  foroino  1361,  taken 

ODT  or  BKEECH  AND  OF  FOBGINO,  ITNTREATED.       PlCRIC  ACID  ETCH.       X  6-       PHYSICAL 

PioFEBTiEs:  T.&  90500;  el.  S5000;  ext.  5.0  FEB  cent.;  comt.  3.9  per  cent. 
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Flakes  and  Flaky  Fracture 

It  is  believed  that  the  terms  flake  and  snowflake  were  first  used 
by  ordnance  inspectors  to  designate  the  peculiar  bright  crystalline  to 
granular  silvery  spots  found  in  the  fractured  ends  of  pulled  test  bars 
from  cannon  forgings  containing  the  type  of  defect  now  under  considera- 
tion. The  term  flake  has  been  rather  loosely  used  and  has  been  apphed 
to  any  bright  spots  or  areas  in  the  fracture  of  broken  test  pieces.  While 
possibly  not  the  most  desirable  name  for  the  defect,  it  is  at  least  some- 


FiG.  31 —Detail  of  Fio.  36.     Picbic  acid  etch.     X  90. 

what  descriptive  of  the  phenomenon,  is  widely  used,  and  appears  to  have 
become  a  fixture  in  metaliographic  nomenclature.  The  writers  are 
therefore  accepting  it  but  are  attempting  to  describe  the  defect  to  which 
it  has  most  consistently  been  apphed  as  clearly  as  possible  so  that  it  will 
be  limited  to  this  one  type  of  defect. 

To  the  unaided  eye,  a  flaky  fracture  is  any  type  of  fracture  in  which 
occur  bright,  silvery  spots  or  areas.  These  spots  vary  usually  from 
Me  **•  J^  "I-  (1-5  to  12.7  mm.)  in  longest  diameter  and  are  surrounded  by 
the  usual  gray  to  smoke-colored  metal,  which  may  be  woody,  silky,  or 
granular,  the  silvery  spots  being  the  flakes,  or  snowflakes.  A  closer 
examination  with  a  hand  lens,  or  better  with  a  binocular  microscope, 
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reliable  qualitative  and  mierochemical  work  has  been  done,  all  of  which 
indicates  that  the  flake  areas  are  higher  in  phosphorus  and  carbon  than 
the  normal  metal.  In  etching  flaky  steel  for  macroscopic  examination, 
it  was  noted,  as  is  illustrated  in  Figs.  46  and  47,  that  the  flake  areas  were 
attacked  more  readily  than  the  normal  steel  and  if  the  sample  were  per- 
mitted to  remain  long  in  the  acid  the  flake  area  was  eaten  out  and 
resembled  a  minute  crack.  Also,  when  a  carefully  polished  surface  of  flaky 
steel  was  etched  with  any  of  the  copper-bearing  etch  mediums,  the  results 
invariably  indicated  that  the  flake  areas  differed  in  composition  or  con- 
dition from  the  rest  of  the  metal. 


Effect  of  Flakes 

The  physical  properties  determined  upon  the  bars  coming  to  the 
writers'  attention  are  elastic  limit,  tensile  strength,  elongation,  and 
reduction  in  area.  In  appl3ring  the  load  on  a  tensile  machine,  an  in- 
teresting phenomenon  was  observed.  As  shown  in  Fig.  19,  throughout 
the  bar  small  cracks  developed  at  right  angles  to  the  direction  of  stress; 
these  cracks  are  without  doubt  flake  areas.  It  is  perhaps  this  phenome- 
non that  has  led  some  investigators  to  conclude  that  flakes  are  incipient 
cracks. 

The  most  characteristic  effects  of  flakes,  as  found  in  these  bars,  is  the 
loss  of  ductility  and  corresponding  decrease  in  reduction  of  area;  the 
tensile  strength  and  elastic  limit  are  reduced  but  not  so  marked  as  these 
other  properties.  This  is  best  shown  by  reference  to  bars  36,  38,  and 
032,  which  gave  an  elongation  of  3.6,  6.8,  and  0.0  per  cent,  and  a  reduction  * 
in  area  of  2.0,  4.5  and  0.0  per  cent,  (see  Table  1).  The  corresponding 
tensile  strengths  are  62,900,  108,100  and  47,000  lb.  (28,531,  49,033  and 
21,318  kg.),  respectively.  The  decrease  in  physical  properties  may  or 
may  not  be  dependent  on  the  size  of  flakes.     Generally  speaking,  the 

Table  1. — Chemical  and  Physical  Properties  of  Test  Bars 


Type  of 
Fracture 

Chemical  Analyses 

Elastio 
Limit. 
Pounds 

Per 
Sq.  In. 

Physical  Properties 

1 

No. 

c. 

Per 
Cent. 

Mn, 

Per 

Cent. 

Per 
Cent. 

Per 
Cent. 

Cent. 

Per 
Cent. 

Reduc- 
tion in 

Area. 
Per 

Cent. 

1 
16      Cup 

0.39 

0.66 

1             1 
0.25  ,  0.025    0.020 

2.90 

73,900 

97,200 

29.5 

64.7 

7      Star 

0.41 

0.79 

,  0.29  j  0.011    0.020 

2.87 

78.700 

108,600 

24.5 

63.5 

8       Woody 

0.42 

0.60 

,  0.122;  0.019    0.019!  3.14 

72,800 

87,000 

5.5 

17.7 

18      Woody 

0.41 

0.66 

0.25  ,  0.015*  0.0201  2.98 

66,700 

115.900 

19.5 

39.5 

20      Woody 

0.10 

0.55 

0.15  ^  0.0211  0.025    2.85 

62,900 

97,300 

7.0 

7.8 

36      Flake 

0.44 

0.66 

1  0.34  '  0.021    0.020    3.29 

61,900 

62.900 

2.0 

3.6 

38       Flake 

0.37 

0.59 

0.19  '  0.019    0.020,  3.09 

73.400 

108.100 

4.5 

6.8 

032       Flaka 

0.38 

0.69 

0.24  I  0,033'  0.043;  3.24 

47,000 

47,000 

0.0 

0.0 

39      Slac 

0.41 

0.66 

'  0.23  '  0.040    0.036 

I 

3.27 

77,000 

106,600 

9.0 

11.8 
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smaller  the  flakes  the  better  the  steel  but  this  is  not  always  true,  Dor 
can  it  be  said  that  these  properties  and  the  size  of  flakes  are  always 
definitely  related.  This  is  best  shown  by  comparing  bars  032  and  36 
(Figs.  11  and  7).  These  bars  show  practically  the  same  area  of  flake  in 
the  fracture,  about  50  per  cent.,  yet  bar  032  shows  a  tensile  strength  of 
only  47,000  lb.  while  bar  36  shows  a  strength  of  62,900  lb.  The  nature 
of  the  surface  of  the  flake,  that  is,  whether  fine  or  coarse  grained,  may 
affect  the  physical  properties  and  may  explain  the  difference  in  properties 
in  bar  032,  which  is  very  coarse  grained,  and  bar  36,  which  is  finer  grained. 


Fio.  36. — Csosa-sEcTioN  op  bckew  and  or  test  bab  rnou  ronotsa  1348  rv>ii 
muezle  end  op  foroino  ttntrbatbd.  picric  acid  etch.  x  6.  physical  propek- 
tiE8:t,s.  92000;  e.l.  55000;  ext.  11  percent,;  cont.  13.3  per  cent. 

Suggested  Causes  of  Flakes 

The  following  suggestions  have  come  to  the  attention  of  the  writers 
as  possible  causes  of  flakes: 

1.  Foreign  inclusions.  Microexamination  of  a  number  of  defective 
bars  has  failed  to  tie  up  in  a  conclusive  manner  foreign  inclusions  with 
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flaking.     In  fact,  many  such  bars  have  been  found  that  show  the  steel 
to  be  exceptionaUy  clean  in  this  respect. 

2.  Gaseous  inclusions  and  cavities.  Little  investigation  has  been 
done  along  this  line,  but  here  again  there  has  been  little  microscopic 
evidence  that  would  warrant  extensive  research  in  this  direction. 

3.  Scale  and  consequent  local  decarburization.  It  has  been  suggested 
that  in  rapid  pouring  the  oxide  film  that  forms  on  top  of  the  metal  may 
be  churned  in  and  entrapped  in  the  metal  on  freezing.     One  would  expect 


Fio.  37.— Detaii,  or  Fio.  42,     Picric  acid  etch.     X  90. 

in  this  event  to  find  oxide  inclusions  but  the  writers  have  not  found  this 
to  be  so  in  even  a  majority  of  cases,  and  while  in  some  instances  oxides 
have  been  found  they  have  not  appeared  in  sufficient  quantity  to  set  this 
down  as  a  primary  cause  of  flaking. 

4.  Segregation  of  non-ferrous  elements.  The  writers'  experience  in 
this  matter  is  covered  in  the  part  of  this  paper  dealing  with  the  chemical 
composition  of  flakes. 

5.  Overheating  and  con-uniformity  of  heat  of  ingot  preparatory  to 
foi^ng.  This  seems  to  the  writers  to  be  on  fairly  firm  ground  and  is 
(Uscusaed  at  greater  length  elsewhere  in  this  paper. 
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6.  Shape  of  ingot  and  method  of  foiling.  In  many  cases  equare 
ingots  foiled  on  a  flat  die  have  been  used.  A  change  to  octagon-shaped 
molds  and  forging  in  a  V-ahaped  die  decreased  rejections  to  some  extent; 
but  as  far  as  the  writers'  information  goes,  this  change  has  not  resulted 
in  completely  doing  away  with  flaking. 

7.  Differential  expansion  of  areas  in  heterogeneous  metal.  The 
suggestion  is  made  that,  where  there  are  areas  with  varying  coefBdents 
of  expansion,  due  to  the  more  rapid  expansion  and  contraction  of  certain 


Fio.  38. — Detail  OF  Fio.  42.     Picric  acid  etch.     X  90.. 

parts  in  heating  and  cooling,  lines  of  weakness  or  even  ruptures  may  be 
set  up  in  the  mass  which  upon  being  stressed  break  readily  with  low 
ductility. 

Cause  of  Woody  Fracture 
Practically  all  suggestions  as  to  the  caase  of  woody  fracture  emanate 
from  the  same  line  of  thought,  that  they  are  caused  by  the  condition  of 
the  steel  with  respect  to  the  original  dendritic  structure  (Fig.  27)  d 
the  ingot;  this  appears  quite  a  plausible  theory.  The  theory  has  been 
advanced  that  slow  cooling  through  the  solidiflcation  zone  will  lead  to 
large  dendrites  that,  upon  being  drawn  out  at  the  forge,  form  long  plates. 
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Rapid  cooling  through  the  soHdification  zone  has  been  suggested  as  a 
remedy  but  the  rapidity  of  the  cooling  must  be  governed  by  the 
chances  of  setting  up  bad  secondary  shrinkage  in  the  ingot. 

It  is  probable  that  laminated  or  woody  fiber  is  produced,  in  a  great 
measure,  by  the  working  of  the  original  dendrites  (Fig.  29)  in  parallel 
longitudinal  lines  by  forging.     The  greater  the  amount  of  work  applied. 


FlQ.    39. CitOaS-SECTION  OP  aCREW  END  OF  TEST  BAR  FROM  FOROINO  1348  FROM 

IKEECB  END  OF  FOROINO    CNTBEATBO.       PiCRIC  ACID  ETCH.      X  6.       PHTSICAL  PROPER- 

TIB81  T.B.  90000;  E.I-  50000;  bxt.  8  per  cent.;  cont.  9.6  per  cent, 

the  longer  and  thinner  these  lines  become;  here  may  be  found  the  cause 
of  tiie  exceptionally  low  transverse  ductility  in  bars  that  show  a  decidedly 
laminated  or  woody  structure  in  which  fibers  can  be  seen  very  plainly 
in  the  macrostructure  (Fig.  29).  Charpy*  has  shown  the  bad  effect  of 
hot  working  on  the  transverse  ductility  of  steel  and  Portevin  and  Bernard* 

'  G.  Charpy:  Influence  of  Hot  Deformation  on  the  Qualities  of  Steel.  Engng. 
[London)  (Sept.  20,  1918)  106,  310, 

'  A  Portevin  et  V.  Bernard:  La  Macroatructure  de  L'Acier.  Rev.  de  MH.  (1918) 
IS,  273-280. 


228        FLAKY  AND  WOODY  FRACTURES  IN  NICKEL-«TEEL  GUN  FORGtNGB 

were  able  to  efface  the  remains  of  original  dendritic  structure  only  by 
annealing  for  6  days  at  850°  C.  (1562°  F.)  to  900°  C.  (1652°  F.). 

The  persistence  of  dendritic  structure  after  fairly  severe  treatment 
may  be  seen  in  Fig.  28.  In  this  connection  it  may  be  said  that  anything 
which  leads  toward  the  production  of  a  coarse  fiber  is  undesirable.  A 
basic  steel,  generally  speaking,  will  fiber  more  readily  than  an  add  steel 
and  for  this  reason  basic  steel  is  desirable  for  armor  where  a  fibrous  back 
is  essential.  In  the  manufacture  of  nickel-steel  gun  forgings,  where  a 
coarse  fiber  is  not  desirable,  acid  steel  has  been  most  successfully  lued. 


Fio.  40 — Detail  op  Fig.  45.     Picnic  acid  etch.     X  90. 

Hot  working  will  deform  dendrites  and  tend  to  form  them  into  parallel 
bands,  therefore,  where  transverse  strains  are  to  be  withstood,  hot  work- 
ing should  be  carried  on  only  to  the  point  that  experience  will  dictate. 
This  would  suggest  the  use  of  longer  ingots  of  smaller  cross-section. 
But  with  ordinary  plant  practice  it  does  not  appear  certain  that  such  a 
change  would  not  be  jumping  from  the  frying  pan  into  the  fire.  Forging 
seems  to  be  carried  out,  in  a  great  many  instances,  at  excessive  tempera- 
ture, resulting  in  finishing  at  too  high  a  heat,  so  that  with  less  work,  due 
to  the  reduced  size  of  the  ingot,  the  dangers  arising  from  high  finishing 
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temperatures  would  be  even  greater  and  result  in  worse  condition  than 
could  be  brought  about  by  an  excessive  deformation  of  dendrites. 

Figs.  30  to  32  and  36  to  41  show  the  effect  of  overheating  and  high 
finishing  teuiperature.  Figs.  33  to  35  show  what  may  be  expected  from  a 
lower  forging  temperature  and  consequently  lower  finishing  temperature. 
The  absence  of  Widmannstattian  structure  in  the  high-power  photo- 
micrographs (Figs.  34  and  35)  is  noteworthy  as  compared  with  Figs. 
31,  32,  37,  38,  40,  and  41.     This  evidence  of  overheating  is  apparent 


Fig.  41. — Detail  op  Fic  45.     Picric  acid  etch.     X  90. 

even  after  fairly  prolonged  heat  treatment  and  is  prevalent  in  the  sorbite 
of  bars  that  show  flakes.  Forging  can  be  done  at  much  lower  temperatures 
and,  where  the  reduction  at  the  hammer  is  slight,  there  is  no  reason  why 
the  forging  temperature  cannot  be  kept  as  low  as  1038°  C.  (1900°  F.). 
It  is  possible  that  the  defects  which  have  caused  a  great  number  of 
fot^nga  to  fail  to  meet  specifications  might  be  traced  to  overheating 
in  forging,  temperatures  in  excess  of  1371°  C.  (2500°  F.)  having  been  meas- 
ured in  furnaces  in  which  ingots  had  been  for  as  long  as  8  hr.  In  this 
particular  case,  the  bottom  end  of  the  ingot  was  in  the  hottest  zone  and 
records  of  the  plant  show  70  per  cent,  defective  bars  from  this  end  of  the 
forging  compared  with  46  per  cent,  in  the  other  end  of  the  forging,  which 
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came  from  about  half  way  up  in  the  ingot.  That  these  defects  result 
from  incipient  fusion  is  a  reasonable  supposition.  By  reference  to  the 
carbon-iron  diagram,  the  solidus  at  0.40°  C.  {the  steel  in  qucition  was 
about  0.38  per  cent,  carbon  and  3  per  cent,  nickel)  is  found  to  be  not 
greater  than  1340°  C.  (2444"  F.),  or  30°  C.  lower  than  the  temperature 
observed  above.  Little  has  been  done  with  the  iron-nickel  equilibrium 
diagram,  but  it  is  understood  that  nickel  lowem  the  solidus  line;  there- 
fore, more  care  must  be  taken  with  respect  to  the  forging  temperature  of 


Fig,  42, — For  debcription,  see  Fig,  45. 

nickel  steel,  and  successful  forging  of  carbon  steel  does  not  imply  that 
good  foi^ngs  will  follow  the  same  practice  with  nickel  steel.  Once  the 
steel  has  been  heated  above  its  solidus,  small  spots  of  fused  metal  will  be 
formed  throughout  the  steel  where  the  concentration  of  carbon  is  greatest. 
At  these  points  the  original  dendrites  are  at  least  partly  destroyed  and, 
upon  forging,  are  drawn  out  between  the  adjacent  dendrites,  where  they 
exist  as  burnt  steel,  forming  lines  of  weakness  and  low  ductility.  That 
the  damage  which  causes  flakes  is  done  after  the  ingot  has  been  poured 
is  indicated  strongly  by  an  experiment  in  which  two  ingots  were  cast 
from  the  bottom  through  a  common  runner;  one  ingot  made  a  flaky 
forging  and  there  was  no  trouble  from  this  source  in  the  other. 


C.    Y.    CLATTON,    F.    B.    FOLBV    AND    F,   B.    LANET  231 

It  must  be  remembered  that,  in  cooling  from  the  molten  state  through 
the  At  transformations,  a  very  large  grain  size  is  set  up  with  thick  ferrit« 
envelopes.  No  one  would  expect  to  obtain  physical  properties  nor  any 
fair  degree  of  grain  refinement  to  result  from  the  heat-treating  of  ingot 
steel  as  cast.  The  structure  does  not  respond,  owing  to  the  difficulty  of 
getting  the  ferrite  into  solution.  Very  likely,  in  this  case,  the  austenite 
IB  quite  heterogeneous  due  to  the  slow  diffusion  of  the  ferrite  from  the 
thick  boundaries  of  the  original  grains  into  the  austenite  grains  formed 
in  the  pearhte,  resulting  in  the  grains  that  formed  close  to  the  ferrite 


Fig.  43. — For  debcriptiom,  see  Fiq,  45. 

envelope  of  the  original  grain  being  higher  in  iron  content.  This  is  the 
condition  of  the  austenite  that  may  exist  upon  reheating  ingots  for 
forging.  In  the  case  of  a  steel  containing  0.38  per  cent,  carbon  heating 
from  below  Ar,  the  first  transformation  will  be  that  of  the  pearlite  to 
austenite  at  Aci,  followed  by  the  absorption  of  the  a  iron  envelope  until 
at  Aci.i  the  envelope  has  disappeared.  It  does  not  necessarily  follow, 
however,  that  austenite  immediately  below  Acj.i  with  its  dissolved  a 
iron  is  homeogeneous.  In  reheating  steel  of  ingot  structure,  it  is  likely 
that  the  pro-eutectoid  iron  has  not  been  able  to  penetrate  to  the  grains  of 
austenite  formed  at  the  interior  of  each  of  the  grains  that  existed  below 
Aci,  BO  that  there  is  still  an  envelope  of  iron-rich  metal;  nor  will  this 
heterogeneity  end  at  Acj.i  with  the  transformation  of  the  a  iron  into  y 
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when  it  enters  the  solid  solution.  Diffusion  goes  on  in  the  auatenite, 
but  probably  becomes  complete  only  after  a  considerable  length  of  time 
and,  if  the  heating  is  carried  to  the  solidus,  there  may  still  exist  at  that 
temperature  spots  of  high  carbon  concentration  in  the  center  of  what  were 
the  old  grains  of  pearlite,  these  spots  now  existing  as  high-carbon  austenite 
grains.  These  are  the  grains  in  which  fusion  will  start  and  they  will 
very  likely  be  the  austenite  existing  in  the  center  of  what  were  the  largest 
of  the  original  pearlite  grains.  As  the  temperature  rises  above  the  solidus, 
here  and  there  throughout  the  steel  there  will  be  molten  spots,  their  sJie 


Fio.  44.— Fob  description,  bee  Fig.  45. 

depending  on  the  temperature  attained,  surrounded  by  badly  overheated 
metal,  which  upon  forging  will  be  drawn  out  flat.  The  foiling  may  re- 
claim considerable  of  the  overheated  metal  but  the  fused  part  will  persist 
as  films,  having  been  the  most  plastic  during  the  forging.  Upon  sorfo- 
itizing  a  steel  in  this  condition,  the  part  that  has  not  been  molten  during 
the  forging  will  have  responded  to  treatment,  whereas  the  films  where 
the  molten  globules  have  been  forged  out  have  been  only  slightly  affected, 
if  at  all.  In  a  transverse  test  these  two  conditions  will  be  apparent  in  i 
ductile,  gray,  fibrous  fracture  in  which  will  appear  a  bright  silvery  area 
of  low  ductility,  known  as  a  flake.     This  bright  area  may  consist  of  metal 
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Fio.  45. 

Fios.  42  TO  45. — Coarse  network  of  needle-like  fbrrite  a.._  

Ttpical  btbdcturb  of  some  foroinob  after  imfrofer    beat  trbatuent.     Lack 

OF  uniformity   in  BTRDCTDBB  and  the  WiDMANNSTXTTIAN  STRUCTTJBB  NOTEWOBTHr. 


Fio.  46. — Surface  of  flaky  steel  a^'er  macrobcopic 
upousBiNG.  Apparent  cracks  assumed  to  be  flake  areji 
Acm.     X  20. 
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in  various  conditions,  ranging  from  burnt  to  only  slight  overheating. 
Severe  treatment  may  reduce  the  size  of  the  bright  areas  in  so  far  as  it  Is 
able  to  reclaim  that  part  which  has  been  overheated,  but  there  will 


Fig.  48. — Specimen  of  Figs.  46  and  47  after  deeper  qrindino.     Picbic  aqd 
ETCH.      X  100. 

always  remain  a  part  that  has  been  fused,  and  this  may  never  respond. 
The  burning  that  produced  this  condition  need  not,  and  probably  rarely 
does,  become  evident  on  the  surface  of  the  ingot  for  the  reason  that,  in 
most  cases,  heating  is  done  in  an  oxidizing  atmosphere  and  the  surface 
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of  the  ingot  is  decarburized,  thus  giving  a  coating  of  high  melting  point 
metal  to  the  ingot. 

It  will  be  understood,  from  the  foregoing  hypothesis,  that,  in  case  of  a 


ITSELF  IN  THE  FRACTURE  / 


Fio.  50. — Specimen   of  uktal  similar  to  that  in  Figs.  46  to  49, 
mcKOBTKDcrrDRE   associated   with  flakt  fbactdre,  etched  with  piceuc  acid. 
X  100. 

heterogeneous  austenite,  one  is  not  so  much  concerned  with  the  solidua 
of  the  steel  as  a  whole  but  with  the  solidus  corresponding  to  that  of  the 
austenite  of  highest  carbon  content,  which,  in  many  cases,  may  be  of 
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eutectoid  composition.  To  get  away  completely  from  any  possibility 
of  this  condition,  f  orgings  should  not  be  heated  to  a  temperature  exceeding 
1220**  C.  (2228°  F.)  and  if  a  higher  temperature  is  necessary  great  care 
should  be  exercised  to  see  that  the  ingot  is  brought  to  the  temperature 
slowly  and  well  soaked  out  as  the  temperature  rises,  in  order  to  permit  of 
as  much  diffusion  as  possible. 

The  following  attempt  was  made  to  efface  flakes  from  material  known 
to  be  very  bad  in  this  respect.  Disks  15  in.  (38  cm.)  in  diameter  by  1^ 
in.  (3.18  cm.)  thick  with  a  5^8  i^-  (13.7  cm.)  bore  were  obtained  from  each 
of  two  f orgings  that  had  been  condemned  for  excessive  flakiness.  Elach 
disk  was  cut  along  two  diameters,  making  in  all  eight  quadrants.  These 
pieces  were  marked  948-A,  B,  C,  and  D  and  986-A,  B,  C,  and  D,  and  all, 
except  948-C  and  986-D  and  C,  were  treated.  After  treatment  middle 
and  inside  test  bars  were  machined  out  according  to  Ordnance  Depart- 
ment specifications.     The  results  are  given  in  Table  2. 


Table  2. — Results  of  Tests  of  Condemned  Forgings 


Treatment 

Physical  Properties 

Position 
of  Bar 
Tested 

Piece  No. 

Heated  to 
Degrees  C. 

Held  at 
Tempera- 
ture, 
Hours 

Cooled  in 

Tensile 

Strength, 

Pounds 

Elastic 

Limit, 

Pounds 

Elonga- 
tion. Per 
Cent. 

Reduction 

in  Area, 

Per  Cent. 

948~C 

Untreated 

80.530 

54,770 

3.0 

10.0 

Inside 

88.330 

48,100 

4.5 

8.5 

Middle 

048-0 

760 

2 

Water 

93.140 

71.610 

6.5 

17.5 

Inside 

649 

2 

Furnace 

93.760 

78,570 

4.5 

16.5 

Middle 

948- B 

815 

2 

Water 

760 

2 

Water 

96,220 

65,560 

6.5 

13.0 

Inside 

649 

2 

Furnace 

94.870 

65.430 

7.0 

14.0 

Middle 

948-A 

871 
815 

2 
2 

Furnace 
Water 

760 

2 

Water 

102.300 

81.000 

12.5 

27.0 

Inside 

649 

2 

Furnace 

101.550 

73.930 

10.5 

19.0 

Middle 

986-D 

Untreated 

88.000 

53.500 

5.0 

10.0 

Inside 

77,000 

51,000 

5.0 

3.0 

Middle 

986-A 

954 

6 

Air 

760 

4 

Water 

85.640 

54.140 

8.0 

20.5 

Inside 

649 

3 

Furnace 

96,500 

60.000 

12.5 

22.0 

Middle 

986-B 

1024 

871 

2 

2 

Furnace 
Furnace 

760 

2 

Water 

96,500 

78,500 

7.5 

18.1 

Inside 

649 

2 

Furnace 

90,500 

78.500 

5.0 

13.4 

Middle 

Analyses  showed  that  the  disks  marked  948  contained  0.40  per  cent. 
carbon,  0.62  per  cent,  manganese,  0.018  percent,  phosphorus,  0.027 
per  cent,  sulfur,  0.12  per  cent,  silicon,  2.99  per  cent,  nickel,  and  0.14 
per  cent,  chromium.  The  disks  marked  986  contained  0.34  per  cent. 
carbon,  0.55  per  cent,  manganese,  0.028  per  cent,  phosphorus,  0.019 
per  cent,  sulfur,  0.10  per  cent,  silicon,  2.88  per  cent,  nickel,  and  0.16  per 
cent,  chromium.     Pieces  948  showed  a  decided  improvement  in  both 
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physical  properties  and  flaking,  the  three  heatings  through  the  critical 
temperature  giving  the  best  results.  Fig.  23  shows  the  condition  as  to 
flakes  of  disk  948-C;  Fig.  24,  the  condition  of  disk  948-D;  Fig.  25,  the 
condition  of  disk  948-B;  and  Fig.  26,  the  condition  of  disk  948-A.  The 
microstructure  of  948-A  is  shown  in  Fig.  20;  the  dendritic  structure  in 
948-C  is  shown  in  Fig.  27,  and  its  persistence  after  treatment,  in  Fig.  28. 
There  was  no  indication  that  heating  to  a  higher  temperature  and  holding 
for  a  long  time  at  that  temperature  was  of  great  benefit;  this  is  apparent 
from  results  obtained  in  the  case  of  pieces  986.  The  specifications  caUed 
for  a  tensile  strength  of  95,000  lb.,  an  elastic  limit  of  65,000  lb.,  an 
elongation  of  18  per  cent.,  and  a  reduction  of  area  of  30  per  cent. 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  thould  pnf«rmbly  be  pr«Mnted  in  penon  at  the 
New  Teric  meeting,  FebniAiy.  1919.  when  an  abetraot  of  the  paper  will  be  read.  If  this  is  impoaeible. 
tlwn  diMwnon  in  writinc  may  be  lent  to  the  Editor,  Amerioan  Inetitate  of  Mining  Engineen,  29  West 
39th  StneL  New  Yorlc,  N.  Y..  for  presentation  by  the  Seeretary  or  other  repreaentatiYe  of  its  author. 
UnkMSMdal  anangement  is  made*  the  discuanon  of  this  paper  will  dose  Apr.  1, 1919.  Any  discussion 
offend  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Die  Castings  and  Their  Application  to  the  War  Program 

BT  CSARLB8  PACK,*  BEOOKLTN,   N.   T. 
(New  York  Meeting,  Februaiy,  1919) 

Die  castings  may  be  defined  as  metal  castings  made  by  forcing  molten 
metal,  mider  pressure,  into  a  metallic  mold  or  die.  It  is  necessary  to  keep 
this  definition  in  mind  to  avoid  confusing  this  process  with  other  per- 
manent-mold casting  processes.  The  fimdamental  principles  of  the 
process  have  been  known  and  practised  many  years.  The  simplest 
application  is  embodied  in  the  modem  linotype  machine  ih  which  molten 
metal  (usually  tin-lead  alloy)  is  forced  under  pressure  into  a  metallic 
mold.  The  pressure  is  derived  from  a  piston  and  cylinder  immersed  in 
the  molten  metal.  Progress  in  the  art  of  die  casting  may  conveniently 
be  divided  into  three  groups:  Machine  for  imparting  pressure  to  the 
metal,  material  for  the  die  or  mold,  casting  alloys. 

Casting  Machines 

The  problem  of  delivering  molten  metal  under  pressure  into  a  die  is 
comparatively  simple,  when  deaUng  with  low-fusing-point  alloys,  as 
the  alloys  of  lead  and  tin,  but  it  is  much  more  complicated  when  dealing 
with  metals  of  higher  fusing  points,  such  as  the  alloys  of  zinc,  aluminum, 
and  copper.  Although  the  art  of  die  casting  is  comparatively  new  and,  to 
a  large  extent,  unknown,  the  records  of  the  patent  office  are  replete  with 
patents  on  the  subject. 

Fig.  1  shows  the  Underwood  machine  patented  in  1902;  this  is  probably 
one  of  the  first  machines  designed  for  the  production  of  commercial  die 
eastings.  The  relation  of  this  machine  to  the  linotype  casting  machine 
18  clearly  apparent.  A  cylinder  and  piston  are  immersed  in  the  molten 
metal,  the  application  of  power  to  this  piston  forcing  the  molten 
metal,  under  pressure,  into  the  mold  or  die.  The  Doehler  machine. 
Fig.  2,  patented  in  1907,  is  based  on  the  same  general  principles.  This 
machine  is  used  to  a  large  extent  at  the  present  time,  throughout  the 
United  States,  for  the  production  of  zinc,  tin,  and  lead  alloy  die  castings. 

In  the  machine  shown  in  Fig.  3,  patented  by  Doehler  in  1910,  com- 
pressed air  is  used  for  forcing  the  metal  into  the  die.    In  Fig.  4  is  shown 

*  Chief  chemist,  Doehler  Die  Casting  Co. 
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another  of  this  type  of  machine.    Here  compressed  air  is  applied  to  the 
surface  of  the  molten  metal  to  force  it  into  the  die. 

In  a  machine  patented  by  Chandler  in  1914,  shown  in  Fig.  5,  the 
principle  of  the  internal-combustion  engine  is  applied  for  exerting  pressure 
on  the  molten  metal.  A  charge  of  gasoline  vapor  and  air  is  injected  into 
the  melting  chamber,  the  explosion  of  which  forces  the  metal  into  the  die. 
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FiQ.  1. — Undbrwood  die-casting  machinb. 

The  writer  has  never  heard  of  this  machine  being  used  on  a  commercial 
basis,  but  it  is  mentioned  to  show  the  various  means  suggested  for  forcing 
molten  metal  into  a  die. 


Methods  Used  to  Avoid  Blow-holes 

The  fact  that  die  castings  are  made  under  pressure  would  suggest, 
on  first  thought,  dense  and  homogeneous  castings;  this  impression,  how- 
ever, is  not  in  accord  with  actual  practice.  On  fracture,  the  pressure  die 
casting  will  be  found  to  consist  of  a  dense  closely  grained  outer  stratum 
and  a  porous  inner  stratum.  Blow-holes  of  varying  size  may  be  expected 
in  the  center  of  the  die  casting,  particularly  through  heavy  sections. 
Many  machines  have  been  designed  with  the  primary  object  of  over- 
coming this  difficulty  and  producing  solid  die  castings. 

Fig.  6  shows  an  air-operated  die-casting  machine  with  the  die  inclosed 
in  a  vacuum  chamber.  The  inventor  evidently  assumed  that  the  only 
cause  for  blow-holes  in  the  casting  was  the  presence  of  air  in  the  die. 
In  Fig.  7  is  shown  another  die-casting  machine  in  which  the  vacuum 
principle  is  applied;  here  the  vacuum  is  applied  directly  to  the  die. 

The  production  of  die  castings  free  from  blow-holes  has  been  the  mo^t 
serious  problem   confronting   die-casting  manufacturers.    At    various 
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times  it  has  been  stated  that  processes  capable  of  producing  solid  and 
homogeiieoufl  die  castings  have  been  developed.  If  all  blow-holes  in 
die  castings  were  caused  'by  air  coming  in  contact  wth  metal,  the  vacuum 
process  would  deserve  consideration.  That  the  presence  of  blow-holes 
in  some  die  castings  are  due  to  other  and  more  serious  causes,  the  writer 
will  endeavor  to  prove. 


/ 


Fia.  2. — Early  type  of  Doehujb  machine. 

In  Fig.  8  is  shown  a  cross-section  of  a  casting  that  can  be  gated  at  A 
or  B;  in  the  best  foundry  practice  the  gate  A  would  probably  be  used. 
The  first  metal  that  goes  into  the  die  will  chill  around  the  inner  walls 
and  take  the  form  shown  in  the  shaded  portion.  The  gate  may  then  be- 
come chilled  before  the  inner  portion  has  been  filled;  this  will  cause  blow- 
holes that  no  vacuum  will  eliminate.  A  similar  effect  will  be  produced  if 
the  metal  was  too  cold  at  the  time  of  casting.  The  writer  has  produced 
castings  having  only  an  outer  shell,  similar  to  that  shown  in  Fig.  S, 
by  limiting  the  amount  of  metal  injected  into  the  die  to  a  quantity  less 
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than  that  required  to  make  the  casting.  A  Bimilar  result  may  be  obtained 
by  running  the  metal  so  cold  that  it  will  chill  the  thinner  sections  of  the 
casting  before  the  heavier  sections  are  completely  filled.  Lack  of  pres- 
sure will  produce  the  same  result. 


II 


DOEHLSB  COMPBB88ED-AIS  UACHINB. 


Blow-holes  in  die  castings  may  also  be  caused  by  the  phenomenon 
that  we  sometimes  call  "piping."  Makers  of  rolling-mill  ingots  have 
often  been  confronted  with  this  problem.  In  Fig.  9  is  shown  cross-sec- 
tion of  another  casting  gated  at  A.  The  metal  flowing  into  the  die  at  A 
will  fill  the  entire  mold  cavity,  assuming  all  casting  conditions  to  be  idea), 
but  the  metal  in  the  thin  section  adjoining  A  will  chill  before  the  heavier 
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sectioii  so  that,  the  chilling  being  from  the  outside,  a  shrinkage  hole  will 
be  left  in  the  center.  Here  again  no  advantage  can  be  gained  by  the 
use  of  the  vacuum  system. 

Dies 

In  the  manufacture  of  die  castings  from  zinc,  tin,  and  lead  alloys, 
dies  made  from  low-carbon  machine  steel  last  almost  indefinitely  and 
answer  every  purpose.     In  the  first  attempts  to  die-cast  aluminum, 


A 
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Fio.  4. — Another  type  of  compressed-air  machine. 

the  problem  of  obtaining  a  suitable  die  material  presented  serious  diffi- 
culties, which  were  described  by  the  writer  in  a  paper  read  before  the 
American  Institute  of  Metals  in  1915.  This  problem,  however,  has  been 
solved  by  the  use  of  various  alloy  steels   making  possible   the    com- 
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mercial  die  casting  of  aluminum  and  its  alloys,  which  constitutes  Uie 
greater  part  of  the  die-casting  industry  of  today.  The  proper  gating 
and  venting  of  these  dies  are  problems  that  arise  daily  and  on  the 
solution  of  these  problems  depends  the  success  or  failure  of  the  process. 


Fio.  5. — Chandlgb  dib-cabtino  hag  bine. 
•  Alloys 

In  a  paper  read  before  the  American  Institute  of  Metals  in  1914,  the 
writer  described  the  various  types  of  zinc,  tin,  and  lead  alloys  used  in  the 
die-easting  process.  The  application  of  these  alloys  and  their  limita- 
tions were  also  pointed  out.  At  that  time  the  die  casting  of  alunoiaum 
and  its  alloys  was  barely  beyond  the  experimental  stage.  During  the 
past  4  years,  the  most  important  advance  in  the  art  of  die  casting  has 
been  made  in  the  perfection  of  the  process  for  die-casting  aluminum  and 
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i(8  alloys.  The  importance  of  thia  achievement  as  an  aid  to  winning 
the  war  is  best  demonstrated  by  the  fact  that  at  least  95  per  cent,  of  the 
die-cast  parts  used  directly  or  indirectly  as  materials  of  war  were  made 
from  an  aluminum-base  alloy.  Of  these  castings,  only  a  very  small 
percentage  could  have  been  produced  successfully  in  1914. 

Investigations  of  the  casting  properties  of  metals  and'  alloys  in  the 
past  have  been  generally  limited  to  sand  castings;  few  data  are 
available  as  to  the  casting  properties  of  metals  or  alloys  in  metallic 
molds.  Jiist  what  constitutes  a  good  die-casting  alloy  is  a  subject  of 
onuBual  interest.  A  few  of  the  important  requirements,  outside  of  the 
usual  physical  properties  demanded  of  alloys,  are: 


Fio.  6. — Machins  with  die  knclobed  in  vacudu  cbaubss. 

Melting  Point.— The  successful  die-casting  machine  in  every  instance 
is  constructed  of  iron,  in  one  form  or  another.  The  melting  point  of 
the  alloy  must  be  such  that  it  will  melt  readily  in  an  iron  pot. 

Sotveiit  Action.^-The  solvent  action  of  the  alloy  on  iron  must  not  be 
too  great.  Molten  aluminum  dissolves  iron  very  rapidly  and  analyses 
oE  alutninum  die  castings  on  the  market  will  show  an  iron  content  of  from 
1  to  3  per  cent,,  due  to  the  solvent  action.  Fortunately,  there  is 
no  serious  objection  to  the  presence  of  iron  in  aluminum  casting  alloys. 
Should  the  aluminum  absorb  much  above  3  per  cent,  iron,  the  melting 
point  becomes  too  high  and  the  alloy  becomes  viscous  and  unsuitable  for 
making  castings. 

Elongation. — The  elongation  of  the  metal  is  of  vital  importance  in 
detennining  the  die-casting  properties  of  an  alloy.  Not  only  is  it 
desirable  to  know  the  elongation  of  the  alloy  when  cold,  but  it  is  of 
fcreater  importance  to  determine  the  elongation  at  various  temperatures 
ranging  from  the  melting   point   of   the   alloy  down   to  normal  tem- 
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perature.  The  reason  for  this  becomes  apparent  when  the  physical 
phenomeoa  of  the  die-casting  process  are  considered.  Let  us  assume 
that  a  ring  12  in.  (30.48  cm.)  in  diameter  is  to  be  die-cast  in  a  metallic 
mold  around  a  metallic  core.  Ae  the  molten  metal  strikes  the  mold 
it  solidifies.  Here  a  change  of  state  occurs  that  is  accompanied  by 
a  reduction  in  volume,  commonly  termed  shrinkage.  Unlike  a  sand 
core,  the  metallic  core  is  not  compressible  and  retains  its  origiiial 
size  and  form  so  that  the  shrinkage  of  the  metal  is  converted  into  a 
stretching  action  on  the  solidified  casting.  If  the  elongation  of  the 
alloy  at  that  temperature  is  not  high  enough  to  withstand  this  stress 
the  casting  will  crack.    In  the  usual  die-casting  practice  it  is  cot 


'  FlO.  7. — DlX-CABTINO  UACHIKH  WITH  VACUtJU  APPLIED  DIBBCTLT  TO  DIE. 

practical  to  remove  the  casting  from  the  die  at  the  solidification  tempera- 
ture of  the  alloy.  For  example,  the  solidification  temperature  of  the 
aluminum-copper  alloys  used  in  the  die-casting  process  is  approximately 
1150"  F,  (621°  C).  It  has  not  been  found  practical  to  run  the  casting 
dies  above  a  temperature  of  500°  F.  (260°  C.)^  which  means  that  the  cast- 
ings are  withdrawn  from  the  dies  at  that  temperature.  It  follows  that 
the  casting  is  subjected  to  another  stretching  stress  after  the  casting  has 
solidified,  due  to  the  contraction  in  volume  that  must  occur  when  a 
casting  is  cooled  from  a  temperature  of  1150°  F.  to  500°  F, 

The  writer  has  been  unable  to  find  any  reliable  method  for  determin- 
ing quantitatively  the  elongatioii  of  alloys  at  various  temperatures. 
Many  methods  have  been  suggested  but  they  have  proved  of  doubtful 
value.    The  simplest  way  is  to  use  the  old  "t.ry-and-6ee"  method.    To 
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test  the  alloy,  a  casting  is  made  in  a  die  having  a  comparatively  lai^e 
core  ftod  thin  wall.  If  the  alloy  can  stand  the  casting  stress,  a  perfect 
casting  will  be  obtained,  otherwise  the  casting  will  show  bad  cracks. 
Only  a  comparative  result  is  obtained,  but  for  everyday  control  it 
answers  the  purpose.  However,  a  simple  and  reliable  method  for  deter- 
mining quantitatively  the  elongation  of  metals  and  alloys  at  various 


FiQ.  8. — Csose-ascTioN  of  castins  with  two  oatino  PoeiTioNS. 

temperatures  would  prove  of  enormous  value  to  all  metallurgists  eng^ed 
in  the  various  phases  of  metal-casting  research. 

It  is  interesting  to  note  that  the  elongation  of  a  metal  or  alloy  at 
normal  temperatures  is  no  indication  as  to  the  properties  of  that  metal  or 
alloy  at  higher  temperatures.  The  writer  has  found  many  cases  where 
an  alloy  showing  little  or  no  elongation  at  normal  temperatures  shows  a 
high  elongation  at  higher  temperatures.     The  alloys  of  aluminum  and 


FlO.  9. — Die  CASTIKO  OONTAININQ  SBBtNKAGE  HOLE. 


copper  may  serve  to  illustrate  this  point.  It  is  well  known  that  the  addi- 
tion of  copper  to  aluminum  reduces  the  elongation  of  the  aluminuni  alloy. 
An  aluminum  alloy  containing  12  per  cent,  copper  will  show  less  elon- 
gation than  an  alloy  containing  only  6  per  cent,  copper  when  tested  at 
normal  temperatures.  Nevertheless,  the  12  per  cent,  copper  alloy  has 
a  greater  elongation  at  higher  temperatures  than  the  6  per  cent,  alloy 
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and  consequently  the  12  per  cent,  alloy  is  better  able  to  withstand  the 
casting  stresses  to  which  it  is  subjected  in  the  die-casting  process. 

In  the  early  days  of  the  die-casting  industry,  alloys  were  compounded 
indiscriminately  and  little  or  no  consideration  was  given  to  the  metal- 
lurgical principles  involved.  The  manufacturer  in  many  instances 
knew  much  more  about  machinery  than  about  metals.  The  result  was 
th^t  there  were  put  on  the  market  die  castings  made  from  alloys  that 
deteriorated  rapidly  and  created  a  prejudice  among  engineers  against 
the  use  of  these  castings.  That  this  prejudice  was  in  part  justified  must 
be  admitted;  nevertheless,  the  modern  die-casting  plant  is  equipped 
with  physical  and  chemical  testing  laboratories  and  the  die-casting  prac- 
tice of  today  bears  no  relation  to  that  of  5  years  ago. 

Die  Castings  Made  for  War  Purposes 

V  Die  cia,stings  have  had  their  most  severe  test  during  the  past  2  years, 
during  which  time  most  of  the  die  castings  manufactured  were  used 
directly,  or  indirectly,  in  the  Government's  war  program.  Here  is  a 
partial  list  of  the  application  of  die  castings  for  this  purpose. 

Gas  masks,  breather  tubes  and  other  metal  parts. 

Lewis  machine  guns,  100  die-cast  parts  to  every  gun. 

Browning  machine  guns,  four  of  the  most  vital  parts. 

Naval  and  army  binoculars,  the  entire  housing. 

Army  truck,  tank,  and  airplane  die-cast  parts  include  parts  of  igni- 
tion system,  carburetor,  gasoline-regulating  devices,  steering-wheel 
accessories,  ball-bearing  cages,  bearings,  speed  indicators,  etc. 

Pistol,  complete  signal  pistol. 

Submersible  bombs,  some  designs  contained  as  many  as  10  die-cast 
parts. 

Hand  and  rifle  grenades,  every  grenade  manufactured  in  this  country 
contained  one  or  more  die  castings. 

Trench  mortar  shells,  plugs  die  cast. 

Airplane  drop  bombs,  one  or  more  die-cast  parts. 

Surgical  instruments,  including  hair  clippers,  respiratory  devices,  etc. 

In  many  instances,  die-cast  parts  were  used  where  the  failure  of  Ae 
part  would  result  in  serious  loss  of  life.  The  fact  that  not  one  failure  of 
a  die  casting  has  been  reported  must  continue  to  be  a  source  of  deep 
satisfaction  to  the  modern  die-casting  manufacturer. 
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Anthracite  Mining  Costs 

BT  R.  V.   NORRI8,*  B.  M.,  M.    8C.,   WILKES-BARRE,   PA. 
(New  York  Meeting.  February,  1919) 

It  was  stated  in  a  former  paper*  that  an  intensive  study  of  anthra- 
cite costs  was  being  made  by  the  engineers  of  the  United  States  Fuel 
Administration.  The  results  of  this  study  are  now  available  and  are 
ofifered  as  a  supplement  to  the  former  paper. 

Anthracite  costs  as  reported  for  the  6-months  period,  December, 
1917,  to  May,  1918,  inclusive,  as  compiled  by  the  Federal  Trade  Com- 
mission, were  used  as  a  base,  and  charts  similar  to  those  described  in 
the  former  paper  were  made  /or  the  standard  white  ash  anthracite  and 
for  red  ash  and  Lykens  valley  coals. 

Adjustments 

The  adjustments  of  cost  from  a  reported  to  a  price-fixing  basis,  as 
described  for  the  bituminous  methods,  were  applied  but  showed  only 
minor  adjustments  as  necessary. 

The  great  spread  in  anthracite  prices  on  the  varying  sizes,  which  for 
the  6-mo.  period  under  review  ranged  in  average  from  $5,244  for  nut  to 
12.074  for  barley  coal,  makes  the  question  of  the  percentage  of  sizes 
produced  at  the  different  coUieries  a  vital  one.  The  realization  with 
the  same  prices  for  each  size  must  be  within  very  wide  limits,  when  it  is 
considered  that  the  percentage  of  prepared  coal  reported  from  diflferent 
collieries  varied  from  over  80  per  cent,  to  below  30  per  cent,  for  fresh- 
mined  coal.  Hence,  as  the  spread  in  prices  for  the  various  sizes  must  be 
predicated  on  some  percentage,  it  is  essential  to  find  some  method  of 
adjustment  to  allow  for  this  variation.  The  logical  method  of  adjust- 
ment is  to  calculate  actual  costs  to  costs  as  of  the  standard  percentage 
of  sizes,  so  that  the  margin  between  the  adjusted  costs  and  the  average 
realization  shall  be  the  actual  margin  for  each  colliery  between  its  actual 
costs  and  actual  realization  due  to  its  particular  percentage  of  sizes.  As 
a  base  for  reahzation  the  actual  percentage  of  sizes  for  fresh-mined  coal 
for  the  6-mo.  period  was  adopted.    This  percentage  is  given  in  Table  1. 

*  Engineer,  U.  S.  Fuel  Administration. 

'CjTUs  Gamsey,  Jr.,  R.  V.  Norris  and  J.  H.  AUport:  Method  of  Fixing  Prices  of 
Bitaminous  Coal  Adopted  by  the  United  States  Fuel  .Administration.  Bull.  141 
(Sept.,  1918)  1411. 
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Table  1, -^Percentage  of  Sizes  of  Fresh-mined  Coal 


Mesh,  in  Inches 


Size  of  Coal 


Throuch 


Square      Round      Square 


Over 


Round 


Peroentace  of  Siiea 


Fresh 
Mined 


Washery 


Fresh 

Mined  and 

Washecy 


Broken 

Egg 

Stove 

Nut 

Pea 

Buckwheat 

Rice 

Barley 

Boiler 

Screenings . 


4 

2% 

2 

m 

H 


4H 

2H 

3Ji 

2        1 

25i6 

iH 

liHe 

V4. 

»?i6 

H 

% 

Hi 

Ke 

H* 

K 

% 

Hi 

% 

He 

H 

H4. 


6.8 

14.6 

19.6 

24.7 

9.1 

11.6 

3.2 

4.9 

3.9 

1.6 


0.4 

1.2 

2.3 

10.1 

10.0 

21.4 

14.9 

27.5 

8.8 

3.4 


6.2 

13.5 

18.2 

23.5 

9.2 

12.4 

4.2 

6.8 

4.3 

1.7 


For  adjustment  as  a  base  for  fixing  a  spread  of  prices  the  percentages 
used  were,  taken  at  even  figures,  prepared  65  per  cent.,  pea  9  per  cent., 
buckwheat  12  per  cent.,  and  smaller  14  per  cent. 

The  adjustment  finally  arrived  at  after  long  study  was  tested  on 
actual  reports  from  collieries  having  percentages  that  varied  from  over  80 
per  cent,  to  under  30  per  cent,  prepared  coal  and  was  found  to  be  correct 
within  a  maximum  variation  of  less  than  13^^  per  cent.     It  was  as  follows: 


ForEaoh  1  Per  Cent.  Variation 


Above  Standard, 
Per  Cent.  Deduction 


Below  Standard, 
Per  Cent.  Addition 


Prepared  . 
Pea 

Buckwheat 
Smaller 


1.20 
0.85 
0.75 
0.50 


1.20 
0.85 
0.75 
0.50 


As  examples  of  the  working  of  this  adjustment  with  prices  assumed  at 
about  the  average  for  the  6  mo.  and  taking  mines  well  away  from  average 
percentage  of  sizes. 


Size 


Base 
Per      Base 


Cent. 
Sixes 


Price 


Prepared. . . 

Pea 

Buckwheat . 
Smaller . . . . 


65    $5.10 

9  ;  3.70 

12  '  3.20 

14  I  2.20 


Realisa- 
tion 


S3. 315 
0.333 
0.384 
0.308 


Mine 

A.  Per 

Cent. 

Sizes 


Correc- 
tion, 
Per 
Cent. 


Actual 
Realisa- 
tion 


Correc- 
tion, 
Per 
Cent. 


Reatisa' 
tion 


ToUIb 


100 


73.1 

6.4 

10.4 

10.1 


'  -9.72 

,  +2.21 

I  +1.20 

'  +1.95 


S4.340      100.0      -4.36 


13.730 
0.237 
0.333 
0.222 

55.1 
15.3 
13.7 
15.9 

+  11.880 

-  5.355 

-  1.275  t 

-  0.950 

$4,522 

100.0 

+  4.30 

$2,810 
0.566 
0.438 
O.S50 

$1,164 


Assume  cost  for  each  mine 

Actual  margin 

Standard  realization 

Calculated  cost  as  of  standard  per  cent,  sixes 

$4.00X0.9564% 

Calculated  maigin • 


$4,000  $4,000 

$0,522  $6,164 

$4,340  $4,340 

$3^26  $4.00  X  104.30%  «  $4.172 

$0,514  $0,168 
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The  correction  for  Mine  A  is  then  —4.36  per  cent,  and  the  ad- 
justed cost  $3,826;  showing  51.4  c.  margin  on  the  S4.34  standard  realiza- 
tion against  52.2  c.  actual  margin.  Similarly  for  Mine  B,  the  correction 
is  +4.30  per  cent.,  giving  an  adjusted  cost  of  S4.172  and  a  margin  of 
16.8  c.  as  compared  with  the  actual  margin  of  16.4  c.  Thus  the  adjusted 
costs  on  the  chart  bear  a  true  relation  to  the  realization  received  from 
a  scale  of  prices  for  the  various  sizes  based  on  the  standard  or  average 
percentage  of  sizes  adopted  as  a  base,  regardless  of  the  actual  percent- 
age of  sizes  produced  by  each  operation,  and  prices  can  be  fixed  from 
the  chart  line  of  adjusted  costs  which  will  result  in  giving  each  mine 
its  intended  margin.  The  correction,  of  course,  is  an  allocation  based 
on  realization  from  the  different  sizes  and  could  be  made  more  accurately 
by  taking  into  account  each  size  produced,  but  at  the  cost  of  more  time 
than  was  available  for  the  work.  With  a  material  variation  in  price, 
different  factors  of  correction  should  be  calculated. 

Royalties 

A  large  percentage  of  the  anthracite  coal  is  owned  in  fee  by  operators, 
who  also  lease  tracts  contiguous  to  their  fee  holdings.  As  all  report 
royalties  on  the  basis  of  tonnage  produced,  the  general  average  15.5  c. 
per  T.  reported  is  misleading.  The  actual  average  royalty  reported  by 
operators  mining  generally  from  leased  lands  was  33.25  c,  and  by  those 
generally  mining  from  fee  lands,  5.5  c.  As  relatively  few  operators  mine 
exclusively  from  either  class  of  lands,  no  data  is  available  to  show  the 
actual  average  royalties  paid,  but  it  is  believed  that  the  present  average 
would  be  approximately  40  c.  per  ton. 

A  few  leases,  notably  those  made  by  the  trustees  of  the  Girard  Estate, 
owned  by  the  City  of  Philadelphia,  base  the  royalty  payments  on  a  per- 
centage of  the  sale  price  of  the  coal  at  the  mines  instead  of  requiring 
fixed  royalties;  this  percentage  varies  from  15  per  centr  to  as  high  as  28 
per  cent,  of  the  price.     As  the  labor  war  bonuses  materially  add  to  the 
sale  price,  these  have  resulted  in  excessive  royalties  and  serious  embarrass- 
ment to  the  operators,  who  were  not  allowed  to  increase  the  price  of  coal 
sufiSciently  to  even  fully  absorb  this  additional  labor  cost  and  by  whom 
the  extra  royalties  must  be  paid  out  of  already  narrow  margins.     Many 
of  the  lessors  have  patriotically  foregone  the  extra  royalties  due  under 
these  sliding  scales,  and  as  it  is  certainly  improper  that  the  public  should 
be  asked  to  pay  these  additional  royalties,  not  contemplated  in  the  origi- 
nal contract  though  enforceable  at  law,  the  U.  S.  Fuel  Administrator 
has  expressed  himself  as  unwilling  to  consider  such  excess  payments  in 
any  fixing  of  anthracite  prices. 

Cost  Charts 

Cost  charts  were  made  from  averages  of  the  6  mo.,  showing  both  the 
reported  and  the  adjusted  costs  for  standard  fresh-mined  white  ash 
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anthracite,  both  by  collieries  and  by  operating  companies.  As,  in  the 
prices  fixed  by  the  President,  Aug.  23,  1917,  a  differential  of  75  c.  per  T. 
on  pea  size  and  above,  equivalent  to  52.95  c.  per  T.  on  all  sizes,  was  estab- 
lished for  the  independent  operators  over  certain  companies  with  rail- 
road affiliation,  generally  known  as  the  "Companies''  charts  were  made 
by  collieries  for  both  the  independent  operators  and  the  Companies,  as 
well  as  a  combined  chart  of  the  entire  output.  Similar  charts  were  also 
made  for  the  entire  output  of  fresh-mined  coal  and  for  the  total  output 

Table  2. — Average  and  Bvik  Line  Costs  of  White  Ash  Coal 


Chart 
Number 


Description 


81 
82 

83 

86 

91 


Coete, 
Averacee 
Returned 


Coeta. 
Adjusted 


Cost.  90  Per 

Cent.  Bulk 

line 


Excluding  Washbry  Coal 
'  All  operations,  each  colliery  separate . . .  | 
I  All  company  operations,  each  colliery 

separate 

All  independent  operations,  each  collieryj 

separate 

All  operations,  each  company  operating 

two  or  more  collieries  consolidated 

Including  Washbry  Coal 
All  operations,  each  company  operating 

two  or  more  collieries  consolidated . . . 


$3.85 
3.71 


4.37 


3.85 


3.57 


Table  3. — Average  Prices  Received  for  White  Ash  Coal 


Sise 


Broken 

Egg 

Stove 

Nut 

Pea 

Total  and  weighted  av'g 
prepared  and  pea 

Buckwheat 

Rice 

Barley. ., 

Boiler 

Screenings 

Total  and  weighted  av'g 
small  sizes 

Grand  total 


Freeh  Mined  Coal 


Per  Cent. 

6.8 
14.6 
19.6 
24.7 

9.1 


74.8 

11.6 
3.2 
4.9 
3.9 
1.6 


Average 
Price 


100.0 


$4,889 
5.028 
5.161 
5.244 
3.687 


4.959 

3.342 
2.482 
2.231 
2.341 
2.202 


25.2     I    2.795 


4.414 


Bank  Coal 


Per  Cent. 


0.4 

1.2 

2.3 

10.1 

10.0 


24.0 

21.4 

14.9 

27.5 

8.8 

3.4 


76.0 


100.0 


Average 
Price 


ToUl  Including  Banks 


Per  Cent. 


$4,416 

4.815 

5.060 

5.246 

3.696 


4.544 

3.213 
2.452 
1 .767 
2.123 
1.555 


2.339 


2.868 


6.2 
13.5 
18.2 
23.5 

9.2 

70.6 

12.4 
4.2 
6.8 
4.3 
1,7 


29.4 


100.0 


Price 


$4,886 
6.027 
5.160 
5.244 
3.698 


4.947 

3.324 
2.473 
2.074 
2.304 
2.162 


2.697 


4.285 
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including  wasbery  coal  by  operating  companies,  all  collieries  operated  by 
a  single  company  being  consolidated.  Similar  charts  were  made  for 
red  ash  and  for  Lykens  valley  coal.     These  charts  were  interesting  princi- 
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pally  in  that  they  showed  that  the  h^er  prices  charged  for  these  special- 
ties were  justified  by  their  higher  costs  of  production.  The  charts  given 
are  believed  to  fairly  show  the  general  costs  of  production. 
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These  charts  show  the  averages  and  bulk  line  coats  for  standard  white 
ash  coal  given  in  Table  2.  The  average  prices  received  are  given  m 
Table  3. 
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The  prices  received  by  the  Companies  and  Independents  have  not 
been  separately  averaged,  but  calculating  on  the  differential  and  assuming 
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the  percentages  the  same  for  Compaaiee  and  Independenta,  which  is  only 
approxiinately  the  case,  the  selling  price  of  fresh  mined  ooal  would 
average  for  Companies,  $4,287  and  for  Independents,  J4.817.  Margins 
over  reported  costs  of  Companies  would  be  58  e.  and  for  Independents  45  c. 
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with  a  general  average  margin  for  all  fresh-mined  coal  of  56  c.  and  for  all 
coal  including  waahery  of  71  c.  per  T.,  and  under  "bulk  line"  costs 
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fresh-mined  Companies,  36  c;  Independents,  15  c.;  total,  39  c.;  including 
washeries  consolidated  sheets  total  of  7.5  c. 

These  margins  include  all  expenditures  for  Federal  income  and 
excess  profits,  taxes,  selling  expenses,  interest  charges,  expenditures  for 
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improvements  and  developments  to  increase  output,  excess  of  capital 
expenditures  over  normal  cost,  and  all  profit  on  the  inTeBtment  (rf 
about  $8  per  ton  annual  output. 


b.  v.  norris 
Labor  Increa»£8 


Effective  Dec.  1,  1917,  a  labor  war  bonus,  ranging  from  60  c.  to  $1.10 
per  day  for  labor  and  25  per  cent,  for  contract  miners  was  granted,  and 
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the  prices  fixed  Aug.  23,  1917  and  modified  Oct.  1,  1917,  by  reducing  pea 
coat  60  c.  per  T.,  were  increased  by  35  c.  per  T.  to  compensate  for  this 
labor  increase.    The  actual  reported  increase  in  labor  cost  due  to  this 
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advance  was  figiired  by  the  Federal  Trade  Commission  from  the  opera- 
tors' reports  to  be  60.3  c.  From  the  actual  payroll  figiires  later  obtained 
by  the  U.  S.  Fuel  Administration,  this  increase  was  found  to  be  76.3  c. 
perT. 

Effective  Nov.  1,  1918,  a  second  labor  war  bonus  was  granted.  The 
calculated  increase  in  cost  due  to  this  is  shown  in  Fig.  5,  on  which  the 
increases  for  each  operator  are  found  by  figuring  from  the  payroUs,  for 
the  6  mo.,  the  actual  increase  in  pay  which  would  have  been  given 
applying  the  Nov.  1, 1918,  increases,  and  dividing  by  the  6  mo.  tonnage 
of  the  colliery.  This  line,  adjusted  to  per  cent,  of  sizes,  plotted  on  the 
chart  shown  in  Fig.  5  and  compared  with  the  adjusted  cost,  shows  an 
increase  in  cost  of  74.1  o.  As  this  was  necessarily  applied  to  the  pre- 
pared and  pea  sizes  70.6  o.  of  the  total  the  increase  on  these  sizes  was 
$1.05  per  T.,  which  increase  was  allowed  to  balance  the  increased  cost 
of  labor. 

Price  Fixing 

Except  for  the  two  increases  to  compensate  for  labor  increases  just 
noted  and  the  reduction,  Oct.  1, 1917,  of  the  pea  coal  price,  the  anthracite 


Table  4. — Prices  Fixed  by  the  President,  Aug.  23,  1917 


-L 


White  ABh 


Company 


Indepen- 
dent 


Red  Aeh 


Company 


Lykena  Valley 

— rr  


Indepen- 
dent 


Company 


Indepen- 
dent 


Broken. . 

Egg 

Stove 

Chestnut 
Pea 


I 

$4.55 

$5.30 

$4.75 

$5.50 

$5.00 

4.45 

5.20 

4.65 

5.40 

4.90     ' 

4.70 

5.45 

4.90 

5.65 

5.30     ' 

4.80 

5.55 

4.90 

5.65 

5.30 

4.00 

4.75 

4.10 

4.85 

4.35 

$5.75 
5.65 
6.05 
6.05 
5.10 


prices  are  as  fixed  by  the  President  on  Aug.  23,  1917.  The  present  reali- 
zation, all  companies  and  all  sizes,  inclu4ing  washery  coal  and  both  the 
labor  increases,  is  calculated  to  average  $5.13  per  T.,  while  the  bulk  line 

Table  b.— Fixed  Prices,  Dec.  31,  1918 


White  Aah 


Company 


Indepen- 
dent 


Red  Ash 


Company 


Indepen- 
dent 


Lykens  Valley 


Company 


Indepen- 
dent 


Broken . . 

Egg 

Stove 

Chestnut 
Pea 


$5.95 

$6.70 

$6.15 

$6.90 

$6.40 

5.85 

6.60 

6.05 

6.80 

6.30 

6.10 

6.85 

6.30 

7.05 

7.10 

6.20 

6.95 

6.30 

7.05 

7.10 

4.80 

5.65 

4.90 

5.75 

5.15 

$7.15 
7.05 
7.85 
7.85 
5.90 
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of  the  chart  shown  in  Fig.  6,  plus  the  November^  1918,  labor  increase 
would  be  $5.32. 

Capital  iNyBSTMENT 

The  capital  invested  per  ton  output  in  the  larger  and  better  equipped 
collieries  ranges  from  $5  to  $11,  with  an  average  investment  from  $7.50 
to  18. 

Prices  Fixed 

The  prices  fixed  by  the  President  Aug.  23,  1917,  are  given  in  Table 
4.  No  price  was  fixed  on  sizes  smaller  than  pea,  which  was  decreased 
60  c.  per  T.  Oct.  1,  1917.  There  was  a  general  increase  of  35  c.  per  T. 
Dec.  1,  1917  and  one  of  $1.05  per  T.  Nov.  1,  1918.  Sizes  smaller  ihan 
pea  were  limited  to  a  maximum  50  c.  per  T.  below  pea  coal  by  order 
of  Nov.  15,  1918. 

Table  6. — Average  Cost,  December,  1917,  to  May,  1918 


FrcihMiiwd 

Coal, 
35.2M.650  T. 
Cost  p«r  Ton 


Waahery 
Operationa, 
8.431,016  T. 
,  Coat  per  Ton 


lAbor 

Supplies 

I^ansportation,  mine  to  breaker 

Royalty,  current 

Royalty,  advance 

Depletion 

Amortization  of  cost  of  leasehold  — 

Depreciation 

Pro  rata  suspended  cost  of  stripping 

Contract  stripping  and  loading 

Taxes,  local 

Insurance,  current 

Insurance,  liability 

OflBcers'  salaries  and  expenses 

Office  salaries  and  expenses 

Legal  expenses 

Miscellaneous 


$2,593 
0.616 
0.004 
0.153 
0.002 
0.099 
0.014 
0.091 
0.023 
0.009 
0.054 
0.016 
0.058 
0.030 
0.048 
0.005 
0.026 


Total. 


$3,871 


Increase  over  May  to  November,  191 7 $0 .  764 


$0,687 
0.260 
0.007 
0.102 

0.077 
0.024 
0.086 


0.034 
0.014 
0.018 
0.019 
0.024 
0.003 
0.023 


Total  Indud- 
ing  Waaheriee. 
38,688,466  T. 
Coat  per  Ton 


$2,423 
0.584 
0.004 
0.148 
0.002 
0.097 
0.016 
0.090 
0.021 
0.009 
0.079 
0.016 
0.055 
0.029 
0.045 
0.005 
0.026 


$3,651 


$0,719 


The  present  fixed  prices,  Dec.  31,  1918,  per  ton  of  2240  lb.,  f.o.b. 
mines,  are  given  in  Table  5.  Smaller  than  pea  is  not  to  be  sold  within 
50  G.  of  maximimi  pearcoal  price.  Thus  the  selling  price  of  anthracite 
has  been  increased  but  30.5  per  cent,  over  the  pre-war  price,  while  the  cost 
of  production  has  gone  up  52  per  cent.,  the  difference  having  been  ab- 
sorbed by  the  operators. 
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The  average  cost  as  reported  for  the  6  mo.,  December,  1917,  to  May, 
1918,  inclusive,  prior  to  the  increase  of  Nov.  1, 1918,  but  including  that  of 
Dec.  1,  1917,  is  given  in  Table  6. 

Accounting  Suggestions 

Depletion  of  Lands. — No  standard  practice  in  charging  off  depletion 
was  found.  The  charges  to  this  account  varied,  even  among  the  larger 
operators,  from  nothing  or  a  nominal  fraction  of  a  cent  per  ton  to  practi- 
cally the  full  royalty  rate.  The  proper  charge  for  depletion  is  admittedly 
a  difficult  question.  Under  the  present  (1917)  income-tax  law,  lands 
purchased  since  Mch.  1,  1913,  may  be  depleted  to  return  the  cost  price 
on  exhaustion,  and  lands  purchased  before  that  date  may  be  depleted  on 
their  value  as  of  Mch.  1, 1913.  The  second  class  may  be  again  divided 
into  those  operated  on  royalty  by  others  than  the  owners,  where  the  de- 
pletion accrues  to  the  owners,  and  to  those  lands  directly  operated  by  the 
fee  owners. 

In  the  case  of  royalty  lands,  the  value  as  of  Mch.  1,  1913,  is 
clearly  the  present  value  as  a  varying  annuity  of  the  annual  amount  of 
the  royalties  for  the  term  of  the  Ufe  of  the  property,  and  as  this  sum  is 
not  dependent  on  the  vicissitudes  of  mining,  the  discount  is  properly  at 
the  going  value  of  money,  in  most  cases  not  exceeding  6  per  cent. 

In  the  case  of  lands  operated  by  the  fee  owners,  the  value  as  of  Mch. 
1,  1913,  should  properly  be  calculated  as  the  present  value  of  the  profits, 
year  by  year,  to  exhaustion;  unfortunately  it  is  impracticable  to  deter- 
mine such  a  value,  as  the  profits  are  a  widely  varying  quantity  de- 
pendent on  market  conditions,  and  impossible  to  forecast  far  into  the 
future.  We  would  suggest  substituting  for  the  profits  the  normal 
royalty  rate  of  the  district,  as  indicated  by  recent  leases,  and  determin- 
ing the  present  value  on  the  same  basis  as  royalty  coal.  In  this  case 
the  question  of  profits  is  minimized  and  it  would  seem  that  the  discount 
rate  might  properly  be  taken  at  6  per  cent.,  leaving  excess  earnings  to 
take  care  of  the  mining  risk.  As  in  the  case  of  a  sale,  which  would  fix 
the  depletion  charge,  the  purchaser  would  expect  to  be  able  to  earn 
more  than  6  per  cent,  on  any  investment  involving  a  mining  hazard, 
and  a  6  per  cent,  base  on  royalty  value  would  probably  fairly  represent 
a  fair  sale  value. 

In  determining  the  probable  life  of  a  property,  consideration  should 
be  given  to  its  past  history  as  to  output,  its  state  of  development,  prob- 
able future  output  with  normal  conditions,  and  to  the  quantity  of  coal 
available  on  the  property,  or  properly  tributary  to  its  development.  As 
the  present  value  of  an  annuity  for  60  years  is  essentially  equal  to  the  pres- 
ent value  of  a  perpetual  annuity,  it  is  probably  wise  to  limit  the  present 
value  of  a  property  to  the  present  value  of  the  probable  output  for,  say, 
60  years,  regardless  of  the  total  tonnage  or  life  of  the  property.     Acreage 
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that  is  not  estimated  to  be  mined  within  the  60-year  period  should  be 
carried  in  an  investment  account  not  subject  to  depletion  and,  when 
opened,  treated  as  new  property.  The  present  value  of  property  with 
less  than  the  maximum  life  just  indicated  should  be  based  on  its  probable 
life,  resulting,  of  course,  in  a  higher  depletion  charge  for  short-lived 
properties. 

Depreciation  and  Capital  Charges, — No  general  policy  in  depreciation 
charges  had  been  followed,  the  practice  varying  from  charging  everything 
to  operation,  to  capitalizing  all  improvements  and  developments.  In 
general,  all  plant  and  all  opening  and  development  charges,  less  the  value 
of  coal  produced  during  this  period,  up  to  the  time  when  the  mine  is 
opened  and  developed  until  able  to  produce  its  rated  or  intended  capacity, 
should  be  charged  to  capital  and  be  subject  to  depreciation;  all  charges 
for  extensions,  including  plant  and  development  work  necessary  to  main- 
tain capacity,  should  be  charged  to  operating  expense.  In  the  case  of 
new  development  or  plant  designed  to  increase  capacity  or  materially 
reduce  cost  of  operation,  a  new  development  account  should  be  opened 
and  the  cost  of  providing  such  increased  output  should  be  charged  to 
capital  account. 

The  depreciation  account  should  be  so  arranged  as  to  extinguish  the 
capital  charge  against  any  item  of  plant  or  development,  when  such  item 
is  either  worn  out  or  ceases  to  be  useful  to  the  operation,  and  it  might 
be  well  to  .classify  into  groups  the  various  divisions  of  capital  charge, 
assigning  to  each  group  its  probable  average  life  and  proper  depletion 
charge.  Repairs  and  renewal  of  parts  should  be  charged  to  operation, 
but  the  life  of  plant  should  be  figured  considering  such  repairs  and  minor 
replacements.  For  instance,  repairs  and  renewals  in  a  breaker,  either 
to  machinery  or  structure,  should  be  charged  to  operating  expenses; 
but  its  extension  or  replacement  by  a  new  structure  should  be  capitalized. 
Similarly,  the  retimbering  of  a  shaft  or  main  tunnel  should  be  charged  to 
operating  cost,  but  its  original  cost  should  be  depreciated  so  as  to  be 
wiped  off  the  books  on  its  abandonment. 

Extraordinary  Expense  Account, — ^Large  items  of  expense  properly 
belonging  in  operating  cost,  but  which  would  so  affect  monthly  costs  as 
to  invalidate  comparisons,  may  be  put  into  an  extraordinary  expense 
account  and  this  distributed  annually  into  the  operating  expenses. 

Insurance  and  Taxes. — Fire  insurance  and  workmen's  compensation 
should  be  pro  rated  with  the  monthly  costs,  as  should  local  taxes.  An 
insurance  fund  should  also  be  maintained  to  provide  against  mining 
accidents,  as  fires,  explosions,  irruption  of  large  bodies  of  water  with 
resulting  flooding,  extensive  squeezes,  and  similar  accidents,  which  cannot 
properly  be  absorbed  into  operating  expense. 

Income  and  excess-profit  taxes  are  chargeable  against  profits  and  are 
not  proper  items  of  operating  expense. 
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Stripping  Costs. — The  cost  of  stripping  overburden  should  be  kept  in 
a  suspense  account  and  charged  against  the  coal  as  produced.  This 
requires  a  reasonably  accurate  estimate  of  the  coal  to  be  produced  by 
stripping,  made  from  proper  borings  or,  in  the  case  of  worked-over  areas, 
from  mine  data.  As  such  an  estimate  is  an  essential  preliminary  to  any 
properly  conducted  stripping  operation,  there  should  be  no  difficulty 
in  properly  handling  this  account. 

General. — It  should  be  understood  that  the  above  accounting  sugges- 
tions are  the  personal  opinions  of  the  author  and  have  not  been  approved 
by  any  government  department. 

Conclusion. — The  anthracite  cost  investigation  supplements  the 
bituminous  price  fixing  previously  described  and,  as  it  shows,  probably 
for  the  first  time,  the  actual  range  of  anthracite  costs,  we  believe  that 
its  inclusion  in  the  Transactions  of  the  Institute  is  warranted.  The 
entire  work  is  based  on  the  costs  reported  to  the  Federal  Trade  Com- 
mission by  the  anthracite  operators.  The  analysis  and  study  was  made 
by  the  Engineers  Committee  of  the  U.  S.  Fuel  Administration,  Messrs. 
Cyrus  Garnsey,  Jr.,  J.  H.  AUport,  and  the  author,  with  the  able  assistance 
of  Capt.  R.  H.  Vorfelt,  U.  S.  A.,  detailed  temporarily  to  the  Fuel  Admin- 
istration as  Director  of  the  Bureau  of  Investigation. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[STTBJBCT  TO  BEVISION] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  i>refenbly  be  pniented  in  j>eraon  at  the 
New  York  meetinc,  February,  1919*  when  an  abetraot  of  the  paper  will  be  rMd.  If  thia  is  impoasible, 
then  diemmmon  in  writinc  may  be  aent  to  the  Editor,  American  Inititute  of  Mining  Engineeie,  29  West 
39th  Street,  New  York,  N.  Y.,  for  preeentation  by  the  Secretary  or  other  repreeentative  of  ita  author. 
Unleea  apeoial  arrangement  ia  made,  the  diaouaaion  of  thia  paper  will  close  Apr.  1, 1919.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Standards  for  Brass  and  Bronze  Foundries  and  Metal-finishing 

*  Processes* 

BY  LILLIAN  BBSKINByf   NEWARK,   N.  J. 
(New  York  Meeting,  February.  1919) 

While  brass  and  other  copper  alloys  have  long  been  listed  as  oflfering 
health  hazards  to  their  workers,  it  is  questionable  if  the  metals  involved 
are  alone  responsible  for  the  trades'  records  of  morbidity.  The  entire 
science  of  foundry  sanitation  is  the  product  of  the  past  two  decades; 
and  the  best  standards  now  operative  would  have  been  regarded  as  little 
short  of  revolutionary  prior  to  1910. 

The  special  handicap  to  the  conservation  of  the  health  of  the  brass 
founder's  employees  has  been  the  fact  that,  unlike  the  iron  founder, 
hifl  business  could  be  profitably  carried  on  in  almost  any  small  and  un- 
sanitary quarters.  As  a  result,  writers  on  occupational  disease  have 
accepted  brass  chills  or  brass  founders'  ague  as  an  inevitable  feature  of 
the  trade;  and  respiratory  disabilities,  as  well  as  phthisis  and  disturb- 
ances of  the  nervous  system,  are  also  included  as  prevalent  among  those 
employed. 

While  there  can  be  no  question  as  to  the  basic  accuracy  of  past  investi- 
gations, there  is  every  reason  to  doubt  the  necessity  for  an  undue  percent- 
age of  ill  health  among  brass  molders  and  casters  who  are  safeguarded 
by  scientific  ventilating  standards  and  by  improving  personal  habits  of 
sobriety.  There  is,  however,  need  for  a  campaign  of  education  as  to  the 
most  approved  practices  and  equipment  whereby  the  employer  may 
safeguard  the  health  of  his  workers,  and  thereby  reduce  his  labdr  turn- 
over and  increase  his  productive  efficiency. 

Broadly  speaking,  copper,  tin,  and  aluminum  carry  negligible  health 
hazards.  The  toxic  qualities  of  lead,  however,  are  a  menace;  especially 
if  scrap  lead  is  recovered  or  bought  for  foundry  processes.  The  rapid 
volatilization  of  zinc  renders  its  fumes  and  flocculent  condensation  the 
chief  problems  in  conserving  the  health  of  the  brass  worker.  ThjB  fre- 
quent presence  in  the  foundry  air  of  traces  of  arsenic  compounds,  lead 


*  PreiNired  for  Lewis  T.  Bryant,  Commissioner  of  Labor  of  the  State  of  New 
Jersey. 

t  InvestigatoT  of  Occupational  Diseases  for  the  New  Jersey  Bureau  of  Hygiene 
and  Sanitation;  John  Roach,  Chief. 
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oxides,  carbon  monoxide,  oil  fumes,  and  occasional  mineral  acid  and  al- 
kali vapors,  from  cleansing  and  dipping  processes,  emphasizes  the  need 
for  free  natural  or  mechanical  ventilation. 

On  the  storage  and  transportation  of  the  metals  needed  in  furnace 
processes  depends,  to  a  minor  extent,  the  amount  of  dust  in  the  air. 
Where  scrap  lead  is  used,  the  poisonous  dust  accumulating  in  bins,  or 
scattered  during  transportation,  constitutes  a  hazard. 

The  use  of  stick  phosphorus,  instead  of  a  phosphor^copper  or  phos- 
phor-tin, as  a  scavenger  in  bronze  is  now  practised  in  the  small  foundry 
only  for  economic  reasons.  Special  instruction  and  warning  as  to  its 
highly  poisonous  character  and  combustion-hazards  are  necessary  in  the 
case  of  new  employees. 

Foundry  Construction 

In  foundry  construction  light  and  ventilation  are  the  prime  requi- 
sites. The  English  requirement  of  2500  cu.  ft.  of  air  per  brass  worker 
engaged  in  sand  foundry  casting  and  of  3500  cu.  ft.  per  worker  in  rolling- 
mill  casting  (or  similar  shops  where  continuous  pouring  is  practised  in 
foundries  devoid  of  mechanical  ventilation)  is  a  reasonable  standard  for 
structural  dimensions. 

The  mere  provision  of  air  space,  however,  is  no  guarantee  of  satisfac- 
tory productive  and  health  standards.  Adequate  lighting  calls  for  the 
provision  of  window  and  skylight  area  on  a  basis  of  40  per  cent,  of  the 
floor  area,  provided  these  are  properly  located  and  cleaned  at  least 
monthly.  Fume  ^and  dust  generally  decrease  the  average  of  natural 
foundry  illumination  at  the  rate  of  0.0625  to  0.25  per  cent,  daily.  While 
the  height  of  the  side  walls  should  be  governed  by  the  size  of  the 
foundry,  a  minimum  of  15  ft.  is  essential  for  free  natural  ventilation. 

Batteries  of  pivot  center-hung  windows  satisfactorily  meet  the 
requirements  of  both  ventilation  and  light.  Illumination  may  be 
intensified  by  the  substitution  of  wire  glass  for  sections  of  the  usual 
tight-construction  roof  of  the  monitor  or  side  bays.  Flat  wire-glass 
skylights  (hinged  at  the  upper  end  to  permit  of  their  partial  raising) 
will  provide  additional  light  and  ventilation.  The  "hot-house"  glass 
type  of  foundry  construction,  however,  involves  excessive  sun  exposure 
during  8  mo.  of  the  year.  Sawtooth  roof  construction  gives  admirable 
lighting  but  does  not  ensure  satisfactory  removal  of  fume  and  heat. 

Since  a  southern  exposure  offers  excess  sunlight  on  the  molding  floor, 
it  is  well  to  install  offices,  core  rooms,  etc.  on  the  south  side  of  the 
building,  leaving  the  west,  north,  and  east  walls  free  for  lighting  and 
ventilation  of  founding  processes. 

In  sand-casting  operations,  the  ingress  of  fresh  air  must  be  provided 
by  windows;  preferably  pivot  center-hung  and  operated  in  batteries. 
As  too  strong  a  draft  of  air  may  develop  spills,  during  the  cold  months  all 
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doors  should  be  vestibuled  except  in  the  melting  department  and  there 
also  should  be  a  convenient  method  of  floor  control  over  window  openings. 
In  continuous  pouring  processes  there  should  be  a  liberal  provision  of 
side  doors,  as  well  as  horizontally  or  vertically  pivoted  windows.  There 
should  be  an  upward  sweep  of  air  from  or  near  the  level  of  the  floor; 
no  disadvantage  to  the  product  from  chilling  need  be  feared. 

Roop  Ventilation 

While  the  new  type  of  inverted  center  peak  roof  gives  exceptionally 
satisfactory  results,  the  monitor  type  is  still  universally  accepted  as  the 
standard.  The  angle  of  the  roof  peak  should. not  fall  far  below  30**, 
as  the  upward  rush  of  fume  is  easily  checked  and  deflected  by  flattening 
the  apex.  The  width  of  a  monitor  should  be  at  least  15  per  cent,  of  that 
of  the  building  and  20  per  cent,  is  better  as  a  wider  monitor  gives  better 
lighting  facilities.  In  a  monitor  having  a  greater  width  than  20  per  cent, 
there  is  a  probability  of  the  chilling  and  backing  of  zinc  fumes.  The 
height  of  the  side  walls  of  the  monitor  should  never  fall  below  4  ft. 
when  open  slat  louvers  run  its  entire  length. 

Pivot  center-hung  windows  when  installed,  should  run  the  length  of 
the  monitor  and  be  at  least  3  ft.  in  height,  operated  from  the  floor,  and 
so  swung  through  an  arc  of  90°  that  they  may  be  kept  in  a  horizontal 
position  in  clear  weather,  thereby  creating  a  continuous  draft  through  the 
monitor  and  preventing  a  downward  current  of  chilled  air. 

Ordinarily,  the  monitor  runs  the  full  length  of  the  building;  but  a  type 
of  cross-monitor  construction,  above  cross  batteries  of  pit  furnaces  and 
flasks,  has  been  successful  in  preventing  zinc  fumes  from  being  driven  in 
the  faces  of  casters  to  leeward  of  the  prevailing  air  currents. 

However  satisfactory  a  liberal  provision  of  the  cowl  or  siphon  type 
of  natural-draft  ventilator  may  have  proved  for  general  foundry  condi- 
tions, the  evolution  of  zinc  fume  in  the  pouring  of  yellow  brass  requires 
a  freer  roof  ventilation  than  can  be  provided  by  any  of  the  present  models. 
This  does  not  apply  to  individual  installations  over  batteries  of  open- 
flame  tilt  furnaces,  which  are  noted  later. 

Furnaces  and  Hoods 

The  pit  crucible  variety  of  furnace  has  long  been  the  standard  type 
for  the  brass  and  bronze  industries.  Open-flame  oil  and  gas-fired  fur- 
naces, however,  are  now  being  used.  The  chief  hygienic  advantages  of 
the  pit  crucible  are:  The  initial  melting  fumes  are  almost  invariably 
removed  by  the  requisite  chimney  or  stack  draft;  in  tight-roof  foundries 
mechanically  ventilated  hoods  can  be  constructed  above  the  batteries 
of  fires,  ensuring  the  safeguarding  of  the  worker  during  incidental  charging 
and  skimming  processes;  the  brass  (usually  yellow  and  carrying  a  high 
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percentage  of  zinc)  is  poured  direct  from  the  melting  crucible,  thus 
eliminating  the  double  fume  exposure  called  for  in  tilt  furnace  proceases. 
The  chief  disadvantage  of  the  pit  furnace  is  the  radiation  of  excessive 
heat.  This  may  be  overcome  by  a  basement  construction,  which  leaves 
at  least  a  6-f t.  passageway  (ventilated  by  flues  or  windows  direct  to  the 
outer  air)  in  front  of  the  battery  of  fires.  Ashes  can  be  removed  through 
this  basement  and  the  danger  of  a  slow  melt,  from  starved  drafts  depend- 
ent on  working-floor  conditions,  is  avoided. 

Stacks 

The  question  of  adequate  drafts  for  the  pit  furnace  is  governed  by 
the  diameter  and  height  of  the  chimney  and  the  number  of  fires  it  is 
designed  to  carry.  Five  fires  or  less  call  for  a  minimum  stack  diameter  of 
18  in.;  thirty  fires  require  a  minimum  diameter  of  38  in.;  and  forty  fires 
require  a  minimum  of  45  in.  Generally  speaking,  the  height  of  thcstack 
should  be  from  twenty  to  twenty-five  times  the  diameter;  but  adjacent 
buildings  may  make  it  necessary  to  increase  these  figures.  The  chilling 
of  ascending  heated  currents  of  air  by  excessive  height,  however,  is  often 
responsible  for  the  backing  up  of  irritating  and  injurious  fumes. 

The  chilling  of  ascending  air  currents  is  a  greater  handicap  in  the  met&l 
stack  than  the  brick  chimney.  If  preheating  is  necessary,  it  may  be 
accomplished  by  introducing  steam  through  a  cock  situated  near  the 
base  or  by  burning  wood  to  induce  an  up-draft  before  the  actual  fire  is 
laid.  The  jacketing  of  an  unlined  metal  stack  by  means  of  an  outer 
shell,  allowing  about  2  in.  of  air  space  between  it  and  the  circumference, 
will  prevent  chilling  and  backing  of  fumes.  A  firebrick  lining  accomplishes 
the  same  result. 

HooDS 

In  old-type  foundries,  the  installation  of  a  ventilated  metal  hood  over 
the  pit  fires  is  a  safeguard  against  incidental  fumes  and  excessive  he-at. 
The  area  of  the  hood  should  equal  the  area  occupied  by  the  battery  of 
fires  and  the  pit  and  its  lower  edge  should  not  be  more  than  6  ft.  3  in. 
above  the  floor  level.  Straight,  natural-draft  stacks  direct  to  the  outer 
air,  not  less  than  24  in.  in  diameter,  and  in  a  proportion  of  one  to  every 
10  ft.  of  hood  length,  may  be  preferably  employed.  If,  for  structural 
reasons,  the  ventilating  stack  leads  to  the  main  furnace  stack,  elbows 
should  be  avoided  and  the  ventilating  stack  should  enter  the  furnace 
stack  at  an  angle  of  not  more  than  45°.  Fans  and  a  standard  pipe  system 
are  requisite  when  free  roof  ventilation  cannot  be  secured  or  the  location 
of  the  main  stack  does  not  permit  of  satisfactory  connection. 

Where  the  battery  of  pit  fires  is  located  against  an  outer  wall,  center- 
hung  windows,  in  a  proportion  of  one  to  every  five  fires  should  be  provided. 
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Since  air  currents  always  short-circuit  along  the  lines  of  least  resistance, 
free  window  ventilation  or  excess  pull  on  a  ventilating  hood  may  hinder 
the  pit-draft  and  a  slow  melt  result.  This  may  be  prevented  by  the 
basement  type  of  construction  already  rfoted;  or  by  pit  flues  leading  direct 
to  the  outer  air.  A  pit  6  ft.  deep  by  7  ft.  wide  ensures  freedom  from  the 
effects  of  short-circuiting. 

Gratings 

Grating  bars  should  be  set  in  the  frame  and  not  cast,  thereby  avoiding 
warping  and  accident  hazards.  Metal  plates  with  staggered  perfora- 
tions may  be  used;  but  care  must  be  taken  against  starving  the  pit  draft 
by  too  scant  provision  of  openings,  unless  special  flues  are  provided. 
In  continuous  casting  shops,  the  old-fashioned  movable  oak  plank  (in 
spite  of  accident  risk)  is  frequently  employed.  The  basement  corridor 
construction  permits  a  tight  metal  working  floor,  as  the  problem  of  excess 
heat  is  practically  eliminated  and  all  ashes  are  removed  from  below. 

Gas  and   Oil-fed   Furnaces 

The  open-flame  oil  furnace  always  requires  hooding  and  direct  stack 
ventilation  to  the  outer  air.  When  the  roof  construction  prohibits 
natural  draft,  a  deep  hood  and  direct  fan  pull,  unobstructed  by  elbows, 
is  essential  for  the  removal  of  fume  and  heat.  The  practical  separation, 
by  means  of  hooding  or  partial  partition  of  the  melting  from  the  pouring 
process,  is  of  unquestioned  advantage. 

On  a  60-in.  open-flame  oil  furnace,  the  angled,  oblong  bell  of  the  hood 
should  be  at  least  10  ft.  long  by  5  ft.  6  in.  wide  and  installed  at  a  height 
of  not  more  than  6  ft.  6  in.  above  floor  level.  On  a  42-in.  furnace,  the 
hood  should  be  at  least  6  ft.  6  in.  long  by  40  in.  wide.  When  ordinary 
sheet  iron  is  employed,  the  limited  area  upon  which  the  direct  flame  im- 
pinges should  be  reinforced  by  an  inner  skin  preferably  of  ^e-^n.  steel, 
which  can  be  easily  renewed,  thereby  conserving  the  life  of  the  hood. 

The  single  stack  on  the  hood  of  a  42-in.  open-flame  oil  furnace  should 
be  at  least  30  in.  in  diameter;  for  the  hood  of'  a  60-in.  open-flame  oil 
famace,  the  36-in.  stack  is  required.  Where  a  double  stack  is  installed 
over  a  60-in.  furnace,  each  stack  should  be  at  least  22  in.  in  diameter. 
A  height,  over  all,  of  from  six  to  eight  times  the  diameter  of  the  stack 
18  soflicient,  unless  adjoining  buildings  make  an  increased  height  neces- 
sary. Since  the  danger  points  from  brass  fumes  in  skimming  and  initial 
pouring  are  located  within  the  area  protected  by  the  hood,  its  size  and 
ventilating  capacity  are  of  importance. 

The  same  standards  apply  to  tilt  furnaces  in  the  bronze  foundry; 
idieie  the  less  obvious  hazard  of  arsenic  fumes  and  products  of  com- 
bustion may  prove  a  health  menace. 
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Where  a  battery  of  Rockwell  furnaces  is  located  against  an  outer  wall, 
a  hood  or  metal  curtain  should  be  dropped  from  the  roof  over  and  in  front 
of  the  line  to  within  6  ft.  6  in.  of  the  working  platform.  Center-hung 
windows,  in  a  proportion  of  one'  to  each  furnace,  should  be  provided  in 
addition  to  natural  draft  or  revolving  ventilating  hoods  direct  to  the  out€r 
air.  If  the  wall  can  only  be  opened  up  near  the  eaves,  wall  fans  may  be 
installed.  Where  a  dead  wall  exists  but  roof  ventilation  is  possible,  the 
hooded  area  should  be  provided  with  revolving  ventilating  hoods  of  an 
approved  type,  direct  to  the  outer  air.  These  should  be  in  a  proportion 
of  one  to  every  two  furnaces  and  have  a  minimum  diameter  of  48  in. 
Where  natural-draft  stacks  are  employed,  the  same  diameter  is  needed 
and  a  minimum  height  over  all  of  six  to  eight  times  the  diameter. 

WTiere  a  battery  of  furnaces  is  located  in  or  near  the  center  of  the 
workroom,  a  hood  at  least  10  ft.  wide  by  8  ft.  high  should  be  installed 
above  the  entire  tine,  and  dropped  to, within  6  ft.  6  in.  of  the  floor.  The 
ventilating  provisions  should  be  identical  with  those  just  described. 


Ventilating  System 

For  satisfactory  mechanical  ventilation  of  the  tight-roof  foundr>', 
the  cubic  contents  of  the  space  from  which  air  must  be  removed,  as  wdl 
as  the  frequency  of  change  called  for,  should  be  scientifically  computed. 
By  installing  a  well-designed  pipe  system,  with  its  branched  openings 
dropped  to  within  3  ft.  of  the  floor  and  connected  to  a  housed  fan,  a 
steady  change  of  air  every  few  minutes  can  be  maintained  at  a  low 
expense  of  upkeep.  Almost  any  of  the  numerous  bladed  types  of  exhaust 
fans  may  be  used;  but,  generally  speaking,  the  smaller  the  fan  unit,  the 
greater  is  the  total  horsepower  expended  for  the  given  change  of  air. 

In  handling  6000  cu.  ft.  of  air  in  a  t3T)ical  cellar  foundry  20  by  30 
by  10  ft..  Table  1  may  be  taken  as  a  guide.     This  table  shows  the  relative 

Table  1. — Ventilation  Data  for  Small  Cellar  Foundry 


Number  of 
Exhaust  Fan 


Diameter  of  Exhauster 
Inlet,  Inches 


Horsepower  Required 


Cubic  Feet  of  Air  per 

Minute  Delivered  ojr 

Exhauster 


3 

-  —          « 

2.48 

4040 

3H 

20 

3.85 

5750 

4 

mi 

2.24 

5740 

4H 

25?i 

1.71 

6130 

5 

28H 

0.98 

5870 

5H 

31H 

0.65 

5800 

6 

34K 

0.50 

5970 

costliness  of  upkeep,  in  horsepower  expended,  for  a  small  fan  installation. 
Even  when  driven  at  the  higher  speeds,  the  skin  friction  developed  in  too 
small  a  pipe  makes  the  seeming  initial  economy  an  ultimate  financuJ 
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handicap.  A  No.  3  fan  handles  but  4040  cu.  ft.  of  air  per  min.,  with  2.48 
horsepower,  through  a  pipe  having  an  area  of  approximately  l.S  sq. 
ft.,  and  at  a  velocity  of  some  2666  ft.  per  min.  A  No.  6  fan  easily  handles 
5970  cu.  ft.  per  min.,  with  less  than  }^  horsepower,  through  a  pipe  having 
an  area  of  about  6.2  sq.  ft.,  with  a  velocity  of  approximately  962  ft.  per 


mm. 


Table  2  may  be  used  to  determine  the  size  of  the  exhauster  that  will 
most  economically  provide  the  air  change  that  healthful  working 
conditions  demand:    In  the  case  of  a  typical  old-type  foundry  20  by 

Table  2. — Exhaust  Fan  Data 


Number  of 
Exhaust  Fan 


Diameter  of  Exhaneter 
Inlet,  Inches 


Horsepower  Requited 


Cubio  Feet  of  Air  per 

Minute  Delivered  oy 

Exhauster 


1 

3 

mi 

0.13 

1490 

SH 

20 

0.17 

2030 

4                 i 

22?i 

0.22 

2650 

4H 

26H 

0.28 

3360 

5                  ! 

28K 

0.35 

.4150 

5H 

siH 

0.42 

6020 

6 

34H 

0.50 

5970 

30  by  'lO  ft.  containing  6000  cu.  ft.  of  air,  a  No.  3  exhaust  fan  using 
but  0.13  horsepower  will  give  an  approximately  complete  air  change 
every  4  min.  This  4-min.  change  is  a  safe  minimum  standard  for  a 
tight-roof  foundry,  provided  local  skimming-hood  protection  is  provided 
in  addition. 

The  various  fittings  and  acces^ries  must  conform  to  the  standards 
of  the  New  Jersey  Bureau  of  Hygiene  and  Sanitation. 

Local  Skimming  Hoods  and  Working  Platforms 

Yellow-brass  foundries  should  install  local  exhaust  hoods  for  the  re- 
moval of  skimming  fumes;  these  are  connected  to  the  main  exhaust 
system  and  are  usually  dropped  beside  the  brick  or  iron  supports  of  the 
bays.  A  14-in.  pipe  flaring  to  a  24-in.  hood  at  a  point  3  ft.  above  the 
ground,  the -back  of  the  hood  being  dropped  to  the  floor  level  leaving  a 
projecting  half  moon  above  the  crucible,  gives  the  best  results.  An  air 
velocity  of  3000  lin.  ft.  per  min.  should  be  maintained. 

The  bars  of  working  platforms  of  stationary  furnaces  should  be  inset, 
not  cast  in  the  frame.  No  solid  metal  plates  should  be  used,  because  of 
radiated  heat. 

Specifications  for  Exhaust  Systems 

The  faulty  construction  of  blower  systems,  due  to  lack  of  specific 
engineering  standards,  is  the  greatest  handicap  to  satisfactory  fume,  heat, 
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and  dust  removal  in  the  foundry.  The  questions  of  material  and  the 
scientific  coordination  of  all  details  that  will  aid  the  flow  of  air  generated, 
without  increasing  the  cost  of  operation,  must  be  fully  understood  to 
insure  satisfactory  results.  Standard  specifications  are  provided  by  the 
New  Jersey  Bureau  of  Hygiene  and  Sanitation. 

Foundry  Heating 

The  question  of  equalizing  extremes  of  temperature  by  means  of  a 
mechanical  heating  and  ventilating  system  is  of  prime  iniportance  to  the 
employee  and  the  employer  in  the  larger  sand-casting  foundry.  Few  in- 
dustrial health  hazards  are  more  depressing  to  vitality  or  more  psycholog- 
ically and  physically  conducive  to  intemperance  than  the  damp  chill 
of  the  unheated  foundry.  The  prevalence  of  rheumatism  and  respirator}' 
diseases  among  molders  and  casters  is  in  some  measure  due  to  lack  of 
dressing-room  and  washing  facilities;  but  the  prime  cause  for  molders  is 
the  blanket  of  moisture-laden  air  above  the  damp  molding  floor  of  the  one- 
shift  plant,  the  temperature  of  which  is  not  sufliciently  raised  to  ensure 
evaporation  until  pouring  takes  place,  and  then  only  to  a  localized  degree. 

The  best  modem  heating  practice  relies  on  a  forced  system  of  w  arm 
air  diffusion  by  means  of  a  housed  fan  and  pipes.  The  fresh-air  mipply 
is  drawn  from  the  outside  over  a  bank  of  steam  coils,  put  through  the 
fan,  and  then  delivered  through  ducts  to  various  points  within  a  few 
feet  of  the  floor  level.  By  this  means  the  coldest  foundry  may  be  heated 
in  zero  weather  within  from  J^  hr.  to  1  hr.,  the  cold  air  in  the  foundrj^ 
being  rapidly  displaced  by  the  volume  of  heated  outside  air  circulated 
by  the  fan.  During  preliminary  heating  the  fan  can  be  speeded  to  its 
maximum  delivery;  but  as  soon  as  a  sufficient- temperature  has  been 
reached,  its  normal  speed  can  be  resumed  and  maintained. 

In  addition  to  the  advantage  of  placing  the  heated  air  at  practically 
the  floor  level,  this  method  permits  thermostat  control.  By  this  means 
the  amount  of  steam  supplied  through  the  heating  coils  can  be  automat- 
ically regulated;  so  that  the  temperature  can  be  kept  within  2**  of  the 
desired  standard  (55°)  regardless  of  the  outdoor  temperature  or  the  negU- 
gence  or  whims  of  any  person.  The  necessity  for  guarding  against  the 
freezing  of  the  molding  sands  dictates  the  maintenance  of  a  safe  minimum 
temperature  at  all  hours  during  extreme  weather. 

Artificial  Lighting 

Foundry  work  is  generally  reckoned  (in  standard  lighting  codes) 
as  requiring  from  2  to  4  foot-candles.  Whenever,  owing  to  weather 
conditions  or  structural  defects,  natural  light  falls  below  this  intensity, 
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artificial  lighting  must  be  used  and  may  be  roughly  reckoned,  with  a 
good  overhead  system,  on  a  basis  that  1  foot-candle  (spherical)  per 
square  foot  of  floor  area  will  produce  an  illumination  of  about  3  foot- 
candles.  A  code  of  lighting  has  been  prepared  by  the  Bureau  of  Elec- 
trical Equipment,  New  Jersey  Dept.  of  Labor. 

The  advantages  of  a  good  modem  tungsten-lamp  equipment  in  the 
foundry  are:  Increased  production,  greater  accuracy  in  workmanship, 
reduced  accident  hazard,  reduction  of  eye  strain,  reduction  of  labor  turn- 
over due  to  more  cheerful  surroundings,  lessening,  of  fatigue  and  shop 
friction,  promotion  of  good  housekeeping,  and  improved  facilities 
for  superintendence  and  inspection.  Owing  to  prevailing  smoke  and  dust 
exposure,  the  lighting  equipment  deteriorates  at  the  rate  of  0.0625  to 
0.25  per  cent,  daily.  As  in  the  case  of  windows  and  skylights,  a  regular 
follow-up  system  of  cleaning  should  be  maintained. 

Floors  and  Gangways 

The  value  of  materials  handled  in  the  brass  and  bronze  foundry 
does  not  permit  a  sand  molding  floor.  Cement  is  more  popular  than  brick 
with  the  workers,  and  metal-plate  gangways  are  frequently  adopted. 
Belgian  brick  makes  a  satisfactory  molding  floor.  A  layer  of  sand 
insulates  the  brick  against  incidental  hazard  from  molten  metal,  and 
the  sand  can  be  easily  collected  and  renewed  when  its  periodical  recovery- 
treatment  for  valuable  content  becomes  necessary. 

To  avoid  accident,  it  is  essential  to  guard  against  excess  moisture  on 
all  cement  and  metal-plate  surfaces;  and  to  set  a  minimum  standard  of 
5  ft.  for  all  main  gangways  along  which  the  ladles  must  travel. 

Flask  Racks 

Where  small  sized  standard  products  are  habitually  handled,  the  use 
of  rows  of  fixed  metal  racks,  or  horses,  upon  which  the  flasks  may  be  laid 
before  pouring,  conserves  the  physical  efficiency  of  the  molder,  by  the 
resulting  saving  in  foot-pounds  of  energy  ordinarily  expended  in  stoop- 
ing to  the  flow-level. 

Pattern  Shop 

All  dust  and  refuse  material  produced  by  woodworking  machinery 
in  the  pattern  shop  should  be  removed  by  an  exhaust  system,  con- 
structed in  accordance  with  standard  specifications,  and  provided  with  a 
device  for  injecting  steam  into  the  pipes  to  extinguish  any  blaze.  Not 
only  the  conservation  of  health,  but  lessening  of  fire  hazards  dictate 
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such  an  installation.     (See  Standards  of  the  New  Jersey  Bureau  of 
Hygiene  and  Sanitation.) 

Core  Ovens 

No  type  of  oven,  whether  of  the  drawer  or  revolving-table  variety, 
is  always  fume-tight  during  filling  and  discharging  operations.  Even 
though  the  oven  is  equipped  with  reasonably  effective  exhaust  ventila- 
tion, a  mechanically  ventilated  hood  should  be  installed  above  the  work- 
ing doors.  The  hood  should  be  of  the  same  width  as  the  core  oven;  and 
where  only  one  set  of  doors  or  drawers  is  used,  may  be  of  the  half-moon 
type  overhanging  the  side  where  fumes  are  detected.  A  5-in.  ventilating 
pipe  through  which  an  air  velocity  of  1000  lin.  ft.  per  min.  is  maintained 
is  sufficient  to  care  for  every  5  ft.  of  oven  width. 

Where  the  core  ovens  are  installed  in  a  double-ended  battery,  worked 
on  both  sides,  a  hood  should  be  suspended  over  the  entire  installation 
and  mechanically  ventilated  by  means  of  5-in.  pipes  in  the  proportion  of 
one  to  every  25  sq.  ft.  of  hood.  If  natural-draft  ventilation  is  relied 
upon,  the  ventilating  pipe  should  run  direct  to  the  outer  air,  or  enter  an 
adiacent  stack  at  an  angle  not  to  exceed  45^.  The  diameter  of  such  a 
pipe  should  be  at  least  14  in.  to  every  25  sq.  ft.  of  hood  area. 

Tumbling  Barrels 

All  barrels  should  be  equipped  with  exhaust  pipes  of  the  proper  pro- 
portions. A  minimum  diameter  of  4  in.  is  essential,  and  the  suction 
generated  may  vary  from  1  to  2  in.  (static  method)  according  to  the  char- 
acter of  the  dust. 

Buffing,  Polishing,  and  Grinding 

All  dust  generated  in  the  process  of  buffing,  polishing,  and  grinding 
should  be  removed  by  an  exhaust  system  constructed  in  accordance  with 
the  details  given  in  Table  3.  A  satisfactory  balance  must  be  maintained 
between  the  air  exhausted  and  the  supply  admitted  to  take  its  place. 
Ingress  openings  should  be  at  least  three  times  the  area  of  the  egress 
openings.  If  evenly  distributed,  and  if  the  air  is  admitted  over  warm 
steam  coils  in  winter,  a  fairly  draftless  ventilating  system  can  be  main- 
tained. Wheels  of  a  special  type  may  require  larger  pipe  sizes  than 
those  indicated.  (See  Standards  New  Jersey  Dept.  of  Labor).  Steel 
safety  hoods  or  some  other  approved  safety  device  should  be  installed  on 
solid  grinding  wheels. 

All  emery  belts  should  be  equipped  with  exhaust  pipes,  the  size  of 
which  must  be  determined  by  the  width  and  operation  of  the  emer}' 
belts. 


\ 
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Table  3. — Size  of  Branch  Pipes  for  Buffing,  Polishing,  and  Grinding 

Wheels 


Duunetor  of  Wheeb,  Inches 

Sise  of  Branch  Pipe  for 

IU<  Wheels,  Inohee 

Hard  Wheels,  Inches 

6  or  less 

3.0 

3 

7  to  12 

4.0 

7  to  16 

4 

13  to  16 

4.5 

17  to  24 

5.0 

5 

25  to  30 

6.0 

6 

Proportions  op  Exhaust  Fan  and  Piping 

The  inlet  of  the  exhaust  fan  should  be  at  least  20  per  cent,  greater  in 
area  than  the  combined  areas  of  the  several  connections  to  the  hoods, 
and  this  increase  should  be  carried  proportionately  in  the  main  pipe 
throughout  the  entire  trunk  line.  The  piping  on  the  outlet  of  the  ex- 
hauster should  also  be  at  least  20  per  cent,  greater  in  area  than  the  com- 
bined areas  of  the  several  connections  to  the  hoods.  The  main  trunk 
line  should  be  provided  with  suitable  cleanouts  not  more  than  10  ft. 
apart,  and  the  end  of  the  main  trunk  line  should  be  blanked  off  with  a 
removable  cap  placed  on  the  end. 

Test 

Sufficient  suction  head  should  be  maintained  in  each  branch  pipe 
within  15  in.  of  the  hood  to  displace  2  in.  of  water  in  a  U-shaped  tube. 
The  pressure  is  to  be  taken  by  pressing  the  tube  attachment  over  the 
small  oi>ening  through  the  pipe,  commonly  called  the  static  method. 
Tests  are  to  be  made  with  all  branches  open  and  unobstructed. 

Sand-blast  Rooms  and  Apparatus 

Sand-blast  cabinets  should  be  provided  with  reasonably  dust-tight 
flaps  or  similar  protective  device  over  the  two  openings  through 
which  the  workers'  hands  must  be  inserted  and  should  be  mechanic- 
ally exhausted  by  means  of  at  least  a  3  or  3)^^-in.  pipe  connected  to  a 
fan  syBtem,  through  which  a  linear  air  velocity  of  at  least  2000  ft.  per 
min.  is  maintained.  If  a  cover  of  fine  wire  gauze  protects  the  back  of 
the  glass  window  through  which  the  operative  watches  his  work,  the  glass 
wiU  not  become  clouded  by  the  abrasive  action  of  the  sand.  Working 
gauntlets  should  be  provided  and  all  parts  of  the  cabinet  kept  in  repair 
to  guard  against  leaks. 

On  larger  work  and  that  which  requires  cleaning,  the  commercial 
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types  of  mechanically  exhausted  sand-blast^barrels  and  rotary  tables 
are  both  sanitary  and  satisfactory. 

When  the  character  of  work  handled  is  of  too  great  a  size  to  permit 
the  employment  of  the  rotary  table,  only  the  most  approved  make  of 
air-tight  and  mechanically  exhausted  sand-blast  room  should  be  installed. 
It  is  essential  that  in  addition  to  the  overhead  fresh-air  supply,  the  floor 
be  provided  with  a  grating  and  be  exhausted  by  means  of  a  powerful 
down  pull  and  that  the  operative  be  provided  with  special  clothing  and 
a  helmet.  In  an  eiOicient  equipment  the  air  of  the  room  is  completely 
changed  every  6  sec. 

Babbitt  and  Lead  Alloys 

As  the  lead  content  of  white-metal  bearing  alloys  may  run  as  high 
as  90  per  cent.,  the  control  of  the  health  hazards  involved  in  their  pro- 
duction is  serious.  Scientifically  speaking,  there  is  no  hazard  from  lead 
fume,  as  the  temperature  of  the  kettles  is  never  allowed  to  run  high 
enough  to  cause  actual  volatilization  of  the  lead.  The  danger  of  lead 
poisoning  is  from  the  oxides  that  form  on  the  surface  of  the  molten  metal, 
and  are  scattered  as  impalpable  dust  by  every  draft,  or  by  the  operation 
of  charging  and  skimming. 

When  pig  lead  is  habitually  used,  the  health  of  the  worker  may  be 
protected  by  means  of  a  mechanically  exhausted  crescent-shaped  hood 
installed  at  the  back  of  the  kettle.  This  open-shield  hood  covers  from 
33J^  per  cent,  to  50  per  cent,  of  the  rear  of  the  kettle,  leaving  the  working 
side  free.  It  is  ventilated  at  its  base  by  a  pipe  connected  to  a  fan,  and 
the  minimum  pull  of  1000  lin.  ft.  per  min.  is  sufiicient  to  induce  a  steady 
air  current  away  from  the  worker. 

When  scrap  lead  is  used  and  when  old  bearings  are  melted  out,  etc., 
a  tight  exhaust  hood  is  necessary;  also  extra  cleanliness  should  be  observed 
on  the  part  of  the  workers.  In  all  lead-kettle  processes,  metal  recep- 
tacles should  be  used  for  skimmings  and  no  lead  materials  should  be 
allowed  to  accumulate  on  the  working  floors. 

Dipping 

No  fumes  caused  by  metal  dipping  in  acid  or  alkali  solutions  should  be 
permitted  to  contaminate  the  air  of  the  workroom.  They  should  be 
promptly  removed  at  the  point  of  origin  by  means  of  a  boxlike  duct 
installed  at  the  back  of  the  crocks  commonly  used.  This  duct  should  be 
constructed  of  wood  or  metal.  The  main  duct  should  have  a  cross- 
sectional  area  at  least  equal  to  one-half  the  combined  areas  of  exhaust 
openings.  The  bottom  of  main  duct  should  be  7  in.  wide;  the  front  should 
incline  at  an  angle  of  115°  to  the  bottomi.  Exhaust  openings  with  an 
area  equal  to  25  per  cent,  of  the  area  of  the  liquid  giving  off  the  fumes 
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should  be  located  as  near  the  point  of  origin  of  the  fumes  as  the  nature  of 
the  work  will  permit.  A  velocity  of  air  of  1000  lin.  ft.  per  min.  should 
be  generated  in  each  exhaust  opening.  If  sheet  metal  is  used  in  the  con- 
struction of  the  duct,  an  acid-resisting  paint  should  be  used  to  prevent 
corrosion.  The  exhaust  fan  should  be  treated  with  acid-resisting  paint 
to  prevent  corrosion.  Floor  gratings  l^hould  be  provided  and  rubber 
gloves  for  the  operatives. 

Plating 

It  is  essential  that  a  system  of  mechanical  ventilation  ensure  freedom 
from  stagnant  air  in  the  plating  room.  This  may  be  accomplished 
by  means  of  wall  fans,  when  the  tanks  are  located  near  the  side  of  the  room; 
or  by  overhead  hoods  mechanically  exhausted;  or  with  ventilating  stackS; 
when  the  plating  operations  are  carried  on  in  the  middle  of  a  department. 
A  natural-draft  hood,  to  be  effective,  should  only  depend  on  a  stack  or 
stacks  direct  to  the  outer  air,  in  a  proportion  of  a  square  12-in.  stack 
to  every  36  sq.  ft.  of  hood  area.  Wooden  gratings  should  always  be 
provided  in  the  plating  room  and  rubber  gloves  should  be  provided  for  the 
operators. 

Enamels  and  Lacquers 

The  solvents  for  the  pyroxylin,  which  forms  the  basis  for  the  lacquers 
and  enamels  used  on  metal-finishing,  are  not  only  highly  inflammable 
but  poisonous  to  those  exposed  to  their  fumes.  Wood  alcohol,  benzol, 
amylacetate,  amylalcohol,  volatile  ketones,  and  acetone  are  (except  the 
last  two)  admitted  to  be  injurious  to  all  who  breathe  them. 

The  fumes  evolved  during  dipping  or  spraying  should  be  controlled 
at  their  point  of  origin.  Mechanically  exhausted  spray  booths  are  now 
in  the  market,  or  may  be  "home  made;"  but  the  only  type  that  should  be 
chosen  is  one  with  an  overhung  top  and  a  sufficient  fan  pull  on  the  ex- 
hauster to  ensure  an  air  motion  of  at  least  2000  lin.  ft.  per  min.  As  the 
fumes  are  heavy,  the  exhaust  vent  should  be  at  the  back  of  the  booth  and 
on  a  level  with  the  face  of  the  operative.  If  a  second  exhaust  opening  is 
required  on  large  work,  a  down  pull  through  a  bottom  grating  will  be 
found  more  satisfactory  than  an  overhead  equipment. 

A  balanced  supply  of  fresh  air  should  be  admitted  to  the  lacquering 
department.  This  should  pass  over  steam  coils  in  winter,  so  as  not  to 
unduly  lower  the  temperature  of  the  room. 

Washing,  Toilet,  and  Dressinq-room  Facilities 

Standards  have  been  adopted  for  washing,  toilet,  and  dressing-room 
facflities  by  the  New  Jersey  Department  of  Labor. 
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[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  At  the 
New  York  meeting.  February,  1919,  when  an  abstract  of  the  paper  will  be  read.-  If  this  is  impossible 
then  discussion  in  writins  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers.  29  West 
39th  Street;  New  York,  N.  Y..  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1919.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Use  of  Manganese  Alloys  in  Open-hearth  Practice* 

BT  SAMUEL  L.   HOTT,t  E.   M.,    PH.,    MINNEAPOLIS,   MINN. 
(New  York  Meeting,  February,  1919) 

The  present  report  represents  that  part  of  the  work  that  has  been 
done  by  the  War  Minerals  Investigation,  Manganese  Section,  of  the 
Bureau  of  Mines,  on  the  use  of  manganese  alloys  in  open-hearth  practice. 
The  magnitude  of  the  work  and  the  number  of  people  participating  in 
one  way  or  another  make  it  difficult  to  acknowledge  adequately  the 
services  of  all  who  have  contributed  to  the  success  of  the  work.  It 
would  be  amiss,  however,  to  pass  to  the  body  of  the  report  without 
mentioning  the  hearty  cooperation  and  willingness  to  assist  of  the  various 
manufacturing  interests.  With  such  a  sympathetic  attitude  toward 
this  investigation,  our  work  was  assured  of  success.  Inasmuch  as  the 
unhappy  circumstances  that  rendered  this  investigation  necessary  have 
now  passed,  this  report  is  made  in  the  hope  that  the  results  may  prove 
of  some  permanent  value  to  the  peace-time  operation  of  our  open-hearth 
industry. 

Broadly  speaking,  the  purpose  of  the  manganese  investigation  was 
to  consider  the  most  suitable  means  of  utilizing  our  domestic  supply 
of  manganese  and  thus  relieve,  to  the  maximum  extent  possible,  our 
shipping  of  the  burden  of  importing  manganese  ores.  It  was  not  held 
that  any  decided  shortage  of  manganese  was  imminent  but  rather  that 
every  legitimate  means  should  be  utilized  for  making  our  ship  tonnage 
available  to  European  service.  While  we  have  considerable  metallic 
manganese  in  this  country,  it  occurs  largely  as  a  low-grade  mixture 
with  iron  or  silica  or  with  both.  The  open-hearth  investigations,  therefore, 
were  carried  on  to  determine  the  extent  to  which  domestic  or  low-grade 
alloys  could  properly  be  substituted  for  high-grade  alloys  without  materi- 
ally impairing  the  steel  production  as  to  either  quality  or  quantity. 
Also,  it  was  held  that  such  an  investigation  would  yield  valuable  results 
to  the  steel  industry  as  well  as  contribute,  in  no  small  way,  toward 
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directing  future  investigations  in  the  same  field.  To  the  practical  steel 
manufacturer,  especially  to  him  who  felt  no  immediate  concern  about 
a  manganese  shortage,  these  last  two  points  appeared  to  have  a  special 
significance.  Another  and  quite  obvious  portion  of  the  problem  lay 
in  the  determination  of  the  relative  manganese  conservation  of  the  dif- 
ferent practices,  although  any  decided  relief  would  more  likely  come 
from  the  other  direction. 

It  was  recognized  at  the  start  that  considerable  experience  along 
our  lines  of  attack  had  been  gained  at  individual  plants  and  that  a 
compilation  and  digest  of  such  results,  supplemented  possibly  by  our 
own  investigations,  would  be  the  quickest  method  of  approach.  This, 
to  a  certain  extent,  controlled  the  selection  of  the  actual  steel  plants 
at  which  it  was  desired  to  carry  out  the  detailed  investigations. 

The  evolution  of  the  details  of  a  definite  experimental  program 
from  the  statement  of  the  general  problem,  considering  the  time  element 
and  the  many  and  varied  factors  involved,  was  not  lightly  undertaken 
nor  worked  out  without  due  consideration  of  competent  metallurgical 
advice.    After  a  preliminary  survey,  it  seemed  important  to  determine  the 
conditions  in  open-hearth  practice  that  would  lead  to  a  conservation  of 
manganese,  both  during  the  working  of  the  heat  and  in  making  the  final 
additions;  the  most  satisfactory  metallurgical  conditions  for  the  use 
of  manganese  in  the  form  of  low-grade  or  special  alloys;  and  the  effect 
on  the  finished  steel,  as  to  both  quality  and  "condition,"  of  the  various 
methods  and  processes  studied.    With  these  points  in  mind,  steel  plants 
were  selected  in  which  investigations  bearing  on  one  or  more  of  these 
points  could  be  carried  out.     To  accomplish  this,  it  was  decided  to 
determine  slag,  and  metal  compositions  during  the  refining  of  the  heat 
and  to  observe  the  temperature  each  time  a  sample  was  taken,  the  latter 
to  determine,   if  possible,  the  temperature  effect.    The  recovery  of 
manganese  was  to  be  determined  from  the  residual  and  final  manganese 
contents  and  the  weight  of  the  metal.     To  this  end  we  took  a  sample 
of  the  finished  steel,  during  teeming.     By  taking  samples,  at  the  begin- 
ning, toward  the  middle,  and  at  the  end  of  teeming,  we  were  able  to  test 
for  non-uniformity.     This  practice  was  generally  observed  throughout 
the  investigation.     The  data  secured  were  also  supplemented  by  the 
plant  records  covering  the  heats  in  question  as  well  as  by  our  own  ob- 
servations made  during  refining,  pouring,  and  teeming. 

When  planning  the  steps  that  should  be  taken  to  determine  the 
quality  and  condition  of  the  steel,  it  was  found  that  no  definite  and 
well-proved  method  that  could  be  adopted  was  available.  True,  the 
open-hearth  melter  knows  whether  his  heat  is  in  proper  condition  but 
we  needed  a  quantitative  estimate  of  "condition."  Without  attempt- 
ing to  enter  upon  a  discussion  of  the  physical  chemistry  of  a  heat  of 
molten  steel,  we  may  say  that  the  condition  of  a  heat  of  steel  must 
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depend,  aside  from  the  temperature,  on  the  composition  of  the  steel  in 
those  substances  that  affect  the  condition.  Of  these  there  are  two 
kinds:  (1)  those  that  promote  "openness,"  or  the  gases,  which  may 
be  classified  as  gases  that  are  products  of  bath  reactions,  which  so 
far  as  we  know  are  CO  and  possibly  COs,  and  gases  that  are  absorbed 
from  the  furnace  gases,  such  as  H,  N,  CO,  and  COs;  and  (2)  sub- 
stances that  promote  "soundness,"  such  as  the  reducing  and  solidi- 
fying agents,  C,  Mn,  Si,  AI,  etc.  In  general,  it  is  held  that  Mn,  Si, 
and  Al  inhibit  the  chemical  reactions  producing  CO  by  reducing  (or 
partly  reducing)  the  principal  constituent  that  produces  the  reaction, 
FeO.^  The  reduction  of  FeO  is  the  principal  means  of  "settling  up" 
the  liquid  steel  and  it  is  for  this  reason  that  Mn  is  added  in  the  finals. 
It  is  also  held  that  Si  and  Al  produce  solidity  in  the  finished  steel,  aside 
from  reducing  FeO  and  CO,  either  by  keeping  the  hydrogen,  nitrogen, 
etc.,  in  solid  solution  or  by  preventing  the  dissociation  of  the  compounds 
of  those  elements  and  iron. 

The  obvious  procedure  to  get  a  quantitative  estimate  of  the  condition 
of  the  steel,  considering  both  the  behavior  of  the  molten  metal  and  the 
character  of  the  ingot,  would  be  to  determine  the  amounts  of  the  constitu- 
ents in  each  of  these  two  groups  and  to  weigh  qne  set  against  the  other. 
Even  this  procedure  would  not,  at  present,  lead  to  results  which  could  be 
interpreted  with  entire  confidence,  even  though  there  were  no  uncertain- 
ties in  the  analytic  methods,  inasmuch  as  we  do  not  know  the  quantita- 
tive effect  of  each  constituent  either  by  itself  or  when  a8socid.ted  with 
other  constituents  in  varying  amounts.  In  view  of  this  uncertainty 
(lack  of  fundamental  data),  it  was  decided  to  make  the  analyses  and  use 
the  results  in  a  qualitative  way,  at  least,  to  compare  the  different  prac- 
tices investigated. 

Functions  of  Mangane&b 

During  such  a  critical  period  as  that  which  has  now  passed,  the  ques- 
tion might  be  raised  as  to  the  possibility  of  eliminating  manganese  from 
steel  making.  This  point  was  considered  but  it  was  at  once  held  that  the 
use  of  manganese  is  not  merely  an  expedient,  one  for  which  some  substi- 
tute might  readily  be  made,  but  one  of  the  basic  requirements  of  suc- 
cessful, present-day,  steel  works'  practice.  It  is  quite  true  that  in  many 
cases  the  actual  amount  of  manganese  used  in  a  heat  of  steel  is  greater 
than  the  purely  metallurgical  considerations  would  call  for  and  any 
excess  that  might  be  used  may  well  be  considered  as  so  much  wasted. 

The  first  function  of  manganese,  broadly  considered,  is  to  refine  and 


1  In  this  statement  only  the  metal  bath  is  considered  and  it  is  held  that  FeO,  and 
not  FeiOj,  Is  in  solution  in  the  steel.  According  to  this  idea,  reducing  action  on  a  slag 
containing  FetOi  will  produce  FeO,  part  of  which  will  enter  the  steel  to  react  later 
with  C,  Mn,  and  other  reducing  agents  present* 
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"settle  up*'  the  molten  bath  of  steel.     The  aim  is  to  put  the  metal  in  a 
proper  condition  for  pouring  and  to  produce  ingots  (or  castings)  of  the 
desired  quality  and  texture.     While  manganese  is  not  the  most  efficient 
element  that  can  be  used  for  this  purpose,  calculated  from  the  heat  of 
combustion  of  the  element  to  its  oxide,  it  is  the  most  satisfactory  on 
account  of  the  excellent  condition  (freedom  from  objectionable  foreip 
inclusions)  in  which  it  leaves  the  bath.     The  theoretical  amount  of 
manganese  required  might  possibly  be  calculated  from  the  amount 
of  oxygen  converted  from  the  active  form  FeO  to  the  inactive  form  MnO. 
Assuming  an  oxygen  content  of  0.075  per  cent,  in  the  unsettled  steel  and 
of  0.015  per  cent,  in  the  finished  steel  (oxygen  by  the  Ledebur  method), 
the  amount  of  manganese  used  in  this  way  will  be  0.2  per  cent.*    The 
amount  of  manganese  required  very  naturally  will  vary  with  the  condi- 
tion of  the  bath  and,  in  order  to  insure  eflScient  "deoxidation,"  will  be 
somewhat  in  excess  of  the  calculated  amount.     A  well-made  heat  of 
steel  will  probably  not  require  more  than  0.35  per  cent,  of  manganese. 
Manganese  is  also  desirable  in  steel  to  improve  the  rolling  properties, 
in  which  capacity  it  appears  to  serve  a  dual  purpose.     First,  the  manga- 
nese deoxidizes  and  refines  the  molten  steel  in  such  a  way  as  to  give  ingots 
of  the  desired  texture  without  robbing  the  steel  of  its  hot-working  prop- 
erties.    Such   ingots   may  be   rolled   into  finished  shape  without  the 
formation,  in  excessive  amount,  of  fissures  or  of  surface  defects.    Other 
reducing  agents,  such  as  aluminum,  silicon,  etc.,  are  prone  to  leave  the 
metal  in  a  poor  condition  for  rolling  and  forging;  while  they  eliminate 
one  cause  of  hot  shortness,  iron  oxide,  they  fail  to  convert  the  sulfur  into 
a  harmless  form,  as  does  manganese,  and  leave  behind  their  highly 
refractory  oxides,  both  of  which  tend  to  produce  poor  rolling  qualities. 
Second,  manganese,  by  retarding  the  rate  of  coalescence,  or  grain  growth, 
renders  steel  less  sensitive  to  the  effects  of  the  high  rolling  temperatures 
and  is  supposed  to  promote  plasticity,  at  least  in  ordinary  st^s,  at  roll- 
ing temperatures.     Silicon  and  aluminum,  on  the  other  hand,  increase, 
rather  than  decrease,  the  grain  size  of  steel.     The  amount  of  manganese 
required  in  this  capacity  probably  does  not  exceed  0.35  per  cent,  in  well- 
made  steel.     Finally,  manganese  is  desired  in  the  finished  steel  to  secure 
certain  physical  or  mechanical  properties  or  to  make  the  steel  more 
amenable  to  subsequent  heat  treatment. 

^  The  writer  is  informed  by  the  Bureau  of  Standards  that  such  a  calculation  \s 
premature,  due  to  our  lack  of  knowledge  on  the  subject  of  deoxidation  and  the  faulti- 
ness  of  the  Ledebur  determinations.  However,  it  would  seem  to  the  writer,  from  the 
work  done  at  the  Bureau  of  Standards  ("A  Critical  Study  of  the  Ledebur  Method  for 
Determining  Oxygen  in  Iron  and  Steel"  by  J.  R.  Cain  and  Earl  Pettijohn)  that  the 
amount  of  oxj'^gen  determined  is  the  amount  present  as  FeO  (active  form)  subject 
possibly  to  an  error  due  to  partial  reduction  of  CO  during  the  determination.  At  any 
rate,  the  above  is  advanced  as  at  least  the  first  approximation  of  the  amount  of  man- 
ganese required  simply  for  destroying  the  ferrous  oxide  present  in  the  bath. 
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V 


Manganese  is  a  very  valuable  element  to  the  steel  industry  and  its 
use  cannot  lightly  be  dispensed  with.  It  is  true  that  material,  such  as 
American  Ingot  Iron,  can  be  successfully  rolled  even  though  no  manga- 
nese is  added,  but  greater  time  and  care  are  required.  Also,  even  though 
higher  carbon  steels  with  low  manganese  can  be  as  successfully  rolled, 
it  would  be  impossible,  in  so  far  as  we  now  know,  to  secure  a  satisfactory 
substitute  for  manganese,  which  is  abundant  in  this  country,  to  perform 
all  three  functions.' 

Manganese  conservation,  viewed  from  this  angle,  will  best  be  secured 
by  eliminating  the  manganese  specification  except  in  case  the  amount  of 
manganese  present  in  the  finished  steel  has  some  definite  bearing  on  the 
properties  or  heat  treatment  of  the  steel.  In  other  words,  whenever  only 
casting  and  rolling-mill  practice  (plant  problems)  are  involved,  the  steel 
man  should  be  allowed  to  exercise  his  own  judgment  as  to  the  amount  of 
manganese  that  should  be  used  to  give  the  most  satisfactory  and  econom- 
ical practice  and  the  finish  and  quality  of  the  product  should  be  con- 
trolled by  adequate  inspection.  On  the  basis  of  Mr.  EUicott's  figures  in 
Iron  Age  for  June  6,  1918,  by  reducing  the  manganese  requirements  by 
0.2  per  cent,  in  making  plates  and  shapes  and  other  low-carbon  steel 
(estimated  tonnage  21,350,000),  54,000  tons  of  80  per  cent,  ferrpmanga- 
nese  could  be  saved. 

RECOlfMENDATIONS  FOR  UTILIZATION   OF  DOMESTIC   AlLOYS 

As  a  result  of  this  investigation,  it  is  advanced  that  there  are  three 
practices  for  utilizing  our  domestic  alloys  in  open-hearth  practice  that 
commend  themselves;,  they  are  as  follows,  but  not  in  the  order  of  their 
importance. 

1.  The  use  of  a  molten  spiegel  mixture  for  deoxidation  and  recarburi- 
zation. 

2.  The  practice  of  melting  and  refining  the  steel  bath  so  as  to 
secure  a  comparatively  high  residual  manganese  content,  about  0.3  per 
cent,  manganese. 

3.  The  use  of  manganese  alloys  containing  silicon. 

In  selecting  plants  for  investigating  these  practices,  two  points  were 
kept  in  mind.  The  plant  should  have  either  *'  ordinary  "  practice,  for  the 
sake  of  comparison,  or  else  one  of  .the  three  just  mentioned  and  the 
product  or  kind  of  steel  made  should  be  representative  of  the  larger 
tonnages,  such  as  shell  steel,  plates,  sections,  etc. 


'  It  is  interesting  to  note  that  manganese,  coming  in  the*periodic  system  between 
iron  and  the  strengthening  elements  on  one  side  and  the  hardening  elements  on  the 
other,  serves  the  dual  capacity  of  strengthening  and  hardening  steel,  which  is  not  done 
by  any  other  element. 
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Molten  Spiegel  Mixture  Practice 

The  practice  has  been  adopted,  at  a  few  plants,  of  combining  in  one 
operation  both  recarburization  and  deoxidation  by  using  a  mixture  of 
pig  iron  and  spiegel,  which  has  been  premelted  in  a  cupola.  This  molten 
Spiegel  mixture  contains  from  5  to  11  per  cent,  manganese,  4  per  cent. 
carbon,  and  the  desired  amoimt  of  silicon,  and  is  added  to  the  ladle 
during  the  tapping  time  in  such  a  way  as  to  get  a  thorough  and  uniform 
mixture  of  the  two  streams. 

The  principal  advantages,  not  considering  questions  of  plant  and 
operating  economy,  are:  A  low-grade  or  domestic  alloy  can  be  used  in 
the  preparation  of  the  mixture.  The  deoxidation  is  accomplished  by 
means  of  a  dilute  solution  with  a  consequent  increase  (on  theoretical 
grounds)  of  the  efficiency  of  the  deoxidizer;  this  point  will  receive  fur- 
ther consideration  later.  The  deoxidizer  is  added  in  the  molten  state, 
securing  thereby  the  attendant  advantages  of  this  practice,  which  will 
be  considered  at  greater  length.  The.  amount  of  the  recarburizer  is 
comparatively  large  and  the  capacity  of  the  plant  is  materially  (and 
economically)  increased  thereby;*  this  is  an  advantage  if  a  large  steel 
output  is  desired.  Compared  to  the  usual  practice  of  adding  carbon  and 
manganese,  there  should  be  less  likelihood  of  missing  a  heat. 

This  practice,  at  least  at  the  plant  visited  and  it  is  understood  to  be 
the  same  elsewhere,  is  limited  to  the  manufacture  of  the  high-Carbon 
steels,  or  those  running  0.30  per  cent,  carbon  or  above.    To  make  steels 
with  0.20  per  cent,  carbon  would  require  the  working  of  the  carbon  to 
about  0.10  per  cent,  carbon  and  the  molten  addition  would  have  to 
contain  about  20  per  cent,  manganese  (spiegel).    The  amount  of  the  addi- 
tion would  be  reduced  from  13,000  lb.  (5896  kg.)  to  about  4000  lb.  (1814 
kg.)  which  would  mean  that  some  of  the  advantages  just  enumerated 
would  decrease  in  weight  and  with  the  increased  loss  of  manganese  would 
probably  mean  that  the  practice  would  no  longer  be  commercially  feasi- 
ble.    However,  when  the  other  alternative,  that  is,  the  use  of  ferroman- 
ganese,  either  solid  or  liquid,  is  considered,  the  practice  of  premeltmg 
spiegel  in  the  cupola  would  seem  to  commend  itself  as  worthy  of  consid- 
eration.    In  case  of  undue  shortage  of  high-grade  ferromanganese,  there 
can  be  no  doubt  but  that  the  practice  would  offer  a  ready  solution  of  the 
problem  of  using  domestic  alloys  in- making  steel  for  shapes,  plates,  etc. 
Against  the  increased  cost  of  production,  compared  to  cold  ferroman- 
ganese practice,  there  would  be  the  greater  uniformity  of  the  product  and 
the  more  uniform  practice. 

^  There  is  some  doubt  as  to  the  propriety  of  i&cluding  the  fourth  as  an  advantage 
of  this  particular  practice.  The  use  of  pig  iron  as  a  recarburizer  may  be  accomplished 
in  other  ways  with  the  same  economy  and  increase  in  plant  capacity. 
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High  Residual  Manganese  Practice 

At  certain  plants  the  practice  of  preferential  oxidation  and  elimina- 
tion of  carbon  and  phosphorus  has  been  .developed  by  means  of  which 
the  residual  manganese  ^is  kept  at  a  comparatively*  high  value — about 
0.25  to  0.30  per  cent.,  as  compared  to  0.10  per  cent,  manganese,  for  a 
final  carbon  content  of  0.10  per  cent.  This  is  accomplished,  broadly 
speaking,  by  rapidly  removiug  the  phosphorus  and  retaining  it  as  stable 
calcium  phosphate  during  the  earlier  and  colder  period  of  melting,  ^by 
maintaining  a  high  finishing  temperature  and  working  the  charge  witlx  a 
high  manganese  content  so  that  the  slag  contains  about  8  per  cent,  man- 
ganese, and  by  increasing  the  lime  content  of  the  slag  to  about  47  per 
cent,  as  a  minimum. 

This  practice  possesses  undoubted  advantages  but  they  are  probably 
best  appreciated  by  those  who  have  developed  the  practice  and  have  it 
in  operation  on  a  sound  commercial  basis.  First  of  all,  correctly  applied^ 
it  leads  to  the  production  of  high-grade  and  uniform  steel,  which  means 
increased  rolling-mill  practice,  fewer  rejections,  and  a  more  ready  market. 
This  is  largely  due  to  the  fact  that  the  steel  is  made,  where  it  should  be 
made,  in  the  furnace.  A  second  advantage  is  derived  from  the  high  MnO 
and  CaO  contents  of  the  slag;  manganese  finals  can  be  added  to  the  furnace 
with  a  recovery  that  compares  favorably  with  that  of  ladle  additions.  A 
third  advantage  is  that  the  same  pig  iron  used  for  the  charge,  which  con- 
tains appreciably  more  manganese  than  ordinary  basic  iron,  can  be  used 
to  recarburize  and  partly  deoxidize  the  bath;  the  remainder  of  the  man- 
ganese is  added  as  ferromanganese.  At  a  steely  plant  that  operates  in 
conjunction  with  a  blast-furnace  plant,  a  harmonious  and  economical 
cycle  of  plant  operations  is  made  possible.  At  the  same  time  the-  open- 
hearth  slag  can  be  resmelted  in  the  blast  furnace  for  the  recovery^of  the 
iron  and  manganese  and  the  utilization  of  the  lime. 

This  practice  is  largely  dependent  on  the  amount  of  phosphorus  in 
the  slag,  for  it  would  not  be  worth  while  to  recover  the  manganese  at  the 
expense  of  imduly  increasing  the  phosphorus  content  of  the  pig  iron. 
In  this  country  we  are  fortunate  in  having  a  large  amount  of  quite  low- 
phosphorus  ore  available.  No  definite  figure  can  be  given  as  to  the  maxi- 
mum allowable  phosphorus  content  of  the  pig  iron,  but  it  is  the  opinion 
of  at  least  one  steel  man  who  followed  this  practice  that  0.6  per  cent, 
phosphorus  would  not  be  prohibitive. 

Under  the  conditions  that  prevailed  during  the  past  year,  this  prac- 
tice possessed  the  additional  advantages  that  high-manganese  pig  iron 
could  be  secured  by  smelting  domestic  manganif erous  iron  ore  and  that 
the  manganese  alloy  added  to  the  furnace  at  the  end  of  the  heat  could 
as  well  be  spiegel  as  ferromanganese,  assuming  that  the  finished  steel 
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contains  above  about  0.10  per  cent,  carbon.  This  would  not  be  without 
its  disadvantages,  one  in  particular  being  that  the  carbon  content  of  the 
bath  would  have  to  be  worked  to  a  lower  figure  than  in  present  practice. 
On  account  of  the  high  cost  of  spiegel  and  the  greater  time  required,  it 
is  doubtful  whether  the  steel  plants  will  substitute  spiegel  for  ferroman- 
ganese.  Another  point  in  connection  with  the  possibility  of  utilizing 
domestic  manganif  erous  iron  ore  is  that  low  silica  ore  can  be  added  to  the 
slag  as  a  source  of  manganese  oxide. 

The  high  manganese  content  of  the  charge  is  generally  secured  by 
using  a  high-manganese  pig  iron,  that  is  2  or  3  per  cent,  of  manganese; 
but  it  may  also  be  secured  by  adding  manganese  ore  to  the  slag  or  man- 
ganese alloys  to  the  bath  or  by  a  combination. of  these  methods.    This 
point  would  be  determined  by  plant  economy  but  it  seems  doubtful 
whether  the  practice  would  be  worth  while  unless  a  high-manganese  pig 
iron  were  available.^    The  loss  of  this  manganese,  by  which  is  meant  its 
oxidation  and  transference  to  the  slag,  is  quite  great.     This  loss  may  be 
kept  at  a  minimum  by  increasing  the  basicity  of  the  slag  in  CaO  and 
FeO,  which,  combined  with  the  MnO  which  also  acts  as  a  base,  exert  the 
desired  effect  on  the  manganese  of  the  bath.     As  the  working  of  the  charge 
progressess,  its  temperature  rises  until  finally,  with  the  high  CaO,  and 
particularly  MnO,  content  of  the  slag,  the  carbon  is  eliminated  more 
rapidly  than  the  manganese,  with  the  result  that  the  manganese  can  be 
held  to  about  0.3  per  cent,  at  the  end  of  the  heat.     Present  data  indicate, 
unfortunately,  that  no  material  decrease  in  the  amount  of  manganese 
required  and  no  material  increase  in  the  recovery  of  manganese  in  the 
additions  may  be  expected,  so  that  the  advantages  are  derived  not  from 
a  decreased  consumption  but  from  the  form  in  which  it  can  be  added. 
Data  for  one  such  heat  showed  that  a  total  of  3728  lb.  (1690  kg.)  of  man- 
ganese were  used  in  one  form  or  other  to  produce  1217  lb.  (552  kg.)  of 
manganese  in  the  finished  steel;  or  in  other  words  that  3.06  lb.  (1.38kg.) 
of  manganese  were  used  to  produce  1  lb.  of  manganese  in  the  finished 
steel.     The  manganese  added  in  the  recarburizer  and  ferromanganese 
amounted  to  1068  lb.  (484  kg.)  of  which,  assuming  the  manganese  loss 
to  come  from  these  two  sources,  838  lb.  (380  kg.)  were  recovered  in  the 
finished  steel,  a  recovery  of  78.4  per  cent.     In  this  heat  the  ferromanga- 
nese was  added  to  the  furnace.     Another  heat  selected  at  random,  but 
more  representative  of  standard  practice,  used  2190  lb.  (993  kg.)  of 
manganese  to  produce  1200  lb.  (544  kg.)  of  manganese  in  the  finished 
steel,  or  1.82  lb.  (0.8  kg.)  of  manganese  (as  compared  to  3.06  lb.)  to 
produce  1  lb.  of  manganese  in  the  finished  steel. 


^  The  writer  is  informed  by  one  blast-furnace  superintendent  that  running  the 
manganese  up  to  2  per  cent,  does  not  materially  affect  the  production,  so  that  lowering 
of  pig-iron  production  would  not  be  held  as  a  disadvantage  in  this  practice. 
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Open-hearth  Investigations 

Open-hearth  investigations,  in  which  standard  practice  will  be  com- 
pared to  molten  spiegel  practice  and  high  residual  manganese  practice, 
will  be  described  later  after  more  complete  analytic  results  have  been 
received . 

Use  op  Manganese-silicon  Alloys 

The  high  silica  content  of  most  of  our  domestic  manganese  and  man- 
ganiferous  iron  ores  made  it  advisable  to  consider  the  possible  use  of 
manganese-silicon  alloys  in  steel  making,  in  both  acid  and  basic  prac- 
tice. For  the  purposes  of  the  present  discussion,  these  alloys  will  be 
divided  roughly  into  two  classes,  high-grade  silico-manganese  contain- 
ing about  50  per  cent,  manganese  and  25  per  cent,  silicon,  and  low-grade 
silico-spiegel  with  about  15  to  20  per  cent,  silicon  and  30  to  35  per  cent, 
manganese  with  50  per  cent.  iron.  The  manganese-silicon  ratio  of  the 
first  alloy  is  about  2  and  of  the  second  alloy  varies  from  2}.i  to  IJ^.  Both 
of  these  alloys  contain  very  little  carbon.  The  high-grade  alloys  would 
be  made  from  the  siliceous  manganese  ores  of  California  and  Montana, 
and  the  low-grade  alloys  from  the  siliceous  manganiferous  iron  ores  of 
Minnesota. 

While  there  is  nothing  new  about  the  practice  of  using  manganese- 
silicon  alloys  in  steel  making,^  it  may  be  well  to  review  some  of  the  points 
connected  therewith  in  the  light  of  present  requirements.  Silicon  is 
always  an  efficient  reducing  or  settling  up  agent  when  in  the  customary  small 
amounts,  but  it  may  or  may  not  be  desirable  in  the  finished  steel.  On 
this  account  the  possibility  of  using  manganese-silicon  alloys  depends 
on  the  amount  of  silicon  that  can  be  tolerated  in  the  finished  steel  in 
the  ingot  form.  In  certain  grades  of  steel,  particularly  in  steel  that  must 
be  welded,  silicon  should  be  low  or  practically  absent.  In  steel  for  sheets 
and  plates,  which  must  give  a  good  finished  surface,  most  efficient  rolling- 
mill  practice  requires  that  the  silicon  be  kept  tolerably  low,  but  it  is 
believed  that  from  0.10  to  0.15  per  cent,  could  be  used  provided  the  man- 
ganese were  not  too  high.  In  forging  steel,  high-carbon  steels,  and  cast- 
ings, where  the  aim  is  to  produce  sound  steel,  more  silicon  can  be  used, 
or  between  0.20  and  0.35  per  cent.  Of  these  three  fields,  the  last  is  the 
one  where  manganese-silicon  alloys  will  find  their  first  application.  In 
the  second  field,  it  seems  quite  probable  that  conditions  (to  be  discussed 
later)  will  many  times  permit  their  use;  but  from  the 'very  nature  of 
things  manganese-silicon  alloys  cannot  be  used  to  make  steels  of  the 
first  group^ 

*  It  is  understood  that  "silico-manganese''  has  been  used  fairly  extensively  in 
Europe,  and  in  this  country  it  was  used  at  certain  plants  as  standard  practice  until 
the  supply  was  cut  off  by  the  war. 
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Manganese-silicon  Alloys  in  Acid  Practice 

It  is  with  considerable  diffidence  and  hesitation  that  the  discussion  of 
manganese-silicon  alloys  in  open-hearth  practice  is  approached,  particu- 
larly as  the  controversial  character  of  many  of  the  points  is  so  clearly 
recognized.  So  it  may  be  well,  at  the  outset,  to  state  briefly  the  maimer 
in  which  the  writer  became  interested  in  the  possibiUties  of  their  use. 
A  number  of  years  ago,  he  was  conducting  a  series  of  experiments  on  the 
occurrence  and  identification  of  foreign  inclusions  in  acid  open-hearth 
steel,  principally  ordnance  steel.  In  this  work  ferromanganese,  ferro- 
silicon,  and  a  mixture  of  ferromanganese  and  ferrosilicon  were  added 
to  a  steel  sample  taken  shortly  after  "oreing,"  that  is  to  "wild"  steel, 
in  an  attempt  to  produce  an  excess  of  the  constituent,  or  constituents, 
that  were  supposed  to  form  as  a  result  of  the  addition.  It  seemed  fairly 
clear  as  a  result  of  this  work  that  the  use  of  silicon  was  apt  to  be  dangerous, 
not  on  account  of  any  harmful  effect  of  the  residual  metallic  silicon  but 
because  it  produced  a  constituent  (assumed  to  be  Si02  or  at  least  a  highly 
refractory  silicate)  that  was  very  likely  to  remain  in  the  ingot  and  pro- 
duce hot  shortness.  This  suggested  the  idea  that  a  manganese-silicon 
alloy  might,  and  probably  would,  form  a  manganese  silicate  containiag 
some  ferrous  oxide  (a  true  slag)  that  would  be  fluid  and  more  readily 
coalesce  into  larger  particles  than  Si02,  and,  therefore,  would  free  itself 
more  readily  from  the  steel.  By  using  such  an  alloy,  it  would  be  possible 
to  take  full  advantage  of  the  use  of  silicon  as  a  deoxidizer  without  suf- 
fering its  usual  attendant  disadvantages.  None  of  the  manganese- 
silicon  alloy  was  available  at  the  time,  so  a  parallel  experiment  could  not 
be  conducted. 

Aside  from  the  possibility  of  securing  a  better  separation  of  the  in- 
soluble products  of  the  deoxidation  process,  it  was  assumed  as  likely, 
from  the  fact  that  binary  alloys  are  known  to  be  generally  more  active, 
or  powerful,  than  the  weighted  sum  of  the  two  constituents  would  indi- 
cate, that  the  alloy  of  manganese  and  silicon  would  prove  to  be  a  more 
powerful  reducing  agent  than  ferromanganese  and  ferrosilicon  used  sepa- 
rately. On  reflection  the  thought  occurs  that  manganese  and  silicon, 
reacting  separately  with  FeO,  would  produce  the  oxides  MnO  or  SiOi, 
which  may  or  may  not  form  a  solution  of  MnO  and  FeO  or  a  silicate  of 
iron.  Manganese  and  silicon  reacting  as  an  alloy  with  FeO  would  pro- 
duce a  silicate,  of  manganese,  which  may  or  may  not  form  a  double  sili- 
cate with  FeO.  In  either  case  we  would  expect  to  find  the  advantage  in 
favor  of  the  manganese-silicon  alloy.  The  relative  weight  of  the  silico- 
manganese  and  the  ferromanganese  plus  ferrosilicon  mixture  will  be 
considered  elsewhere. 

Another  point  of  great  technical  importance  is  the  percentage  recovery 
of  manganese  when  added  as  silico-manganese  and  as  ferromanganese 
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along  with  ferrosilicon.  First  of  all  let  it  be  stated  that  a  100  per  cent, 
recovery,  based  on  the  present  theory  of  deoxidation,  is  hardly  possible; 
and  if  possible  would  not  be  desirable.  It  would  mean  a  retention  of 
the  products  of  the  deoxidation,  to  be  determined  later  as  metallic 
manganese  and  silicon.  A  method  of  addition  that  would  lead  to  a 
satisfactory  deoxidation  and  yet  would  eliminate  the  loss  due  to  admix- 
ture with  the  slag,  volatilization,  etc.  and  could  be  accomplished  with 
the  minimum  amount  of  manganese,  would  be  very  desirable  because 
it  would  lead  to  both  conservation  of  manganese  and  uniformity  of 
composition  of  the  steel.  The  first  of  these  points  would  be  given  by 
the  actual  value  of  the  percentage  recovery  of  the  manganese  and  the 
second  by  the  constancy  of  the  percentage  recovery. 

Fortunately,  the  writer  was  able  to  examine  records  of  heats  made 
with  silico-manganese  covering  a  period  of  several  years,  from  which 
some  fairly  satisfactory  conclusions  may  be  drawn  bearing  on  these 
points.  During  this  time  when  silico-manganese  was  being  used  there 
w'ere  periods  when  the  alloy  was  not  available  and  the  ferromanganese 
plus  ferrosilicon  mixture  had  to  be  substituted.  This  afforded  a  direct 
comparison  of  these  two  methods  of  deoxidation.  Certain  results 
taken  from  the  heat  records,  and  which  are  believed  to  be  typical,^ 
are  given  in  Table  1.    Approximately,  the  silico-manganese  contained 


Table  1. — Silico-manganese  vs.  Ferromanganese  +  Ferrosilicon 


Heat 


A 
B 
C 
D 
£ 


F 

G 

H 

I 

J 


PeSi. 
Pounds 


FeMn. 
PoiindB 


SiMn. 
Pounds 


Total 
Charge, 
Pounds 


Per 
Cent. 


Mn, 

Per 

Cent. 


Per 
Cent. 


Mn 
Added, 
Pounds 


Mn 

Recovered, 

Pounds 


1 

160 

300 

■  a  ■ 

31,160 

0.26 

215 

400 

■   ■  • 

40,766 

0.21 

160 

310  !  ... 

30,620 

0.32 

160 

300  1  ... 

30,910 

0.27 

215 

400 

•  •  ■ 

40,865 

0.24 

0.56 
0.57 
0.63 
0.70 
0.72 


Per  Cent. 
Reoovery 


0.294 

240 

174 

0.306 

320 

232 

0.312 

248 

193 

0.318 

240 

216 

0.312 

320 

294 

1 
I 

40 

470 

41,010*0.22 

0.58 

0.308 

281 

238 

1 

1  ••  • 

35 

350  30,685  0.26 

0.60 

0.302 

214 

184 

40 

470  40,960  0.21 

0.64 

0.310 

281 

261 

40 

470  '  40,510,0.21  -0.66 

0.308 

281 

267 

40 

420  1  36,760  0.24  0.68 

0.310 

255 

250 

72.5 
72.5 
77.8 
90.0 
91.8 


84.7 
86.0 
93.0 
95.0 
98.0 


53  per  cent,  manganese  and  20  per  cent,  silicon;  the  ferromanganese, 
80  per  cent,  manganese;  and  the  ferrosilicon,  50  per  cent,  silicon.  The 
residual  manganese  was  neglected  in  calculating  recoveries. 


'  It  is  obvious  that  the  variation  in  heat  composition  and  average  manganese 
recovery  of  several  years'  practice  cannot  be  given  by  this  table.  The  records  show 
greater  uniformity  for  the  silico-manganese  heats. 
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It  can  hardly  be  claimed  for  these  figures,  or  for  the  3  years'  records 
they  represent  with  reasonable  accuracy,  that  they  furnish  a  truly 
scientific  basis  of  comparison  of  the  two  alternate  practices,  but  they 
do  show  that  the  same  results  (manganese  and  silicon  contents  of  the 
finished  steel),  by  using  silico-manganese,  can  be  obtained  with  con- 
sistently smaller  amounts  of  both  manganese  and  silicon,  as  compared 
to  the  combination  of  ferromanganese  and  ferrosilicon.  In  addition 
there  is  the  advantage  of  having  a  more  uniform  practice,  which  in 
itself  would  warrant  smaller  additions.  The  weights  of  the  additions 
favor  the  silico-manganese;  thus  in  heats  A  and  D,  460  lb.  (208  kg.)  and 
in  heat  C  470  lb.  (213  kg.)  were  added  as  compared  to  385  lb.  (174  kg.) 
for  G;  and  in  B  and  E,  615  lb.  (278  kg.)  were  added  as  compared  to 
510  lb.  (231  kg.)  in  F,  H,  and  I.  The  low  carbon  content  of  the  silico- 
manganese  may  or  may  not  be  a  material  advantage  but  it  is  in  favor 
of  the  single  alloy  addition  because  the  carbon  need  not  be  worked  as 
low  and  there  seems  to  be  less  danger  of  missing  the  carbon. 

Manqanese-silicon  Alloys  in  Electric-furnace  Practice 

No  information  is  available,  to  the  writer,  bearing  on  the  use  of  these 
alloys  in  electric-furnace  practice,  but  we  may  at  least  consider  such  a 
possibility  on  the  basis  of  their  known  behavior.  Considering  acid 
casting  practice  first,  there  seems  to  be  no  reasonable  doubt  but  that 
either  silico-manganese  or  silico-spiegel  could  be  at  once  substituted 
for  ferromanganese  and  ferrosilicon.  Inasmuch  as  the  usu^l  aim  is 
to  make  high-grade  castings,  the  manganese-silicon  alloys  would  appear 
to  have  the  distinct  advantage  of  making  sounder  and  cleaner  steel. 
Silico-spiegel,  aside  from  possessing  the  theoretical  advantage  of  being 
diluted  with  iron,®  could  be  more  readily  prepared  with  the  correct 
manganese-silicon  ratio  so  as  to  eliminate  the  use  of  an  additional  alloy. 
The  uncertainty  of  our  knowledge  as  to  the  relative  behavior  of  the 
manganese-silicon  alloys  as  compared  to  the  ferroalloys,  and  the  relative 
efficiency  of  low-grade  and  high-grade  alloys,  as  well  as  the  importance 
of  this  step  in  the  manufacture  of  steel,  suggest  the  advisability  of 
conducting  a  definite  research  to  settle  the  points.  It  would  seem 
that  there  is  no  better  place  for  such  a  Research  than  in  this  particular 
industry. 

In  basic  electric-furnace  practice  the  manganese-silicon  alloys,  on 
the  same  grounds,  could  likewise  be  utilized,  particularly  as  the  attempt 
is  always  to  produce  sound  and  clean  ingots.  However,  in  this  practice, 
ferrosilicon  is  used  as  a  reducing  agent  along  with  coke  and  hence  the 


*  In  this  practice  the  advantage  of  greater  dilution  need  not  carry  with  it  the  dis~ 
advantage  of  increased  weight  on  account  of  the  higher  temperature  of  the  electric 
furnace. 
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operator  would  probably  not  see  any  advantage  in  changing  his  practice 
in  favor  of  the  manganese-silicon  alloys. 

Manganese-silicon  Alloys  in  Basic  Open-hearth  Practice 

The  amount  of  information  available  on  the  use  of  silico-manganese 
in  basic  open-hearth  practice  is  very  meager,  but  it  can  be  said  that 
silico-manganese  would  probably  be  as  satisfactory  as  ferromanganese 
and  ferrosilicon.  Through  the  cooperation  of  one  steel  plant,  we  were 
able  to  follow  two  shell-steel  heats  made  with  silico-manganese,  which 
was  added  to  the  ladle.  The  second  of  these  heats  is  given  here  to  show 
what  was  done.  To  11,100  lb.  (5034  kg.)  of  molten  pig  iron  in  the  ladle 
were  tapped  122,340  lb.  (estimated)  (55,492  kg.)  of  steel  analyzing 
C,  0.09,  P,  0.012,  Mn,  0.15,  S,  0.033,  Si,  0.02.  At  the  same  time  1000  lb. 
(453  kg.)  of  silico-manganese  (50  per  cent,  manganese),  300  lb.  (136  kg.) 
of  70  per  cent,  ferromanganese,  12  lb.  (5  kg.)  of  aluminum,  and  50  lb. 
(22  kg.)  of  coal  were  added  to  the  ladle.  The  heat  was  in  excellent 
condition  and  the  ingots  had  smooth  even  ^ops  and  displayed  no  super- 
ficial action  or  evolution  of  gas.  The  final  analysis  was  C,  0.44,  P,  0.028, 
Mn,  0.58,  S,  0.041,  and  Si,  0.21.  The  recovery  of  manganese,  assuming 
the  entire  loss  to  come  from  the  alloy  added,  was  77.5  per  cent.;  the  re- 
covery of  silicon  was  65.1  per  cent.  Only  24  lb.  (10  kg.)  of  carbon, 
or  5  per  cent,  of  the  total,  was  lost.  In  the  first  heat,  which  was  thought 
to  be  more  highly  oxidized,  the  recovery  of  silicon  was  only  58  per  cent., 
while  the  recovery  of  manganese  was  73.4  per  cent.  This  indicates 
that  silicon  protects  manganese  in  oxidized  heats. 

It  was  our  intention  to  follow  two  more  heats  made  by  catching  the 
carbon  coming  down  and  by  adding  the  silico-manganese  to  the  furnace 
just  before  tapping,  but  this. has  not  as  yet  been  done. 
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Preparation  and  Use. — Magnesite  is  an  important  refractory  in  open- 
hearth,  heating,  and  electric  furnaces  for  steel-making  and  in  many  of 
those  employed  in  the  metallurgy  of  copper  and  lead.  It  is  sold  in  the 
form  of  brick,  finely  ground  ''furnace  magnesite"  for  brick-laying,  and 
dead-burned  grains  for  making  and  repairing  furnace  bottoms.  The 
latter  are  a  mixture  of  granules  varying  in  size  from  pieces  of  about  ^ 
in.  (1.6  cm.)  diameter  to  very  fine  but  sandy  particles.  Dead-burned 
magnesite  results  from  calcining  the  crude  or  lightly  burned  mineral 
at  a  temperature  that  will  not  merely  drive  off  practically  all  the  CO2, 
but  will  also  cause  sintering  of  the  particles.  During  this  process  the 
pieces  shrink  considerably  and  become  hard,  dense,  and  inert  to  atmos- 
pheric moisture  and  COi;  under-burned  material,  on  the  other  hand, 
will  hydrate  on  exposure  to  the  air.  A  small  percentage  of  ferric  oxide 
seems  to  be  necessary  for  the  production  of  a  satisfactory  sinter;  from 
4.5  to  8  per  cent,  in  the  dead-burned  grains  is  considered  the  most 
desirable  amount. 

Dolomite  has  been  little  used  for  brick-making  in  the  United  States, 
but  it  is  prepared  for  use  in  the  granular  condition  calcined  or  "double- 
burned"  and  is  the  principal  ingredient  of  several  materials  offered  for 
sale  under  various  trade  names  for  refractory  purposes.  Dolomitic  re- 
fractories are  almost  wholly  confined  to  the  open-hearth  and  electric 
furnaces,  where  they  are  used  for  fettling  and  as  substitutes  for  magnesite. 

Much  more  magnesite  and  dolomite  are  used  for  basic  open-hearth 
steel-making  than  for  all  other  refractory  purposes.  The  hearth  of  the 
furnace  is  usually  built  up  of  magnesite  brick  and  dead-burned  grain 
magnesite  so  laid  that  the  brick  base  is  protected  by  a  working  bottom 
of  the  granular  material.  The  latter  is  sintered  into  place  in  layers  1  to 
2  in.  (2.5  to  5  cm.)  thick  to  a  total  depth  of  12  to  18  in.  (30  to  45  cm.) 
at  the  center  of  the  furnace.  After  each  heat,  burned  dolomite  is  thrown 
against  the  banks  as  high  as  it  will  stick,  and  all  holes  in  the  bottom  are 
filled.    At  most  plants  such  holes,  at  the  end  of  each  week,  are  also 

♦  Kesearch  Department,  Harbison- Walker  Refractories  Co. 
t  FeDow,  Mellon  Institute. 
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carefully  filled  with  dead-burned  grain  magnesite.  For  temporary 
patching  dolomite  is  generally  used  as  it  sets  more  quickly  than  magnesite 
and  its  first  cost  is  less. 

Prior  to  1914,  the  world's  supply  of  refractory  magnesite  came  almost 
wholly  from  the  crystalUne  deposits  of  Austria-Hungary.  Its  superiority 
hes  in  its  high  refractoriness  and  long  range  of  vitrification,  which  enable 
it  to  frit  together  at  high  temperatures  without  fusion  or  excessive 
softening.  These  properties  are  imparted  by  a  fairly  high  content 
of  iron  oxide,  together  with  an  extremely  low  percentage  of  harmful 
impurities.  The  dead-burned  Austrian .  magnesite  sold  in  the  United 
States  had  the  following  range  of  analysis:  MgO,  83.7  to  87.3  per  cent.; 
CaO,  1.9  to  3.9  per  cent.;  SiOj,  1.1  to  4.1  per  cent.;  Fe208  and  AljOi,  4.7 
to  8.6  per  cent.  With  the  cessation  of  shipping  from  Austria,  magnesite 
was  imported  from  Greece  and  Canada,  domestic  deposits  were  developed, 
and  as  a  temporary  expedient  dolomite  was  substituted  for  magnesite 
where  practicable.  The  deposits  of  this  country  are  now  developed 
sufiiciently  so  that  an  adequate  supply  is  available  and  ample  reserves 
are  blocked  out  to  last  many  years.  Table  1  shows  the  great  expansion 
of  domestic  production  since  1914.  All  figures  are  reduced  to  a  calcined 
basis,  assuming  2  T.  of  crude  magnesite  equal  to  1  T.  of  calcined. 

Table  1. — Total  Magnesite  Consumption  of  United  States  on  a  Calcined 

Basis 


1013 

1914 

1015 

1016 

1917 

Imported,  net  tons 

Domestic,  net  tons 

173,719 
4,816 

128,494 
5,646 

51,458 
15,250 

46,941 

77,487 

19,093 
158,419 

Total,  tons 

178,535 

134,140 

66,708 

124,428 

177,512 

At  the  beginning  of  the  war,  the  refractory  manufacturers  were 
crippled  by  a  lack  of  calcining  facilities,  since  the  Austrian  material 
had  been  imported  in  the  calcined  condition.  The  low  iron  content  of  the 
available  magnesite  caused  additional  difficulties.  In  order  to  confer 
the  proper  sintering  and  bonding  properties,  it  became  necessary  to  add 
iron  oxide  and  to  incorporate  it  thoroughly  by  burning  at  an  extremely 
high  temperature.  Magnesite  thus  treated,  if  sufficiently  low  in  harmful 
impurities,  is  a  high-grade  refractory  and  has  given  conspicuously  satis- 
factory service. 

Grecian  Deposits. — These  deposits  are  of  the  amorphous  type  and 
had  been  operated  on  a  large  scale  for  many  years  but  their  output 
was  rapidly  increased  after  the  war  began.  Considerable  magnesite  was 
imported  from  Greece  in  1915  and  1916,  but  shipments  were  suspended 
late  in  the  latter  year.     Much  of  it  is  of  exceptional  purity,  as  shown  by 
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the  following  typical  analyses  of  crude  rock;  though  some  of  the  imported 
material  was  very  high  in  CaO  and  SiOs,  due  doubtless  to  improper  selec- 
tion at  the  mines.  The  percentage  of  impurities  after  calcination  will  be 
practically  double  these  figures  on  account  of  the  loss  of  CO2. 

Analyses  of  Crude  Maqnesite  from  Greece 

SiOj 0.67  0.46  1.19  1.63  2.28 

AlsOsand  FesOi...  0.30  0.50  0.43  1.36  0.19 

CaO 0.92  1.24  0.80  1.44  1.66 

MgO 46.06  46.22  45.83  45.76  44.78 

Ignition]oss 62.16  61.61  60.42  49.88  49.76 

100.11        99.93        98.67       100.06        98.57 

Magnesite  of  Grenville  District,  Quebec. — This  magnesite  is  white  to 
grayish;  finely  crystalline,  and  high  in  lime  due  to  dolomitic  inclusions. 
Wilson,*  in  1917,  estimated  that  there  were  in  sight  a  little  under  700,000 
T.  in  the  deposits  of  the  district  containing  less  than  12  per  cent, 
lime  (equivalent  to  over  20  per  cent,  lime  when  burned).  It  has  been 
stated  that  when  calcined  and  mixed  with  furnace  slag  or  dead-burned 
with  iron  ore,  the  Canadian  magnesite  has  given  satisfactory  service 
in  furnace  bottoms.*  However,  the  leading  refractory  manufacturers 
prefer  the  purer  mineral  of  California  and  Washington,  and  endeavor 
to  maintain  the  CaO  content  below  4  per  cent,  in  the  dead-burned  material. 
During  the  period  of  greatest  scarcity  of  magnesite,  the  Canadian 
product  was  utilized  by  several  companies  in  the  manufacture  of  magnesia 
brick  as  a  minor  constituent  of  the  mix,  but  this  practice  has  probably 
been  entirely  abandoned.  It  is,  however,  being  employed  for  the  pro- 
duction of  dead-burned  grain  magnesite,  by  sintering  with  iron  oxide 
in  rotary  kilns. 

Califcmia  Magnesite. — This  magnesite,  which  is  of  the  amorphous 
type,  is  found  at  many  places.  It  occurs  in  the  form  of  veins,  lenses, 
and  stockwork  in  serpentine;  the  deposits  are  usually  small.  The  largest 
and  most  important  are  those  near  Porterville,  Tulare  Co.,  and  St.  Helena, 
Napa  Co.  Prior  to  1914,  about  10,000  T.  were  being  produced  annually, 
hence  the  mines  had  not  become  sufficiently  developed  or  equipped  to 
produce  large  tonnages  before  the  summer  of  1916.  Transportation  was 
a  serious  problem  in  the  rainy  seasons,  as  nearly  all  of  the  deposits  are 
a  number  of  miles  from  the  railroad  and  hauling  to  the  cars  is  done  by 
means  of  trucks.  Variations  in  quality  at  first  caused  the  users  con- 
siderable difficulty.  It  was  often  hard  to  keep  the  silica  and  lime  contents 
within  the  proper  limits,  due  to  the  impurity  of  some  deposits  and  the 

'  M.  E.  Wilson:  Magnesite  Deposits  of  Grenville  District,  Quebec.  Canad.  Dept. 
of  Mines  Memoir  98  (1917)  52. 

» A.  Stansfield:  Iron  and  CoahTr.  Rev,  (Jan.  12,  1917)  94,  31. 
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lack  of  uniformity  in  the  tenor  of  others^  as  well  as  to  the  common 
inexperience  of  the  operators.  Most  of  these  difficulties  were  gradually 
lessened  and  in  1917  the  production  had  risen  to  211,663  net  tons  of 
crude  magnesite.'  In  the  meantime,  a  considerable  number  of  calcining 
plants  had  been  erected  near  the  mines,  in  order  to  give  the  rock  a  light 
burning  before  shipment.  Since  a  loss  in  weight  of  about  50  per  cent. 
occurs  in  this  burning,  a  material  saving  in  freight  resulted.  Recently 
the  California  production  has  fallen  off,  due  to  the  competition  of  the 
larger  and  less  expensively  operated  deposits  of  Washington.    The  first 

Typical  Analyses  or  Californian  Cbuoe  Magnesitb 

SiO, 3.25  6.18  1.10  3.86  1.55 

Fe,Oi  and  A1,0. 2.20  .    1.10  0.40  0.80  0.45 

CaO 1.25  3.34*  Trace  2.04  1.38 

MgO 43.87  41.92  46.64  43.47  45.68 

COj 49.63  48.78  61.20  49.48  60.97 

100.10  100.32  99.24  99.66  100.03 

analysis,  which  is  uncommonly  high  in  iron  for  magnesite  of  this  type, 
is  representative  of  a  unique  deposit  near  St.  Helena,  Napa  Co. 

Magnesite  Deposits  of  Washington. — These  deposits  have  become  a 
most  important  factor  in  the  market  since  their  discovery  in  1916;  715 
tons  of  crude  rock  were  mined  and  shipped  in  the  latter  part  of  that 
year,  and  105,175  tons  were  produced  in  1917.  The  mineral  is  finely  to 
coarsely  crystalline  and  shows  many  variations  in  color  from  white  to 
gray,  pink,  red,  and  black.  Mining  is  done  by  both  open-quarry  and 
underground  methods.  It  is  reported  that  diamond  drilling  at  the  Finch 
Quarry  of  the  Northwest  Magnesite  Co.  has  proved  the  existence  of  more 
than  1,000,000  T.,  and  that  on  more  than  one  of  the  properties  an 
estimate  of  1,000,000  T.  within  200  ft.  of  the  surface  is  reasonable.^ 
Prior  to  the  erection  of  calcining  plants  at  the  properties  many  thousand 
tons  of  crude  rock  had  been  shipped  in  which  the  silica  content  was 
uniformly  below  3.5  per  cent,  and  lime  less  than  1.5  per  cent.  The 
analyses  given  below  are  typical. 

Typical  Analyses  of  WAsmNOTON  Magnebitb 

SiO, 1.9  3.3  4.3  0.6 

Fe,Oi  and  AliOg 1.0  1.0  0.8  1.2 

CaO 1.7  1.4  1.1  0.5 

MgO 46.2  44.8  46.0  46.4 

Co, 49.7  49.3  49.6  61.0 

99.5        99.8        100.7        99.7 

*C.  G.  Yale  and  It.  W.  Stone:  Magnesite  in  1917.    Mineral  Resources  of  tX$ 
United  States,  1917  (1918),  Ft.  2,  65. 
Yale  and  Stone:  Op.'cit, 
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Calcination  is  now  being  done  near  the  quarries,  and  dead-burned 
magnesite  for  refractory  use  to  which  iron  oxide  is  added  during  manu- 
facture is  being  produced  in  rotary  kibis.  The  material  as  marketed  by 
one  producer  has  the  following  average  analysis:  MgO,  82.5  per  cent.; 
CaO,  3.4  per  cent.;  SiOj,  6.5  per  cent.;  FejOj  and  AliO«,  7.25  per  cent.; 
loss  on  ignition,  0.5  per  cent. 

Dolomittc  Refractories. — Prior  to  the  war  few  basic  bottoms  had  been 
built  of  dolomite,  which  was  little  used  except  for  temporary  patching  and 
the  fettling  between  heats..  Since  1914,  however,  calcined  dolomite  and 
specially  prepared  dolomitic  materials  have  been  common  substitutes  for 
magnesite,  being  placed  in  the  furnace  in  the  same  manner  as  the  grain 
magnesite.  Within  recent  months  the  tendency  on  the  part  of  steel 
makers  has  been  to  displace  burned  dolomite  by  specially  prepared 
dolomites  for  the  temporary  patching  and  to  return  to  the  use  of  high- 
grade  magnesite  for  all  original  installations  and  major  repairs. 

In  the  calcination  of  dolomite  either  vertical  or  rotary  kilns  may  be 
used.  In  the  latter  case  the  rock  is  usually  crushed  to  pass  approxi- 
mately a  ^-in.  (16-nmi.)  screen,  the  fine  powder  screened  out,  and  the 
granules  burned.  For  best  results  the  heat  applied  must  be  sufficiently 
intense  not  merely  to  drive  off  the  CO2,  but  to  cause  the  pieces  to  shrink 
and  become  hard  and  dense.  The  rock  is  frequently  "double-burned" 
by  being  heated  in  one  kiln  merely  high  enough  to  drive  off  most  of 
the  COt,  and  further  shrunk  in  a  second  at  a  higher  temperature.  The 
usual  range  of  composition  of  the  crude  rock  is  CaO,  28  to  35  per  cent. ; 
MgO,  14  to  20  per  cent.;  SiOj,  1  to  7  per  cent.;  AUOz,  0  to  4  per  cent.; 
FcsOj,  0.5  to  5  per  cent.;  CO2,  43  to  46  per  cent.  As  high  a  magnesia 
content  as  possible  is  considered  desirable. 

Buiiied  dolomite  as  ordinarily  prepared  air-slakes  readily  on  account 
of  the  high  percentage  of  lime.  For  that  reason  it  cannot  be  kept  in 
stock  for  any  length  of  time  without  deterioration  and  should  be  made 
just  before  use.  In  a  furnace  having  a  dolomite  bottom  the  gas  is  pref- 
erably kept  on  even  during  shutdowns,  otherwise  a  new  bottom  may 
be  required  on  starting  up  again.  With  good  magnesite  this  never 
occurs.  Since  dolomite  does  not  set  as  solidly  as  magnesite,  patches 
are*  more  apt  to  become  detached  and  float  in  the  bath. 

Special  Dolomitic  Refractories. — Within  the  last  few  years,  numerous 
investigations  have  been  undertaken  in  the  attempt  to  overcome  the 
marked  slaking  properties  and  other  defects  of  calcined  dolomite.  As 
a  result  several  articles  consisting  of  specially  prepared  dolomite  have 
been  placed  on  the  market  under  various  trade  names,  some  of  which  are 
superior  to  ordinary  calcined  dolomite,  being  more  resistant  to  atmos- 
pheric slaking  and  giving  better  service  in  the  furnace.  In  most  of 
these  preparations  the  granules  are  coated  or  impregnated  with  pul- 
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verized  basic  slag,  iron  ore,  or  similar  material  by  burning  at  a  high  tem- 
perature in  a  rotary  kiln.  The  attempt  has  likewise  been  made  to  coat 
the  crushed  rock  with  a  pulverized  slag  suspension  in  water,  so  that  upon 
burning  a  protective  coating  will  be  formed  on  the  surface.^  In  other 
cases  the  slaking  properties  are  diminished  by  using  an  impure  dolomite, 
preferably  one  high  in  iron.  The  analysis  considered  most  desirable 
may  be  obtained  by  mixing  raw  rock  of  different  compositions. 

One  patented  material  is  prepared  by  grinding  together  dolomite  and 
iron  ore  to  form  an  intimate  mixture  and  calcining  at  a  temperature  re- 
ported to  exceed  2850°  F.  (1565**  C).  The  finished  product  for  furnace 
bottoms  is  said  to  show  the  following  range  of  analysis:  CaO,  42  to 
55  per  cent.;  MgO,  38  to  26  per  cent.;  SiOj,  6  to  13  per  cent.;  FejOsand 
AljOs,  8  to  14  per  cent. 

Another  compound  consists  of  an  intimate  mixture  of  granular  dolo- 
mite and  about  10  per  cent,  basic  open-hearth  slag.  The  manufacturers 
prefer  hard,  compact  and  dense  varieties  of  dolomite,  as  high  as  possible 
in  magnesia.  It  is  said  that  the  granules,  after  calcination  in  a  rotary 
kiln  at  about  2800°  F.  (1540°  C),  are  mixed,  upon  coming  from  the 
kiln  and  while  still  hot,  with  the  granulated  slag  and  the  mixture  is  sent 
through  a  rotary  cooler.  It  is  claimed  by  the  manufacturers  that 
material  thus  prepared  may  be  transported  without  slaking  when  the 
magnesia  content  is  high  and  the  dolomite  is  extremely  hard  burned. 
The  average  analyses  of  several  shipments  is  given  herewith :  CaO,  48  to 
55  per  cent.;  MgO,  29  to  32  per  cent.;  Si02,  4  to  11.5  per  cent.;  AUOj,  3 
to  6.5  per  cent.;  FeaOa,  4  to  7  per  cent. 

Laboratory  Tests 

The  relative  value  of  different  materials  used  in  the  open-hearth  fur- 
nace is  measured  by  the  service  obtained  and  by  that  alone.  Neither 
theoretical  considerations  nor  the  results  of  laboratory  tests  can  be 
expected  to  demonstrate  precisely  what  these  relative  values  may  be, 
although  much  can  be  learned  from  such  studies.  With  these  fact«  in 
mind,  the  authors  some  months  ago  planned  a  brief  series  of  tests  designed 
to  compare  properties  of  various  basic  materials  that  evidently  affect 
the  durability  of  these  materials  in  the  furnace.  The  results  of  these 
experiments,  which  were  carried  out  under  the  direction  of  Raymond 
M.  Howe  at  the  Mellon  Institute  of  Industrial  Research  of  the  University 
of  Pittsburgh,  are  described  here. 

The  wearing  away  of  the  basic  bottom  is  due  to  the  abrasive  action 
of  the  slag  and  metal  frothing  during  the  process  of  oxidation,  the  scour- 


'A.  V.  Bleininger:  Some  Aspects  of  the  Testing  of  Refractories.  Proc  Eng.  See. 
Westn.  Pa.  (1916-1917)  82,  612. 


J.  SPOTT8  Mcdowell  and  ratmond  m.  howe 


297 


ing  out  of  holes  caused  by  boiling  when  the  heat  becomes  excessive, 
chemical  reactions  between  constituents  of  the  hearth  and  of  the  bath 
or  slag,  and  possibly  a  few  other  minor  causes.  It  is  not  to  be  expected  that 
furnace  conditions  can  be  reproduced  in  laboratory  tests;  these  can  merely 
be  so  arranged  as  to  show  the  relative  resistance  of  different  materials 
to  destructive  forces  logically  assumed  to  be  similar  to  certain  of  those  in 
the  furnace. 

It  is  well  known  that  all  basic  refractories  soften  at  high  temperatures 
and  it  is  believed  that  the  softer  the  bottom  the  more  rapidly  will  the 
scouring  action  take  place.  Other  things  being  equal,  the  material  that 
shows  the  least  degree  of  softening  at  operating  temperatures  should 
give  the  longest  service.  Tests  were  therefore  made  to  determine  this 
property. 

Corrosion  of  the  lining  due  to  chemical  action  is  harmful,  not  only 
because  of  the  wearing  away  of  the  refractory  but  because  the  surface 
of  the  hearth  becomes  weakened  and  less  resistant  to  abrasion.  It  has 
been  suggested  that  the  impurity  in  the  melt  most  likely  to  have  a 
strongly  corrosive  action  upon  the  lining  is  phosphorus  and  that  the 
reason  magnesite  bottoms  last  longer  than  dolomite  bottoms  is  due  largely 
to  the  superior  resistance  of  magnesite  to  the  oxides  of  phosphorus,  which 
have  a  strong  affinity  for  lime.  An  investigation  regarding  the  relative 
resistance  of  various  basic  refractory  products  to  the  action  of  a  corrosive 
melt  high  in  phosphorus  is  included  in  the  tests  here  described. 

The  ignition  loss  of  basic  refractories  should  be  as  low  as  possible, 
since  a  high  ignition  loss  results  in  excessive  wastage  in  the  furnace. 
The  rate  at  which  different  materials  absorb  moisture  and  COs  has  been 
studied  in  this  connection. 

Basic  Materials  Studied, — The  six  materials  studied  include  two 
magnesites,  two  dolomites,  and  two  specially  treated  dolomites. 
Throughout  the  remainder  of  the  paper  these  wiU  be  designated  by  the 
letters  AyB,C,  D,  J5,  and  F.  The  material  designated  as  A  was  prepared 
from  Washington  magnesite,  ground  with  ferric  oxide,  and  dead  burned. 

Table  2, ^Analyses  of  Basic  Materials 


E 


Moisture  and  ignition  loss 

percent 

Slica,  per  cent 

Alumina,  per  cent 

Ferric  oxide,  per  cent 

lime,  per  cent 

Magnesia,  per  cent 

Total 


0.43 
7.36 
2.33 
4.81 
3.12 
81.60 


0.33 
4.56 
2.08 
7.88 
18.94 
66.40 


0.47 

1.00 

3.70 

11.46 

9.84 

6.68 

3.91 

1.86 

3.89 

4.41 

4.54 

1.69 

47.92 

48.70 

49.84 

32.10 

34.73 

34.50 

100.27 

100.67 

100.30 

9.90 
2.16 
0.90 
1.10 
51.00 
34.85 

99.91 
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Table  3. — Recalculated  Analyses  of  Basic  Materials 


, 

A 

B 

C 

D                  E 

\ 

F 

Silica,  per  cent 

Alumina,  per  cent 

Ferric  oxide,  per  cent 

lime,  per  cent 

Magnesia,  per  cent 

7.40 
2.34 
4.83 
3.13 
81.93 

4.57 

2.08 

7.89 

18.96 

66.66 

11.62 

3.93 

4.43 

48.15 

32.26 

9.94 

1.88 

4.58 

49.19 

35.18 

6.93 

4.03 

1,73 

51.64 

35.75 

2.40 

1.00 

1.22 

56.61 

38.69 

Total 

99.63 

100.16 

100.29 

100.77 

100.08     99.92 

J3  is  a  similar  product  prepared  from  Canadian  magnesite.  C  is  a  prepa- 
ration made  by  coating  dolomite  granules  at  a  high  temperature  with 
basic  open-hearth  slag.  D  is  made  by  mixing  together  iron  oxide  and 
dolomite  and  calcining  at  a  high  temperature.  J^  is  a  relatively  impure 
dolomite  that  has  been  calcined.  /^  is  a  rather  pure  calcined  dolomite. 
The  analyses  of  these  materials  at  the  time  of  arrival  are  given  in 
Table  2  and  these  analyses  recalculated  on  a  zero  ignition  loss  basis  to 
make  them  more  comparable  in  Table  3. 

Slaking  Tests, — ^From  the  very  manner  in  which  basic  materials  are 
prepared,  it  can  be  assumed  that  a  low  ignition  loss  and  the  least  possible 
tendency  to  slake  are  essential  properties.  Buyers  of  refractory  products 
do  not  wish  to  pay  for  something  that  is  lost  as  soon  as  the  materia  is 
heated.  For  example,  the  10  per  cent,  ignition  loss  of  F  will  cause  the 
loss  of  considerable  money  were  such  material  to  be  used  on  an  extensive 
scale.  It  has  been  said  that  these  materials  "powder"  more  or  less 
when  they  give  off  CO2  or  water  during  heating.  A  part  of  this  powder 
is  carried  out  of  the  furnace  by  the  draft,  resulting  in  an  additional  loss 
in  material,  as  well  as  injury  to  the  cheekers.  It  is  suggested  that  the 
driving  off  of  moisture  and  CO2  imder  the  action  of  the  heat  may  also 
interfere  with  proper  setting  of  the  granules  to  a  dense  mass  and  thereby 
decrease  the  resistance  to  erosion. 

Two  methods  of  procedure  were  followed  in  the  slaking  tests.  In 
the  first,  the  materials  were  allowed  to  stand  exposed  to  the  air  and 
each  month  a  sample  was  taken,  dried  at  110"^  C,  and  its  ignition  loss 
determined.  The  results  of  this  series  of  tests  are  not.  yet  available. 
The  second  procedure  consisted  of  moistening  the  different  materials 
from  time  to  time  with  water.  Samples  were  then  taken  at  intervals  of 
5  days,  dried  at  110®  C,  and  the  loss  on  ignition  determined.  The  results 
are  given  in  Table  4.  Table  5  represents  the  ignition  loss  of  recalcined 
E  and  F;  it  was  deemed  necessary  to  recalcine  these  two  products 
because  of  their  high  loss  at  the  beginning  of  the  test. 
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Table  4. — Percentage  Loss  an  Ignition  at  Regular  Intervals 


L068  at  beginning  of  slaking  test 

Loss  after   5  days 

Loss  after  10  days 

Loss  after  15  days 

Loss  after  20  days 

Loss  after  25  days 

Loss  after  30  days 


0.02 

• 

0.20 

0.08 

0.95 

3.93 

0.48 

0.69 

1.20 

6.67 

18.45 

0.95 

1.52 

1.62 

8.35 

20.00 

1.24 

1.94 

2.39 

10.10 

23.30 

1.36 

1.02 

3.01 

10.92 

23.66 

2.09 

2.65 

6.30 

12.00 

24.33 

2.54 

1 

3.25 

4.63 

14.99 

24.67 

14.04 
25.52 
26.30 
33.00 
29.70 
25.99 
30.81 


Table  5. — Percentage  of  Loss  Upon  Ignition  of  Recalcined  E  and  F 


B 


Loss  after  recalcination .  I     1.55 

Loss  after  1  day :    5. 16 

LosB  after  2  days 9.40 

Loss  after  3  days ^  12.79 

LosB  after  5  days 12 .  81 


1.29 
9.74 

15.81 
16.43 


Loss  after  10  days 

Loss  after  12  days 

Loss  after  15  days 

Loss  after  25  days 


15.80 

17.09 
17.36 


23.53 


The  results  given  in  these  Tables  are  also  plotted  graphically  in  Fig.  1. 
Table  6  gives  the  anal3rtical  and  slaking  data. 

Table  6. — Analytical  and  Slaking  Data 


Material 


E 


Order  of  resistance  to  slaking 

lime,  per  cent 

Magnesia,  per  cent 

SOica,  aluminai  and  ferric  oxide, 
per  cent 


l8t 

2d 

3d 

4th 

5th 

3.16 

18.96 

48.15 

49.19 

51.64 

81.72 

66.66 

32.26 

35.18 

35.75 

14.70 

14.54 

19.88 

16.40 

12.69 

6th 
56.61 
38.69 

4.62 


It  is  to  be  observed  that  in  the  case  of  both  magnesites  aad  dolo- 
mites the  slaking  tendency  increases  directly  with  the  lime  content  and 
that  in  the  case  of  the  dolomites  it  varies  inversely  with  the  sums  of  the 
iron  oxide,  silica,  and  alumina  contents.  The  state  of  these  impurities, 
whether  they  are  natural  or  artificial,  undoubtedly  exerts  an  influence  that 
these  tests  do  not  reveal.  In  the  latter  case  the  thoroughness  with  which 
the  granules  are  coated  or  impregnated  with  ore  or  slag  is  an  important 
factor.  The  magnesite  low  in  lime,  A,  showed  a  greater  resistance  to 
slaking  than  the  one  high  in  lime,  B,  The  lowHslaking  tendency  of  C 
apparently  proves  that  the  granules  were  weU  protected  by  the  slag 
coating.  It  is  somewhat  higher  in  impurities  and  lower  in  lime  than  D, 
a  treated  dolomite  that  slaked  badly.    E  was  the  more  stable  of  the  two 
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calcined  dolomites;  its  condition  at  the  time  of  receipt  was  far  superior 
to  that  of  F.  It  is  believed  that  these  two  cases  serve  as  the  best  ex- 
amples of  the  effect  of  lime  content  and  fluxes  upon  the  rate  of  slaking. 
The  air-slaking  series^  although  incomplete,  indicates  that  the  different 
materials  stand  in  the  same  relative  order  as  given  above. 

A  study  of  the  figures  given  indicates  that  the  lime  content  should  be 
as  low  as  possible  and  that  iron  oxide,  alumina,  and  silica,  within  limits  de- 
pendent on  the  character  of  the  dolomite  and  its  treatment,  are  necessary 

F 


10 


25 


30 


15 
Number  of  Day< 

Fio.  1. — Incbease  of  loss  on  ignition  of  basic  matebials  undeb  the  influence 

OF  MOISTUBE. 


in  dolomitic  refractories,  if  the  slaking  is  to  be  kept  within  practicable 
limits;  further,  that  a  dead-burned  magnesite  free  from  lime,  and  pos- 
sibly containing  a  fairly  high  percentage  of  impurities  (10  to  15  percent, 
of  Si02,  AI2O8,  and  Fe208)  is  the  most  suitable  basic  refractory  for 
withstanding  the  conditions  of  this  test.  These  conditions  represent  the 
influences  to  which  basic  materials  may  often  be  subjected  in  cars  or  when 
stored  in  the  plant.  Pure  calcined  limestone  is  the  poorest  material  to 
withstand  such  conditions.     Other  combinations  of  the  lime-magnesia 
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series  will  arrange  themselves  in  intermediate  positions  according  to  the 
lime,  alumina,  silica,  and  ferric-oxide  content,  and  the  temperature  of 
burning. 

Adian  Between  Basic  MateridU  and  Fireclay  or  Silica  Brick. — Failure 
is  liable  to  result  because  of  chemical  reactions  when  basic  materials  are 
in  contact  with  fireclay  or  silica  brick  at  high  temperatures.  The  latter 
are  not  uncommonly  used  in  contact  with  magnesia  brick  above  the  slag 
line  of  the  open  hearth,  but  this  is  not  considered  the  best  practice  and 
a  buffer  layer  of  chrome  brick  is  desirable.  With  this  exception  the  basic 
materials  are  generally  carefully  separated  from  silica  and  clay  brick  in 
furnace  practice.  In  view  of  these  facts  the  following  tests  were  made  to 
show  the  relative  Umits  of  safety  when  the  materials  mentioned  are  heated 
in  contact.  Moreover,  it  was  believed  that  the  behavior  of  the  basic 
products  in  this  test  would  afford  an  indication  of  their  relative  chemical 
activity  and  a  measure  of  their  probable  resistance  to  corrosion  in  the 
furnace. 

Cones  sawed  from  bricks  and  placed  in  pats  of  basic  materials  were 
treated  in  a  pot  furnace  together  with  a  fireclay  pat  containing  standard 
Orton  pyrometric  cones.  Specimen  A  was  found,  after  a  few  trials,  to 
react  with  firebrick  between  Orton  cones  18  and  26.  A  pat  was  then 
heated  rapidly  to  cone  18  and  although  this  temperature  was  held  for 
3  hr.  no  action  was  observed.  Another  pat  at  cone  19  showed  the  same 
result.  A  third  pat  heated  to  cone  20  and  held  for  3  hr.  resulted  in  a 
violent  reaction  between  the  magnesite  and  firebrick.  This  procedure 
was  followed  in  each  case. 


Table  7. — Reacting  Temperatures  in  Orton  Cones  between  Basic  Materials 

and  Brick 


Material 
A 

B 

C 

D • 


Fire  Brick 


Silica  Brick 


Cone  20 

Cone  26  + 

Ck)ne  18 

Cone  18  + 

Cone  15 

Cone  16 

Cone  15 

Cone  16 

Lime  Content  of  Basic 
Material.  Per  Cent. 


3.16 
18.96 
49.19 
48.15 


The  figures  given  in  Table  7  illustrate  the  tendency  of  lime  to  lower 
the  reacting  temperature  and  to  increase  the  chemical  activity  of  the 
basic  refractories.  It  is  probable  that  the  temperatures  shown  are 
much  too  high  for  practical  limits  of  safety,  and  that  they  are  only 
relatively  true. 

The  firebrick  formed  a  thin  liquid  and  ran  into  the  magnesite;  the 
shadows  in  Fig.  2  show  where  the  firebrick  had  been.  The  silica  brick 
cones  behaved  differently  and  can  be  seen  as  they  were  at  the  end  of 
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the  test,  having  cut  away  the  magnesite  without  the  formation  of  a 
visible  slag. 

Crucible  Tests, — ^Basic  refractories,  besides  withstanding  slaking 
and  erosion,  must  resist  considerable  chemical  action.  Carbon,  pho^ 
phorus,  and  silicon  are  present  in  the  metal  bath  in  the  form  of  carbides, 
phosphides,  silicides,  or  in  an  oxidized  condition.  The  oxides  of  phofi- 
phorus  are  known  to  have  a  marked  affinity  for  lime,  for  which  reason 
basic  materials  high  in  lime  should  be  expected  to  give  less  service  in 
the  furnace  hearth  than  materials  low  in  this  oxide,  notwithstanding 
the  additions  of  lime  made  to  slag  the  phosphorus.  The  lining  is  nec- 
essarily exposed,  at  least  locally,  to  the  corrosive  influence  of  phosphorus 
in  the  melt  until  it  is  removed.  A  series  of  crucible  tests  was,  therefore, 
conducted  for  the  purpose  of  studying  the  action  of  phosphorus  com- 
pounds on  the  six  basic  materials. 

The  general  plan  was  to  make  crucibles  of  the  different  products, 
heat  them  to  a  certain  temperature,  introduce  a  corrosive  mixture,  allow 
it  to  react  for  equal  lengths  of  time  upon  the  different  crucibles,  cool, 
and  analyze  the  melted  portion  for  silic?.,  lime,  and  magnesia.  Snce 
these  three  oxides  could  come  only  from  the  crucible  their  presence  in 
the  melt  would  prove  chemical  action. 

Crucible  series  1  involved  the  use  of  crucibles  3.5  in.  (8.8  cm.)  in 
diameter  and  2.5  in.  (6.2  cm.)  in  height,  made  from  the  materials  as 
received  and  bonded  by  means  of  gum  tragacanth.  It  was  impossible 
to  make  crucibles  of  the  above  type  from  material  F  so  the  basic  materials 
were  packed  in  fireclay  crucibles  3  in.  (7.6  cm.)  in  diameter  and  4  in. 
(10  cm.)  in  height  in  series  II,  III,  and  IV.  In  each  case  the  corrosive 
mixture  added  consisted  of  one  part  ferrophosphide  and  two  parts  ferric 
oxide,  which  was  used  to  oxidize  the  phosphide  and  was  itself  reduced 
in  the  process.  The  mixture  was  added  to  the  hot  crucibles  by  means  of 
an  iron  ladle.  At  the  conclusion  of  the  melting  period  the  crucibles 
were  cooled,  sawed  vertically  through  the  center,  and  samples  taken 
from  the  melt  for  analysis. 

In  the  first  series  of  tests  the  crucibles  were  heated  to  1350^  C,  100 
gm.  of  the  corrosive  mixture  was  added  and  allowed  to  react  at -this  tem- 
perature 2  hr.  The  crucibles  are  shown  in  Fig.  3.  In  the  second  series, 
the  crucibles  were  heated  to  1300®  C.  when  100  gm.  of  corrosive  mixture 
was  allowed  to  react  upon  them  for  }i  hr. ;  the  action  at  the  end  of  this 
time  was  too  slight  to  be  determined.  In  the  third  series  of  tests,  the 
crucibles  were  heated  to  1300®  C.  and  100  gm.  of  corrosive  mixture  was 
allowed  to  react  at  this  temperature  for  J^  hr.;  then  the  temperature 
of  the  furnace  was  increased  to  1350°  C,  50  more  gm.  of  mixture  was 
added,  and  the  temperature  held  constant  for  J^  hr.  The  extent  of  the 
corrosive  action  is  shown  by  Fig.  4.     The  fourth  series  of  tests  was  con- 
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Fio.  2. — Pira  sHOWiNo  action  of  uaonbsite  upon  firebbice  and  8iu 
I.  OxTOS  CONES  IN  CLAT  PAT.  II.  Silica  brice  cones  in  uaonebite  i 
FmEBUCK  conei 


Fia.  4. — Crucibles  ubbd  in  Cbccible  Series  III. 
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ducted  by  heating  the  cnicibleB  to  1300°  C.  and  adding  100  gm.  of  cor- 
rosive mixture;  after  }-i  hr.  the  furnace  temperature  was  raised  to  1350° 
and  50  gm.  more  introduced;  )^  hr.  later  an  additional  50  gm.  of  mix- 
ture was  added  and  the  temperature  maintained  J^  hr.  longer.  Partial 
analyses  of  the  slags  resulting  from  these  tests  are  given  in  Table  8. 

The  analyses  of  the  slags  from  crucibles  C,  D,  and  F  in  the  fourth  series 
should  not  be  compared  with  those  of  the  same  crucibles  given  in  the 
preceding  series,  since  under  the  more  severe  conditions  of  this  test  addi- 
tional reactions  came  into  play.  The  FeaP-FejOi  mixture  had  eaWn 
through  the  bottoms  of  crucibles  C,  D,  and  F  as  shown  in  Fig.  5  and  & 
series  of  reactions  resulted  between  the  corrosive  mixture,  the  basic  mate- 
rial, and  the  clay  of  the  crucible,  with  the  formation  of  a  very  active  fiiud 


Fig,  5. — CROciBLEa  c 


N  Crucible  Series  IV. 


slag.     The  silica,  lime,  and  magnesia  contents  of  this  slag  were  influenced 
by  the  action  of  the  clay  as  well  as  by  that  of  the  phosphorus. 

Table  S.— Partial  Results  of  Crudbls  Testa 


Analyni  ot  SIiik> 


Anklyw*  of  Sla^ 


[rom  Pint  Serin 
Siliciii  Lime[  ^£  iTotolieiUcs'  Ume\  "JH^  JToUllsilicai  Limel  ¥^  |ti>U1: 


00 

»„ 

1.30  1 

.lU 

OKI 

o.ae  , 

M 

1.47 

.51 

°-" 

o.« 

.42  0.21    O.Os:  0.39  I  O.M:  0 

.74'  O.34I  0.22    1.55  I  2. Ill  0. 

1.14  2.24|  ].4Z'  1.68  j  5.24.  6 

1.50  9.03!  4.5S,  s.se  i21.3eiS 


.32    0.04    1.23      1.59 

'.74l  0,4fl,  3.52  I  4.72; 
.20|  7.4S'  *i8  17. se' 
.0022.14  14  90    55.04 

-sa!  1.44  I 

.52  12.70    8 


Fotuth 

Sutii 

..-      Tlutd 

.34<      FUU 

[         


These  tests  show  that  the  relative  corrosion  of  the  various  basic  mate- 
rials places  the  low-lime  magnesite  first  in  resistance  to  the  action  of 
the  corrosive  mixture,  the  high-lime  magnesite  second,  a  calcined  dolomite 
third,  a  treated  dolomite  fourth,  another  calcined  dolomite  and  a  treated 
dolomite  fifth  and  sixth  respectively.  The  materials  lowest  in  lime 
offered  the  most  resistance  to  the  action  of  this  corrosive  mixture.  The 
superiority  of  the  low-lime  magnesite,  the  intermediate  position  of  the 
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high-lime  magnesite,  and  the  general  lower  resistance  of  the  dolomites 
establish  this  conclusively.  Other  oxides  as  well  as  lime  were  taken 
into  the  solution  but  the  intensity  of  this  action  seems  to  have  been  de- 
pendent on  the  amount  of  lime  present.  Only  limited  conclusions  can 
be  drawn  from  these  results.  Other  factors  being  the  same,  it  should  be 
expected  that  the  basic  refractories  lowest  in  lime  should  give  the  best 
service  where  exposed  to  the  corrosive  action  of  melts  containing  phos- 
phorus, such  as  those  of  the  basic  open-hearth  furnace.  However,  the 
relative  value  of  the  materials  studied  can  merely  be  approximated. 

Analysis  of  the  slags  from  the  specially  treated  dolomites  gave  un- 
expected results.  Material  C  showed  slightly  less  resistance  to  corrosion 
than  the  calcined  impure  dolomite  E]  at  the  same  time  material  D, 
another  specially  treated  product,  was  decidedly  inferior  to  E  and  F, 
both  dolomites  that  had  been  calcined  without  any  effort  to  coat  or 
protect  the  granules  by  special  methods.  To  what  extent  the  special 
treatment  accorded  the  patented  dolomitic  products  is  an  advantage  in 
increasing  the  resistance  to  corrosion  is  open  to  question. 

Tests  Upon  Dead-burned  Magnesite  and  Magnesite  Brick 

The  preceding  tests  have  served  to  distinguish  between  magnesites 
and  dolomites.  The  latter  part  of  the  work  applies  to  magnesites  only, 
and  the  tests  were  made  somewhat  more  severe  in  order  to  secure  more 
pronounced  results. 

Crucible  Tests  on  Magnesites. — Crucibles  made  of  magnesite  grains 
were  subjected  to  tests  similar  to  those  described  but  under  more  severe 
conditions.    Crucibles  like  those  employed  in  the  first  series  were  used 

Table  9. — Partial  Analyses  of  Slags  From  Crucible  Tests 


Material 

A 

B 

SiEca 

2.56 
0.40 
2.46 

2.96 

Time. .    , 

2.28 

Affl^nDfiSlA .     

6.38 

■ 

Total 

5.42 

11.62 

and  600  gm.  of  the  corrosive  mixture  added  hourly  in  150-gm.  batches. 
A  temperature  of  1350®  C.  was  maintained  for  4  hr.  The  marked  supe- 
riority of  magnesite  A,  in  resistance  to  corrosion,  was  shown  in  the  pre- 
eeding  experiments  and  is  developed  even  more  strikingly  in  this  one. 
Load  Tests, — It  seems  probable  that  unsatisfactory  service  would  be 
caused  by  any  marked  softening  of  the  bottoms,  for  the  boiling  of  the  bath 
will  have  a  greater  tendency  to  scour  out  holes  in  a  hearth  that  is  soft 
tiian  in  one  that  is  more  rigid.  In  order  to  study  the  rigidity  of  magne- 
sites A  and  B  at  high  temperatures,  bricks  having  the  compositions 
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given  were  made  from'  each  by  the  usual  brick-making  methods,  and 
subjected  to  a  load  test.  These  brick  were  heated  under  a  load  of  25  )b. 
per  sq.  in.  (1.7kg.  per  sq.  cm.),  appliedon  the  end  of  the  brick  with  a  tem- 
perature increase  of  250°  C.  per  hr.,  until  failure  resulted.  Brick  A  failed 
by  shearing  at  1555°  C,  evidently  due  to  a  breaking  of  the  bond;  brick  B 


Fio.  6. — A.  Typical  failure  op  Brick  A  in  load  test.  B.  Failcbe  of  Bbice 
B  IN  LOAD  TEST.  0BiaiNAi,DiMBNsioN8  8.75iN.  BY  4.13IN.  bt2.53in.;  fimaldihek- 
HION8,  7.66  IN.  BY  4.31  IN.  BY  2.72  in. 

did  not  shear  but  softened  and  settled  at  high  temperatures.  By  tbe 
time  1450°  C.  had  been  reached,  it  had  shortened  12.5  per  cent,  of  its 
original  length,  see  Fig.  6. 

Table  10. — Analyses  of  Magnesile  Bricks  Tested 


Ignition  losa 0.26  0.37 

SiUcft 7 .  26  5 .  72 

Alumina 2,14  2.00 

Fenicoxide i       4.95  5.M 

Lime i       3. 18  15.05 

Magnesia 82,40  |    70. S4 


Total ,   100.19  I 


Since  magnesite  A  shows  no  evidence  of  softening  at  the  temperature 
of  the  test  white  magnesite  B  shows  considerable,  it  is  to  be  expected 
that  the  former  should  show  a  much  greater  resistance  to  the  erosioD 
of  boiling  metal  than  the  latter. 

Fusion  rcste.— The  difference  in  softening  temperatures  of  the  two 
magnesites  indicated  that  fusion-point  data  might  be  of  value.  It) 
was  hoped  that  the  fusion  points  of  the  magnesites  and  also  of  intimate 
mixtures  of  finely  ground  slag  and  magnesite  might  be  obtained.     1 
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the  latter  possible,  comparative  values  could  be  established.  One  could 
state,  for  example,  that  a  mixture  of  80  per  cent,  of  magnesite  X  and  20 
per  cent,  of  slag  was  equivalent  to  a  mixture  of  60  per  cent,  of  magnesite 
Y  and  40  per  cent,  of  slag.  Cones  were  accordingly  made  up,  some  of  100 
per  cent,  magnesite  and  others  of  magnesite  mixed  with  from  10  to  90 
per  cent,  of  basic  open-hearth  slag.  In  the  endeavor  to  compare  the 
fusion  points  of  these  mixtures  with  those  of  Orton  cones  numerous 
diflSculties  were  encountered. 

It  was  first  necessary  to  devise  a  method  for  placing  the  test  pieces 
in  material  that  would  be  neutral  to  both  cones  and  magnesite.  After 
several  failures,  successful  cone  pats  were  made  in  the  following  manner. 
One  half  of  the  pat  was  made  of  fireclay  and  Orton  cones  were  placed  in 
this;  the  other  half,  in  which  the  test  cones  were  placed,  was  made  of 
magnesite.  The  two  half  pats  were  joined  to  form  a  disk  3  in.  in  diameter 
and  finely  ground  chrome  ore  used  at  the  junction  to  separate  the  magne- 
site and  fireclay.  The  disk  was  then  placed  upon  a  fireclay  pedestal  that 
had  been  sprinkled  with  crushed  chrome  ore.  This  combination  was 
necessary  to  prevent  the  magnesite  from  attacking  the  high-temperature 
Orton  cones,  or  the  fireclay  of  the  pat. 

^Tien  the  method  for  conducting  the  tests  had  been  devised,  it  was 
found  that  the  slag  ran  from  the  cones  at  high  temperatures  and  left 
a  magnesite  shell  standing.  The  results  of  such  tests  were  therefore 
disappointing.  Slightly  better  but  inconclusive  results  were  obtained 
when  ferric  oxide  was  used  in  place  of  the  slag.  Cones  of  100  per  cent, 
magnesite  also  gave  poor  results,  because  of  the  tendency  of  this  material 
to  volatilize  at  high  temperatures. 

Bar  Tests. — In  discussing  fusions,  it  was  suggested  that  a  test  that 
would  determine  the  relative  values  of  different  basic  materials  when 
mixed  with  varying  amounts  of  slag  would  be  of  value.  The  load  test 
indicated  differences  in  the  softening  points  of  magnesites  A  apd  B 
but  the  attempted  study  of  fusion  points  revealed  nothing.  It  was  hoped, 
therefore,  that  a  series  of  bar  tests,  conducted  in  the  following  manner, 
would  combine  information  that  might  have  been  secured  from  the  other 
two. 

Magnesite  and  basic  open-hearth  slag  were  ground  to  pass  60-mesh, 
weighed  out  in  the  proportions  indicated,  and  mixed  with  gum  tragacanth. 
The  mixtures  were  molded  into  bars  1  in.  X  %  in.  X  6  in.  (2.5  X  0.9 
X  15  cm.),  which,  when  dry,  were  strong  enough  to  be  introduced  into 
the  furnace.  They  were  laid  flat  on  silica  brick  and  heated  to  1250°  C, 
a  temperature  sufficient  to  produce  a  certain  amount  of  sintering.  The 
sintered  bars  were  placed  in  a  test  furnace  and  supported  between  bricks 
placed  4)^  in.  (12  cm.)  apart,  being  separated  from  the  latter  by  chrome 
ore  powder.  The  furnace  was  then  heated  at  the  rate  of  100®  C.  tem- 
perature increase  per  hour,  and  the  softening  points  were  observed.  The 
observations  are  given  in  Tables  11  and  12. 


BASIC  REFRACTORIES  FOR  THE  OPEN  HEARTH 

Table  11. — Bar-test  Data  with  MagnesUe  A 


rhish  SottsDiiiE 
Ld,  in  Dc(T«a  C. 


100%  A.. 
70%  A  + 

60%  A  + 
50%  A  + 
40%  A  + 
30%  A  + 
257o  A  + 
20%  A  + 
15%  A  + 
10%  A  + 


slag. . 
slag.. 
Blag., 
slag. . 
slag. . 
slag. . 
slag. . 
slag. . 
slag. . 


Samples  broke    |  Too  refractory  to  become 
boDded  by  this  tre&tmenL 


1350 
1345 
1340 
1330 


Action  complete  (BBggin; 
of  2 in.)  in  about  2miii. 


FlO.  7. — TtpICAL  BAB  TEST  RSeULTS. 

These  mixtures  showed  no  evidence  of  softening  until  the  temperature 
of  failure  had  been  reached.  In  the  entire  series  SE^ging  began  at  a  point 
above  the  fusion  point  of  the  slag,  which  melts  at  1290°  to  1300°  C. 

Table  12. — Bar-iea(  Data  wiih  MagnesUe  B 

1  FurnMB  T»inpflr«tuio  | 

vii,. »t  whisb  Boltsoiu  n t. 

M'"*""  .Dd  Sagfing  ^^.   ,  H.m.rk. 


95%  B  +    6%  slag I  1280 

90%  B  +  10%  slag 1260 

85%  B  +  15%  slag 1275 

80%  B  +  20%  slag 1280 

70%  B  +  30%  slag 1260 

60%  B  +40%  slag 1250 

50%  B  +  50%  slag J260 


(These  bais  sagged  about 
1  in.  in  1  hr.  wboi  1350* 
C.  had  been  reached. 
Had  sagged  2  in.  at  1340* 
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All  magnesite  B  bars,  as  shown  in  Table  12,  began  to  soften  about  1  hr. 
before  the  action  was  complete  (when  they  had  sagged  2  in.)i  and  at 
about  the  melting  point  of  the  slag  or  a  trifle  lower.  The  temperatures 
at  which  the  bars  had  sagged  2  in.  were  nearly  the  same  when  appreciable 
amounts  of  slag  were  present. 

The  results  of  the  bar  tests  are  not  easy  to  interpret  and  it  is  not  pos- 
sible to  state  that  the  softening  tendency  of  a  slag-magnesite  mixture 
of  one  series  is  equivalent  to  that  of  a  definite  mixture  of  the  other. 
Failure  of  the  bars  evidently  occurred  through  softening  and  fusion  of  the 
slag.  The  melting  temperature  of  the  latter  seems  to  have  been  raised 
by  admixture  with  magnesite  A,  and  depressed  by  magnesite  B.  What 
the  significance  of  the  latter  fact  may  be  is  not  clear. 

Summary 

1.  Comparison  of  Low-lime  and  High-lime  Magnesite. — The  magnesite 
that  was  the  lower  in  lime  showed  less  tendency  to  slake  and  higher  re- 
fractoriness, as  well  as  greater  resistance  to  attack  by  firebrick  and  silica 
brick,  and  to  the  action  of  a  corrosive  Fe8P-Fe208  mixture. 

2.  Comparison  of  Dolomitic  Materials, — The  materials  highest  in 
impurities  and  lowest  in  lime  were  most  resistant  to  slaking.  With  one 
specially  prepared  dolomite  C  in  which  the  granules  had  been  coated  with 
basic  open-hearth  slag,  the  inherent  tendency  of  dolomite  to  slake  had 
been  overcome  to  a  great  extent.  Another  special  preparation  of  simi- 
lar character  D  showed  practically  the  same  degree  of  slaking  as  the 
untreated  dolomites.  The  specially  treated  dolomite  C  withstood  the 
action  of  the  corrosive  mixture  not  quite  as  well  as  an  untreated  dolo- 
mite high  in  impurities,  and  much  better  than  the  second  special  prepa- 
ration D.  Except  material  D,  the  purest  dolomite  showed  the  poorest 
resistance  to  corrosion,  although  this  may  perhaps  be  explained  by  the 
high  ignition  loss  of  the  material  as  received  and  used. 

3.  Comparison  of  Magnesite  and  Dolomite, — The  magnesites  are  more 
resistant  than  the  dolomites  or  dolomitic  preparations  to  slaking,  also  to 
the  action  of  the  corrosive  Fe8P-Fe203  mixture  and  that  of  fireclay  and 
silica.  One  of  the  specially  treated  dolomites  has  a  slaking  tendency  so 
low  as  to  group  it  with  the  magnesites  as  far  as  this  property  is  concerned. 
However,  in  resistance  to  corrosion  it  compares  more  closely  with  the 
untreated  calcined  dolomite  high  in  impurities. 

4.  Considering  these  tests  only,  the  value  for  refractory  purposes  of 
the  materials  studied  may  be  placed  in  the  following  order:  First,  A, 
a  magnesite  low  in  lime;  second,  B,  a  magnesite  high  in  lime;  third,  C, 
a  treated  dolomite;  fourth,  D,  a  calcined  dolomite  high  in  impurities; 
fifth,  Ey  a  treated  dolomite;  sixth,  F,  a  pure  calcined  dolomite  low  in 
impurities. 
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[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferablv  be  pNMnted  in  person  at  the 
New  York  meeting,  February,  1910.  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writinc  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street.  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1,  1919.  Any  discussion 
ofFered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Path  of  Rupture  in  Steel  Fusion  Welds* 

BT  8.  W.  MILLER,  t  ROCHESTER,  N.  Y. 
(New  York  Meeting,  February.  1919) 

Most  of  the  steel  welding  done  at  the  present  time  is  in  material  con- 
taining not  over  0.3  per  cent,  carbon,  and  the  tests  here  described  were 
in  similar  material.  These  tests  are  not  as  yet  completed  but  it  is  hoped 
that  more  results  and  more  reasons  for  the  conclusions  may  be  presented 
at  the  meeting  in  February. 

From  the  time  the  author  found  the  peculiar  structure  in  electric 
welds  referred  to  in  a  previous  paper,  ^  that  is,  needles  or  plates  in  the 
grains  and  similar  material,  in  larger  spots,  at  the  grain  boundaries,  he 
has  felt  that  these  plates  which  may  be  iron  nitride  and  probably  contain 
some  carbon,  were  at  least  partly  responsible  for  the  brittleness  of  electric 
welds.  He  has  found  but  few  traces  of  similar  lines  in  oxyacetylene 
welds  until  the  last  2  mo.,  when  he  has  found  them  in  large  numbers  under 
certain  conditions.  In  the  top  of  these  welds,  they  are  quite  numerous. 
In  the  body  of  heavy  oxyacetylene  welds,  they  appear  at  times,  but  not 
nearly  to  the  extent  that  they  do  in  electric  welds;  the  author  has  never 
seen  them  in  the  body  of  welds  in  material  less  than  %,  in.  (19  mm.) 
thick.  They  are  shown  in  Fig.  82.  The  reason  they  were  not  noticed 
before  is  undoubtedly  due  to  the  fact  that  in  making  tests  of  welded 
pieces  the  weld  was  always  ground  o£f  level  with  the  plate,  and  as  this 
structure  only  appears  in  the  top  Jf  g  in.  (1.5  mm.)  of  the  weld,  they  were 
removed  by  the  grinding  or  machining;  also,  welds  ^  in.  thick  had  not 
been  examined. 

It  did  not  appear,  in  making  bending  tests,  that  this  structure  had 
much  influence  on  the  strength  of  oxyacetylene  welds;  while  electric  welds 
are  noticeably  brittle.  Further,  oxyacetylene  welds  made  with  certain 
special  materials  were  exceedingly  brittle  even  after  the  tops  of  the 
welds  were  removed;  this  was  true  in  cases  where  there  was  no  sign  of  the 
plates  whatever  and  where  the  welds  were  remarkably  free  from  oxide 
and  the  other  usual  defects.  It  appeared,  therefore,  that  this  brittleness 
did  not  depend  on  any  variable  that  had  been  noticed  so  far,  and  it  was 
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decided  to  find  where  the  rupture  occurred  in  various  kinds  of  welds  made 
with  various  materials,  in  order  to  determine,  if  possible,  the  cause  of 
the  brittleness  that  existed  under  such  widely  varying  conditions. 

A  small  testing  machine  was  made,  in  which  a  specimen  ^4  ^°- 
(9.5  mm.)  wide  and  up  to  3^4  in.  (6.3  mm.)  thick  could  be  bent,  after 
being  polished  and  etched,  and  examined  under  the  micioscope.  The 
results  have  been  quite  satisfactory,  although  unexpected,  and  the 
author  hopes  that  further  tests  will  make  matters  still  more  clear. 

Table  1  gives  the  information  regarding  the  pieces  referred  to  by  the 
photographs.  The  figures  given  for  carbon,  etc.,  are  approximate  only 
for  no  analysis  has  been  made.  All  these  pieces  were  tested  by  bending 
except  EWQ,  EWN,  CBEl,  and  BSl.  The  work  as  planned  includes 
further  tests  of  other  pieces  and  of  pieces  that  are  heat-treated  in  various 
ways.  There  are  many  difficulties  in  attempting  to  present,  by  means  of 
photographs,  results  that  are  more  easily  seen  under  the  microscope. 
Among  them  is  the  trouble  of  finding  fields  that  can  be  photographed; 
also,  most  of  the  distortions  are  so  out  of  focus  that  they  cannot  be 
photographed,  although  they  can  be  readily  seen  with  the  eye.  Again,  it 
has  been  found  that  an  exposure  about  four  or  five  times  as  long  as  with 
surfaces  that  are  etched  in  the  usual  way,  and  that  are  not  distorted  is 

Table  1. — Description  of  Test  Pieces 


Mark! 

Original  Material 

Weld  Material 

ProceM 

ThiokDMB 
of  Material 
Ineh 

CF2 

Tank  plate 

Vanadium  steel 

1 

Oxyacetylene 

0.50 

RAl 

Tank  plate 

Roehling     oxyacetylene 
welding  wire 

1     Oxyacetylene 

1 

0.50 

RE2 

Tank  plate 

Roebling  electric  weld- 
ing wire 

Oxyacetylene 

0.50 

106 

Ship  plate 

0.25   per   cent,    carbon 
steel  wire 

Electric 

0.50 

40C 

Tank  plate 

0.40  per   cent,    carbon 
steel  wire 

'     Oxyacetylene 

0.50 

4C4 

Tank  plate 

0.40   per   cent,   carbon 
steel  wire 

Oxyacetylene 

1 

0.50 

Q 

Bar  steel 

Not  known,  covered  elec- 
trode 

Electric 

1 

0.25 

A 

Armco  iron 

1  Not  welded 

0.50 

EWQ 

Tank  plate 

Roehling  electric  weld- 
ing wire 

Electric 

0.50 

EWN 

Tank  plate 

Roehling  electric   weld- 
ing wire 

Electric 

1 

0  50 

CBEl 

Tank  plate 

Roebling  electric   weld- 
ing   wire    with    2    per 
per  cent,  aluminum 

Carbon  arc 

0.50 

BSI 

Ship  plate 

Roebling  oxyacetylene 
welding  wire 

Oxyacetylene 

0.75 
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Fig.  1. 

FlO.   1. — AftEB  8TEAI 

Fig.  2. — Slip  bands  i 


I 


i«i' 

wi 


1 


FlQ.  3. 

Fio.  3. — Anothbe  set  of  curved  blip  bands. 
lUTEBtAL.      X  430. 

Fio.  4. — Slip  bands  inteqratino  into  grain 

>,  NOT  sharp  as  in  CFi,  106,  etc.     X  430. 


In  Armco  iron  the  grain  boundari 
higher  tensile  strenEth  of  CFi,  106, 
probably  stronger  than  the  slip  plai 
than  Arinco  iron  grain  boundaries. 


are  stronger  than  the  slip  planes.  Because  of 
Lc,  their  grain  boundaries  and  slip  planes  are 
8  of  Armco  iron,  though  they  may  be  weaker 
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Fio.  5.  Fio.  6. 

Fio.  5. — Usual  structube  of  weld.  Pbarute  and  cewenttfe  at  orajk 
BOUNDARIES.      X  430. 

Fia.  6. — Oxide  filus  at  obain  boundaries.  Thet  are  op  tbe  order  of  Ho.ooo 
IN.  THICK.     Many  of  them  in  this  weld.     X  430. 


Fio.  7. — Grain  boundary  bcpture  at  oxide  films  of  Fio.  6.     X  430. 

SpecimeD  40C.  wae  made  by  a  welder  who  had  never  used  thiBweldingtosterul; 
he  did  not  float  the  dirt  to  the  surface,  and  it  went  to  the  ^ain  boundaries.  Bie 
lack  of  experience  also  made  the  weld  lower  in  carbon  thaji  it  should  be.  Because 
of  the  many  defects,  test  was  stopped,  but  no  slip  bands  Had  appeared. 
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SpECIUEN  106, 


i:y^/. 


0--,  '-    j   ^_j[__^^^i        /' 


Fia.  10. 
o  OXIDE  Fiius.     X  430. 
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Speciuen  106. 


(->' 


Fio.  11.  Fig 

Fig.  II. — Sup  bands;  they  abe  independent  of  the  di 

AND    IN   MOST   CASES  CROSS  THEM.        X  430. 

FiQ,  12. — Slip  bands  at  45°  to  direction  or  strain;  , 
plates.     X  430. 


Fio.  13. — Globule  of  irok  bdrrodnded  by  filu  of  oxide.     Strain  has  opemkd 


S.    W.    MILLER 
SpECtUBN  106. 


Fio.  14.  Fio.  15. 

Fio.  14. — Secondart  set  op  lines  in  oeain.     Pbiuabt  set  in  N.  E.  and  S. 

COKHEBS  WHEBE  THE  BBCONDAJtT  LINES  AHE  ABSENT.       ThIS  STKUCTCRE  Al^O  OCC 
IHN-IZBD  tBON.       FlBST  TIUE  NOTICED  IN  ELECTBIG  VEU).       X   1200. 

FiQ.  15. — The  lakoe  plate  pob  soke  beason  hab  a  wide  oboovb  on  one  ai 
The  hup  bands  cbobs  the  plate  and  extend  on  other  side.     X  1200. 


mm. 


Fia.  16.  Fio.  17. 

Fio.  16. — This  enlaroed  view  or  Fio.  15  shows  slif  bands  fabsino  to  bottou 

Of  OBOOTK,  THSOnOH  PLATE,  WHICH  IS  BROKEN  IN  NUllEROrS  PLACES,  BtStNO  ON..THE 
OTHER  BIDE,  AMD  CONTINtTINO  THROUGH  PBRBITE.  StEPS,  DUE  TO  SLIPPING,  ABE 
CLEARLT  VISIBLe,  TBOUOB  THET  ARE  ROUNDED  AND  NOT  LIKE  SAW  TEETH.        X  2400. 

Pio.  17. — Sup  bands  pat  no  attention  to  lines,  but  cross  them  at  tiueb, 
ASD  AOAIH  stop  at  theu,  no  uatter  what  their  direction.     X  430. 
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necessary  and  that  it  varies  greatly  even  under  apparently  the  same 
conditions. 

The  etching  has  been  done  with  a  2  per  cent,  solution  of  nitric  iidd 
in  absolute  alcohol  and  has  been  carried  far  enough  to  show  the  grun 
boundaries.  The  result  of  this  heavy  etching  is  to  roughen  the  grains 
and  produce  structures  that  must  be  interpreted  with  care.  However,  as 
the  object  was  to  locate  the  grain  boundaries,  no  attention  has  been  p^d 
to  the  structures  shown  by  heavy  etching  unless  they  were  checked  by 
normal  etching  with  both  picric  and  nitric  acids.     In  some  cases,  espe- 

Specimen  106. 


-it 


if^'J 


Fig.  18.  Fio.  19. 

Fio.  18. — Gbain  boundary  rdptuhkb.     X  430. 

Fio.  19. — Sup  bands  tNTEoRATiNO  at  defect,  which  ib  probaslt  a  qas  focxr. 
X430. 

It  may  be  that  in  electric  welds  Bome  of  the  grain  houndarv  ruptures  are  caused  1^ 
invisible  films  of  oxide.  It  is  sure  that  Buch  ruptures  usually  occur  where  there  n 
no  prior  evidence  of  such  films;  but  theie  are  sometimes  spots  that  seem  porous  or 
unsound,  and  oxide  films  may  exist  in  their  vicinity.  It  is  well  to  digtin|;uisb  be- 
tween obvious  oxide  defects  and  grain  boundary  ruptures  due  to  other  causes.  The 
first  evidences  of  strain  in  any  weld  are  distortions  at  visible  defects. 

cially  where  the  grains  are  columnar,  the  orientation  appears  to  be  prac- 
tically the  same  in  many  grains,  and  it  is  very  difficult  to  show  the  grain 
boundaries,  even  by  very  heavy  etching.  In  such  cases,  heat  tintii^  is 
sometimes  of  advantage,  although  this  does  not  always  show  the  differ- 
ence between  the  grains. 

While  speaking  of  the  grain  boundaries,  it  may  be  well  to  call  atten- 
tion to  a  condition  that  is  brought  out  by  heavy  etching,  and  which 
was  particularly  examined  in  specimen  4C4.  Fig,  22  shows,  at  low  powa-, 
the  structure  of  the  greater  part  of  the  weld;  it  seems  quite  clear  that 
there  are  ferrite  boundaries  between  the  grains.  The  bodies  of  these 
grains  appear  to  consist  of  ferrite  with  pearUtic  lines  along  the  cleavage 
planes;  these  are  shown  at  higher  power  in  Fig.  23.     After  deeper  etching, 
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Speciuen  4C4. 


Fig.  20.  Flo.  21. 

Fid.  20. — On  like  or  weld  which  is  asove  dotted  une.    MttCH  carbon  in 
WELD.     X  100. 

FlQ.    21. ORiaiNAL  llATERIAL  UBI 

View  in  bottou  of  weld.     X  100, 


.1 


K\ 


Fia.  22.  Fio.  23. 

FiQ.  22. — View  in  weld  at  top.    Much  carbon,     Febeitb  lines 
kain  obain  BOXiNDARiEe.     X  100. 
FiQ.  23. — Enlarobment  of  Fio.  22,  bhowinq  peahute.     X  430. 
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Specimen  4C4. 


Fig.  24.  Fio.  25. 

Fio.     24. — Heavier    etchino    shows    grain   boundaries    clearly,   where 

orientation  changes,  and  secondary  grain  boundaries  in  s.  £.  corner.     x  430. 

Fig.  25. — Secondary  grain  boundaries  clear;  the  orientation  in  these 

GRAINS  is  probably  THE  SAME.   X  430. 

The  author  thinks  these  secondary  grain  boundaries  are  caused  by  leaking  out 
of  solution  of  FciC,  time  not  being  given  for  it  to  segregate.  In  some  cases  there  is 
enough  of  it  to  make  pearlite,  in  others  only  enough  to  appear  as  cement ite  and  in 
other  cases  the  films  may  be  ultramicroscopic. 


•-     ^' 


©- 


'%i*c 


*t« 


Fig.  26.  Fig.  27. 

Fig.  26. — What  appears  as  pearlite  at  low  power  has  two  aspects  at  higher 
POWER.  One  very  fine  grained  and  the  other  with  divorced  cementite. 
X  1200. 

Fig.  27. — Under  strain  rupixjre  begins  at  main  grain  boundaries,  slip  bands 
in  adjacent  ferrite.     x  430. 
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Spbciuen  4C4. 


Fio.  28.  Fio.  29. 

FiQ.  28. — Another  main  qbain  bottndart  bupturb  with  adjacent  blip  bands. 

Tm!>  18  VERT  COMUON  IN  THIS  WELD.        X  430. 

Fig.  29.— About  one-tbihd  of  a  BUPTimB.     Both   sides   PHOToaRAPHED   ab 

TRET    WERE    NOT    IN    THE    SAME    PLANE.       RUFTUBE    PASSES    AROUND    PEARLITE    AND 
IS  ENTIBELY  IN  PRRRITE.        X  430. 


Fig.  30.  Fig.  31. 

Fio.  30. — Grain  boundaht  buptdre  in  bottom  of  weld.     X  430. 
Fio.  31. — Vert  fine  grain  boundary  rupture  in  top  op  weld.     X  430. 
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there  appear  boundaries  of  what  are  apparently  smaller  grains,  and  it  is 
noticeable  that  these  boundaries  are  clear  and  distinct  where  the  orients* 
tions  of  the  grains  change,  as  shown  in  Fig.  24.  In  places  where  the 
orientation  may  be  the  same,  as  shown  by  the  parallelism  of  the  pearlite 
plates,  it  is  usually  difficult  to  see  the  grain  boundaries,  but  sometimes 
this  can  be  done,  as  in  Fig.  25.  The  structure  of  what  appears  to  be 
pearlite  is  shown  at  higher  power  in  Fig.  26.  There  appear  to  be  two 
varieties;  in  one  the  eutectoid  is  very  fine,  and  in  the  other  the  cementite 
is  clearly  visible  as  such. 

While  this  structure  is  from  an  oxyacetylene  weld,  electric  weldf  are 
quite  similar  in  appearance,  though  the  eutectoid  is  probably  not  pearlite; 

Specimen  4C4. 


eatB 


Pro.  32.  Fio.  33. 

Fig.  32.— Films  of  CEMBKnTZ.    The  one  at  A  is  vest  tbin.     The  o 

RUNS  GOT  TO  NOTHINO  AND  IS  0.00001  IN.  THICK  NEAR  THE  END.        X  1200. 

Fio.  33. — Vest  fine  grain  botindart  RCPrnRB.     At  its  ttpfbb  pakt  hindti 

FILMS  ARE  VISIBLE  WHICH  ARE  APPARENTLY  CEMENTITE.        X  1200. 

Further  strain  increased  ruptures  at  ferrife  grain  boundaries  both  in  siie  mi 
number.  Also  the  ruptures  like  Figs.  30,  31,  and  33  increased.  There  were  no 
ruptures  through  the  pearlitic  zone  or  along  aecondaiy  grain  boundaries. 


Figs.  8  and  80.  It  should  be  remembered  that  oxyacetylene  welds  made 
with  low-carbon  material  do  not  show  this  columnar  structure  nearly 
so  much,  and  that  these  secondary  grain  boundaries,  if  they  may  be  so 
called,  have  not  been  noticed,  the  ^rain  size  and  structure  being  as  in 
Figs.  46, 47,  and  48.  It  should  also  be  understood  that  almost  any  struc- 
ture can  be  found  in  any  weld  and  that  the  stivlmients  just  made  are  the 
author's  observation  of  the  usual  condition,  to  which  tltere  are  exceptions. 
The  author  feels  that,  in  the  present  case,  it  is  diFFitnlt  to  describe 
what  occurs  during  the  testing,  and,  therefore,  has  given  m«Bt  of  the 
information  with  the  photographs.     His  conclusions  froia  his  exauiii>a> 
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Fio.  34.  Fio.  35. 

Fia.  34. — STRVcTnKE  in  lower  part  of  weld,  where  grain  siee 
altered  by  beat  fboh  ttpper  later.  no  lines  in  grains,  but  e 
at  orain  bottndarieb.     x  430. 

Fio.  35. — Usual  structure  op  rebt  of  weld.  Lines  and  spots  as  usi 
oxtDE  SPOTS  THAN  in  Fiq.  34.     X  430. 


Fio.  36. 
Fio.  36.— One   of 

riliK  OF  CEODE  ABOUND  GLOBULE 

UNE-     X  430. 

Fio.  37. — Another  similar  di 

COBNER.       X  430. 


Fio.  37. 

IN    THIS    WELD.       VeET    thin 

r  OXIDE  JUST  inside  dotted 

3KET  OR   POROSITY   AT   N.    W. 
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Specimen  Q. 


Fio.  38.  Fio.  39. 

Fig,  38. — Anotheb  oxide  film.     AaotiT  one-tenth  op  it  shown.     X  430. 
Fig.  39. — Fibst  strain  opbnb  up  dbfectb,     Asodt  one-quartbb  or  Dsraer 


n 


Fia.  40. 
Pro.  40. — In  bottou  of  weld,  i 
Fig.  41. — Rtjptdkb  at  line  of 
t  out  of  f0cp8.     x  430. 


Fio.  41. 

L  breaking  AWAT  FROM  SI-AG.      X  430. 

DE  80  MUCH  BELOW  METAL  SHOWN  TBAT  IT  It 
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Fig.  42.  Fio.  43. 

Flo.    42. SURROUNDINQ  MBTAIi  IK  FlQ.  41   FOCUSED.       OpBKINO  OF  CRAI 

XTBNSION  S.  E,  SHOWN.       X  430. 

Fro.    43. FCRTHEB  STRAIN  OPENS  DEFECTS  UOBE.     SaUE  FIELD  AT  FtO.  3 


Fio.  44.  Fia.  46, 

Fio.  44. — Ruptuhes  at  rioht  angles  to  line  of  strain  are  souetiues  found, 

B8PECIALI.T    AT    DEFECTS.       AT  BOTTOW    OP   PIOURE    IS    METAL,    THEN    BtrPTURE,  THEN 
MOBB  MBTAJj,  OUT  OF  FOCUS,  ITS  TOP  EDOB  BEING  THE  TOP  OF  THE  WELD,        X  430, 

Fio.  45. — Slip  bands  at  upper  end  of  buptcrb  in  Fig.  39,     X  430. 

In  this  weld  there  were  16  defects  visible  before  applyinn  strain,  the  area  exam iDed 
was  ^  in.  X  H  '"■  I'  is  perfectly  poaaible  to  do  much  better  than  tliis,  if  proper 
dectrodes  and  current  are  used,  and  care  is  taken. 

This  weld  has  been  used  as  an  illustration  of  what  is  nere.ssani'  to  avoid;  that  is, 
freedom  from  even  microscopic  defects  is  necessary  for  the  best  work. 
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SPECIUEN   RAl. 


Fia.  46.  FiQ.  47. 

Fia.  46. — Gk&in  size  and  shape.    Laboer  than  in  CF2  and  not  coLomii*. 
X  430. 
FiQ.  47. — Strain  cadsbs  slip  bands,  not  okain  bocndabt  ituPTnBBe.     X  430. 


Pia.  48.  Fig.  49. 

Fio.  48. — Fdrther  strain  increases  number  or  slip  bands  which  here  cboM 

□RAIN  BOtTNDART.       X  430. 

Fio.  49. — Slip  bands  inteorate  into  grooves  or  dipfebences  in  level,  »it 
s  SHOWN.     X  430. 
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Specimen  RAl. 


FiQ.  50. 
Fig.    50.— Slip  dandb  do  not  here  crosb  grain  t 
tbrtical.  linb  is  a  scratch.     x  430. 

Fig.  51. — Further  strain  integrates  blip  rands  into  a  grain  boundary 
RDPTCRE.     This   ib  the   only  case   noticed    vb 
X  430. 


— With  fdbther  strain  surface  becomes  rough  and  uneven  due 
,ip  BANDS,  ETC.     But  there  is  still  no  evidence  of  grain  boundary 
X  430. 


PATH    OF   HUPTUHE    IN   STEEL   FUSION    WELDS 
SpBCIUKN    RE2. 
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^'  ■  .- 
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FiQ.  53.  Fio.  54. 

Fia.  53. — Grain  size  and  bhapb  siuilar  to  CF2.     Quite  a  LirrLE  peabuti. 
Grains  columnar.     X  430, 

FiQ.  54. — ^Grain  bocndary  RCPTCRBa  appear  with  blioht  strain.     X  430. 


Fio.  55. 
Fig.  55. — Sup  bands  appear  also, 
Fia.  56. — Larqe  defect  appeared 

IT    TO     OPEN     UORE,     A 
BOUNDARIES.        X  430. 


r  TRET  ARE  VERT  PINE.       X  430. 

FIRST  STRAIN.     Further  strain  caused 
ACK    SHOWN.     Both    at    aRiw 
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tions,  not  only  of  the  Bpecimens  mentioned  but  <A  a  number  <^  othere, 
are  as  follows: 

1.  The  first  evidence  of  strain  in  any  weld  is  at  whatever  visible  defects 
nuy  exist  in  the  weld,  such  as  films  <^  oxide  around  the  grains,  or  around 
sm&ll  particles  of  metal  as  in  electric  welds.  This  is  well  shown  in  Figs. 
7, 13,  39,  and  40.  The  latter  defects  are  very  common  in  electric  welds, 
as  ID  Figs.  36,  37,  and  38;  and  the  films  are  sometimes  very  thin,  as  in 
Kg.  36.  It  will  be  noticed  from  the  table  that  the  welding  materials 
low  in  carbon  appear  to  give  a  much  less  columnar  structure  in  gas  welds 
than  the  others,  compare  Figa.  46,  5,  53,  and  60;  this,  however,  is  difficult 
to  prove  by  photographs.     Also,  in  electric  welds,  the  structure  is  usually 

Specimen  RE2. 


I! 


'.'  1 


Fio.  57.  Fia.  58. 

¥ta.  ST. — Slip  bani>b  incbbabe  bai>ii>i.t  wits  fustheb  stbain  and  BouETtUES 

CBOee  ORAIH  BOUNDAXIEB.       X  430. 

F^O.  fiS. — ENI.ABOED  VIEW  OF  FlG.  57.      NiNB  SUP  BANDS  CROSa  GRAIH  BODNDAHT. 

Thet  could  not  all  b»  pHOToasAPasD  at  once.     X  1200. 

RE2  seemed  more  bnttle  than  CF2;  that  is,  more  ruptures  appeared,  and  Ims 
^t*ia  was  needed  to  cauee  them.  Slip  bands  seemed  to  increase  more  rapidly  than 
in  CF2  but  less  rapidly  than  in  RAl.  As  in  CF2,  grain  boundary  ruptures  cause 
most  of  tbe  distortion. 

more  columnar  than  in  gas  welds;  although  variations  can  be  noticed 
here  also.  It  would  appear  that  the  rapid  cooling  of  electric  welds 
is  responsible  for  this  and  that  the  slower  cooling  of  gas  welds  probably 
make  the  grains  more  nearly  equiaxed.  Again,  any  material  that 
preserves  the  pearlitic  structure  in  a  gas  weld,  such  as  vanadium  or  man- 
ganese, seems  to  produce  more  columnar  grains.  Aluminum,  in  con- 
siderable quantities  in  electric  welds,  makes  the  grains  excessively 
columnar,  the  structure  being  shown  in  Fig.  80,  and  very  large,  their 
columnar  appearance  in  the  fracture  being  noticeable  to  the  naked  eye. 
2.  If  there  are  no  defects  in  the  weld,  the  first  appearance  of  distortion 
varies  with  the  kind  of  weld  and  the  material  with  which  it  is  made. 
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Specimen  CF2. 


Fio.  59.  Fio.  60. 

Fio.  69. — Grain  shape  and  size  varies  from  this  to  Fio.  60.     X  430. 
Fio.  60. — Columnar  qrains  op  pebrite  and  pearlite.     X  430. 
In  both  of  these  there  is  conaiderable  pearlite  and  ccmentite  along  grain  bouDdsriea, 
due  to  vanadium  in  welding  rod.     The  graioa  are  also  small  compared  with  RAl. 


Fm 

61.— Grain  bocnd.^ 

RT 

DPTUR 

AFTER  MODERATE  STRAI 

.     X430. 

Fio. 

62.— Another  ora 

OPNDA 

T    RUPTCRB     WITH    SLIP 

BANDS     AT    END    OF 

to 

BOONDART.      SeB      FiOS. 

64,    66,    AND  72. 
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Speciubn  CF2. 


Fia.  63. 
Fio.  63.^Another  grain  boundabt  ruptubb. 
Fio.  64. — Further   strain  ope 

BCPTDRE  BEGINS  TO  CR083  GRAIN  BOONDART. 


Fia  65.  Fia.  86. 

Fig.  65.— .4xbo  smaller  ruptures  occur,  slip  bands  increase.  Two  bets 
sown  in  same  grain  at  center  of  field  which  is  near  bottom  of  weld.     x  430. 

Fig.  66. — With  further  strain  the  ruptures  become  wider  and  in  this 
[Bw  the  rupture  has  crossed  grain  in  center.  Such  a  crossing  of  the  grain 
i  BABE.     This  is  the  only  case  noted.    Slip  bands  also  increase.     X  430. 
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Spectmkn  CF2. 


FiQ.  67. 
Fig.  67. — Grain  bound  art 
in  grain.     x  430. 

Fig.  08. — Further  hufturbs 


IN  Pig.  63  bxtendb  and  bup  bands  APFSiH 

AT  ORAIN  BOUMDARIBS.       X  430. 


Fia.  69.     X  430.  Fig.  70.     X  1200. 

Gmn  bouodaiy  rupture  extending  into  pearlite.  In  larger  view,  end  of  pcArlile 
at  rupture  shows  to  be  below  surface  and  as  slip  bands  do  not  appear  to  be  lar^ 
enough  to  equal  the  width  of  the  crack,  it  would  seem  that  slip  haa  also  occurred  la 
the  pearlite. 
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In  ojtyacetylene  welda,  made  with  pure  iron  or  low-carboa  material, 
in  which  practically  all  the  carbon  is  burnt  out  during  the  welding,  and 
where  there  is  but  little  if  any  manganese  or  vanadium,  slip  bands  appear 
in  the  grains  first,  as  in  the  various  photographs  of  specimen  RAl. 
These  slip  bands  at  times  cross  the  grain  boundaries,  as  in  Fig  48, 
and  at  other  times  stop  at  the  grain  boundaries,  as  in  Fig.  50.  They 
appear  to  increase  in  number  and  form  cracks,  as  in  Figs.  49  and  51; 
but  there  is  seldom  any  evidence  of  rupture  at  the  grain  boundaries;  in 

Speciubn  CF2. 


Fio.  71.  Fia.  72.' 

Fio.  71. — Grain  boundary  rupture  passing  tbrough  fearlite,  the  onlt  case 

noticed.    x  1200. 

Fig.  72. — Further  increase  in  width  of  rupture  and  in  blip  bands;  see  Fiob. 

62,  64,  AND  GG.      X  430. 

While  many  slip  bands  appear  in  CF2,  the;'  arc  very  fine,  and  distortion  increases 

at  grain  boundaries  rather  than  by  slip  banda. 

Fig.  49  the  grain  boundary  is  shown  to  the  right  of  the  set  of  slip  bands. 
Fig.  51  shows  what  at  first  appears  to  be  a  grain  boundary  crack,  but 
much  of  it  is  really  nothing  but  an  accumulation  of  very  fine  slip  bands. 
Eventually  the  surface  becomes  a  mass  of  slip  bands  and  folds,  as  in 
Fig.  52;  after  which  it  becomes  impossible  to  determine  where  the  final 
rupture  occurs  though  it  is  doubtless  along  some  of  the  slip  bands. 

3,  In  all  electric  welds  and  in  oxyacetylene  welds  made  with  material 
containing  considerable  carbon,  say  0.4  per  cent.,  or  in  which  other 
elements  such  as  manganese  and  vanadium  are  in  sufficient  quantity 
to  maintain  a  pearlitic  structure  even  with  lower  carbon,  which  structure 
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Specimen  EWN— noeualized  krou  900°  C. 


Fig.  73.  Fio.  74. 

Fio.  73. — General  structure.  Heat-tinted  after  etcbino.  Dare  patcbes 
AND  LINES  are  purple.  .  Lines  clearer  than  in  weld.  Columnar  structure 
DESTROYED.    Lines  appear  sometimes  at  grain  boundarieb.     X  430. 

Fia.  74. — One  of  the  large  purple  patches  with  darker  purple  markings 
inside    EBBEUBUNfl    martgnsite  in  shape.    These  mat  contain  bomb  carbon 

AND  APPEAR  IN  NEARLY  ALL   PATCHES.      LtNES  SHOW  CLEARLY  ON  GRAIN  BOUNDARIES. 
X1200. 


Specimen  EWQ— heated  for  1  kr.  at  900°  C.  and  quenched  in  cold  water. 


Fio.  76.  Fio.  76. 

Fig.  75. — Grains  of  pearlitic  appearance  are  possibly  an  iron-iron  nitbide 
EUTECToiD.    Lines  in  grains  have  disappeared.     X  430. 

Fio.  76. — Eutectoid  appears  vert  fine  grained.  Same  as  Fig.  75,  but 
X    120a 
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Flc  77.  FlQ. 

Fig.  77. — Material    om  riort,  oRtaiNAL   melted  down  and  i 
Material  os  left,  oBiutNAL  altered  in  strcctcre  bt  the  heat.     X  100. 

Fig.  78. — Filus  around  oiiains  in  original  material  meltbd  down.     X  100. 


Fig.  79.  Fig.  80. 

Fig.  79. — Same  as  Fig.  78,  but  X  1200.     Note  one  spot  where  film  does 
fm  SHOW.     It  ta   tbere   probablt  too   pine  to  bb   seen.     Tub   films  arb 

FUnABLT  Fe,C. 

Fig.  go. — Large  columnar  grains  in  added  material.     This  is  trsuAL  strcc- 
tcre OF  THIS  WELC.      X  100. 
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is  also  quite  columnar  and  resembles  that  of  electric  welds,  the  patli  of 
rupture  is  invariably  along  the  grain  boundaries. 

These  conclusions  apply  only  to  welds  as  made  and  not  to  those  that 
have  been  heat-treated.     Also,  the  path  of  rupture  due  to  ^ock  w 

Specimen  BSI. 


Fia.  81. — Stbdctube  op  light  e 
(  NOT  KNOWN  BUT  poaaiBi.Y  thbi 
<.  1200. 


Fio.  82. — Lines  in  top  of  o.  a,  weld  resembling  those  in  electric  welds,  but 

LARGER  AND  THICKER  BECAUSE  OF  SLOWER  COOLINO.  ThBIR  NATURE  IS  NOT  KNOWS- 
ThBV  UAV  be  CAUSED  BT  ABHORI^tON  OP  NITROGEN  AT  THE  VERY  fnGH  TEMPERATUU 
BT  THE  MELTED  METAL.        X   1200. 

alternating  stress  may  possibly  be  different  from  that  due  to  tensile 
stress.     The  author  will  make  some  tests  along  these  lines  later. 

These  facts  are  very  interesting  and  evidently  have  a  bearing  on 
the  brittleness  of  certain  welds.  For  instance,  it  is  well  known  that 
electric  welds  are  comparatively  brittle,  but  the  author  has  never  seen  the 
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statement  made  that  oxyacetylene  welds  made  with  material  containing 
0.15  per  cent,  carbon  and  0.15  per  cent,  vanadium,  or  that  containing 
0.15  per  cent,  carbon  and  0.50  per  cent,  manganese  are  just  as  brittle 
as  electric  welds,  if  not  more  so.  Such  oxyacetylene  welds  are  also 
much  higher  in  tensile  strength  than  welds  made  with  low-carbon 
material  free  from  manganese  and  vanadium.  Also,  welds  made  with 
0.4  per  cent,  carbon  steel  with  normal  amounts  of  the  other  usual  ele- 
ments are  brittle. 

All  brittle  welds  resemble  each  other  in  that  the  structure  is  more 
or  less  columnar  and  that  they  contain  impurities  such  as  pearlite, 
cementite,  and  nitride  of  iron(?).  According  to  the  usual  understanding, 
during  the  solidification  or  cooling  from  high  temperature  of  a  metal, 
impurities  are  rejected  to  the  grain  boundaries.  Humfrey,  in  a  very 
interesting  paper*  on  the  intercrystalline  fracture  of  steel  has  shown 
that  intercrystalline  rupture  can  be  caused  by  overheating,  and  that 
proper  heat  treatment  restores  the  tendency  to  rupture  across  the 
grains  in  the  normal  way.  The  author  is  of  the  opinion,  from  rough 
tests  he  has  made,  that  the  brittleness  in  gas  welds  at  least  can  be 
removed  by  similar  heat  treatment.  He  is  not  so  sure  of  electric  welds, 
because  their  heat  treatment,  at  least  in  any  ordinary  way,  does  not 
remove  the  line  structure,  as  shown  in  Fig.  73,  in  which,  in  many  cases, 
the  lines  lie  either  on  or  very  close  to  the  grain  boundaries.  Fig.  74 
shows  some  of  these  lines  directly  on  the  grain  boundaries. 

There  are  also,  in  welds  so  treated,  and  which  have  been  heat-tinted 
after  etching,  patches  lying  at  the  grain  boundaries;  these  are  purple 
when  the  surface  of  the  specimen  is  a  light  brown.  The  lines  also  are 
purple.  These  purple  patches  usually,  but  not  always,  contain  zigzag 
lines  of  a  still  darker  purple,  as  shown  in  Fig.  74.  The  author  does  not 
know  the  nature  of  these  zigzag  lines  and  purple  patches,  but  inasmuch 
as  similar  patches  in  unannealed  welds  darken  when  boiled  in  sodium 
picrate,  he  thinks  that  they  contain  carbon.  The  purple  patches  are 
probably  nitride  of  iron,  which  heat-tints  purple  when  pure. 

The  quenching  of  electric  welds  appears  to  produce  an  entirely  dif- 
ferent structure,  as  shown  in  Figs.  75  and  76.  The  grains  here,  as  in  the 
the  normalized  specimen,  have  lost  their  columnar  nature,  as  would  be 
expected,  and  the  lines  have  entirely  disappeared,  the  nitride  of  iron 
apparently  forming  a  eutectoid  with  some  of  the  iron.  These  photo- 
graphs show  the  necessity  of  further  investigation.  Andrew  has  shown 
that  nitrogen,  in  sufficient  quantity,  suppresses  the  critical  points, 
so  that  it  is  a  question  as  to  the  exact  conditions  under  which  these 
changes  occur. 

It  seems  quite  clear  that  the  only  way  to  account  for  the  brittleness 


*  Carnegie  Schol  Mem.,  Iron  and  Steel  Inst.  (1912)  4,  80-107. 
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of  welds  is  to  assume  that  it  is  caused  by  films  of  material  at  the  grain 
boimdaries,  the  nature  of  these  films  differing  in  different  welds.  In 
specimen  CBEl,  made  by  the  carbon-arc  process,  there  is  one  spot 
where  the  original  material  was  melted  down  and  decarburized  by 
the  heat,  in  which  there  are  very  faint  films  around  the  grains,  as  shown 
in  Figs.  78  and  79.  These  films  are  evidently  cementite  trapped  at 
the  grain  boundaries  by  the  rapid  cooling.  They  are  0.00002  in.  thick 
in  places,  and  in  spots  where  they  cannot  be  seen  it  would  seem  entirely 
reasonable  to  suppose  that  they  exist,  but  are  ultra-microscopic. 
Similarly,  specimen  4C4  shows  in  many  places  very  thin  films  of  cementite 
of  the  same  or  even  less  thickness  as  shown  in  Figs.  32  and  33. 

It  would  not  seem  probable  that  in  metallic  electrode  welds  such 
films  would  be  of  cementite,  as  the  carbon  is  almost  entirely  burned  out; 
they  may  be  nitride  of  iron.  It  is  also  possible  that,  as  Humfrey  suggests 
in  the  paper  referred  to,  they  are  oxide  of  iron.  Fig.  6  shows 
comparatively  thick  films  of  iron  oxide  in  an  oxyacetylene  weld,  in 
which  there  were  nests  of  these  films  in  many  places.  Evidently  crystal- 
lization cannot  proceed  through  these  films,  whatever  their  nature, 
nor  does  it  seem  possible  that  amorphous  material  could  exist  there.  It 
is  quite  probable  that  where  the  films  are  cementite,  they  could  be  ab- 
sorbed by  heat  treatment.  This  could  occur  when  the  films  are  nitride 
of  iron  and  probably  is  impossible  when  they  are  oxide  of  iron.  It 
seems  quite  plausible  that  these  films  could  be  of  ultra-microscopic 
thickness;  and  as  all  of  them  are  brittle,  they  would  be  very  weak  under 
shock  and  probably  under  alternating  stress,  although  their  thinness 
might  account  for  the  high  tensile  strength  of  the  welds  in  which  they 
exist,  on  the  same  principle  that  a  thin  film  of  glue  is  stronger  than  a 
thick  film.  It  might  be  mentioned  that  metal  electrode  welds  have 
sometimes  a  tensile  strength  as  great  as  70,000  lb.  per  sq.  in.  (49.19 
kg.  per  sq.  mm.)  arid  would  probably  have  this  always  if  they  were 
sound.  Oxyacetylene  welds  made  with  low-carbon  material  have  much 
greater  ductility  and  resistance  to  shock  because  of  the  absence  of  these 
films;  and  it  appears  probable  that,  within  limits,  the  purer  the  material 
the  more  ductile  such  a  weld  will  be. 

While  the  author  questions  whether  anything  but  circumstantial 
evidence  can  ever  be  adduced  for  his  belief  in  the  presence  of  these 
films,  the  facts  are  that,  under  welding  conditions,  very  thin  films  that 
are  visible  do  exist;  and  that  with  welds  containing  impurities,  the 
breakage  is  always  at  the  grain  boundaries  where  it  is  known  that 
impurities  collect.  So  he  sees  no  reason  to  doubt  their  existence  and 
believes  that  they  are  responsible  for  the  brittleness  of  such  welds. 
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Some  of  the  more  important  properties  of  finished  materials  are 
strength,  ductility,  toughness,  resistance  to  alternating  and  repeated 
stresses,  etc.  Of  these,  the  property  that  appears  to  have  received 
the  least  consideration,  at  least  in  this  country,  is  toughness,  which 
is  due,  possibly,  to  our  regarding  toughness  as  a  quaUtative  property  or, 
at  any  rate,  as  one  that  parallels  ductility.  This  arises  out  of  our  greater 
experience  with  the  simple  carbon  steels  in  the  rolled  or  forged  (non- 
heat-treated)  condition  which,  qualitatively,  are  tough  if  ductile  and 
are  not  tough  if  brittle.  In  this  way  we  have  erroneously  become  ac- 
customed to  judging  the  toughness  of  a  material  from  its  behavior  in 
the  tensile  or  similar  test. 

The  point  of  view  presented  in  the  present  paper  is  that  toughness, 
like  hardness  or  tensile  strength,  should  be  regarded  as  an  independent 
property  and  of  sufficient  importance  to  require,  in  so  far  as  that  may  be 
possible,  quantitative  determinations.  If  such  be  true,  it  becomes  at 
once  necessary  to  devise  experimental  means  for  measuring  or  valuating 
toughness,  and  the  notched-bar  impact  test  (the  Charpy  test)  is  advanced 
as  the  most  logical  test  that  has  so  far  been  developed  for  this  purpose. 
It  is  further  advanced,  with  particular  emphasis,  that  we  have  two  kinds 
of  toughness  to  deal  with  and,  accordingly,  they  will  be  dealt  with 
independently. 

Classification  of  Materials  According  to  Toughness 

Toughness  has  been  defined  somewhat  as  follows:  Tough  materials 
are  those  that  offer  considerable  resistance  to  permanent  deformation 
but  which,  once  such  resistance  has  been  overcome,  may  be  deformed 
plastically,  but  only  by  the  expenditure  of  considerable  energy.  In 
other  words,  tough  materials  may  be  deformed  plastically  but  they 
absorb  a  considerable  amoimt  of  work  in  the  process.  This  kind  of 
toughness  may  be  called  "static*'  toughness  when  the  rate  of  loading  is 
reasonably  slow  or  "dynamic"  toughness  when  the  rate  of  loading  is 

*  Associate  Professor  of  Metallography,  University  of  Minnesota. 
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comparatively  rapid,  as  in  impact  testing,  but  in  all  cases  the  stress 
distribution  is  essentially  uniform.  However,  static  toughness  does  not 
imply  resistance  to  shock,  or  dynamic  toughness.  In  fact,  djmamic 
toughness  may  be  equal  to,  greater  than,  or  less  than  the  static  toughness, 
thus  dividing  materials  into  three  classes.  This  is  well  shown  by  num- 
erous cases  on  record. 

Tests  on  the  resistance  to  impact  of  cast-iron  bars,  as  made  by 
Russell,^  indicate  that  cast  iron  is  nearly  one-half  again  as  resistant  under 
impact  as  it  is  under  static  loading,  using  for  the  comparison  the  amounts 
of  work  absorbed  in  producing  fracture.  Considere,^  working  on  the 
dynamic  resistance  of  soft-iron  wire,  showed  that  to  produce  a  given 
deformation  greater  loads  were  required  if  suddenly  applied  than  if 
slowly  applied,  but  that  the  total  deformation  (ductiUty)  remained 
constant.  According  to  this,  soft  iron  absorbs  more  work  when  broken 
by  dynamic  loading  than  by  static  loading.'  One  of  the  most  notable 
cases  of  this  kind  is  that  described  by  De  Fr^minville*  in  discussing  the 
application  of  impact  testing  to  the  selection  of  metals  for  use  in  machine 
construction.  De  Fr^minville  considered  two  types  of  parts  according 
to  their  behavior  under  impact,  both  of  which  must  be  made  of  materials 
that  are  highly  resistant  and  able  to  absorb  heavy  impacts.  The  first 
type  must  do  so  and  yet  not  deform  appreciably,  while  the  second  type 
is  allowed  considerable  deformation  provided  the  part  so  stressed  is  able 
to  retain  its  original  shape  when  the  load  is  released.  During  the  course 
of  this  work,  one  steel  was  found  that  was  considerably  more  resistant 
under  impact  than  under  static  loading,  and  so,  for  his  purpose,  was 
particularly  valuable.  The  ordinary  (static)  tests  failed  to  bring  out  the 
superior  quality  of  this  steel.  The  type  of  materials  that  has  practically 
the  same  behavior  under  static  and  dynamic  loading  is  fairly  large,  as 
has  been  shown  by  the  work  of  Breuil,*  Hatt,*  Fremont, ^  Charpy,®  and 
Martens.* 

Tests  on  the  third  type  of  materials,  which  possess  remarkably  low 


1  S.  Bent  Russell:  Experiments  with  a  New  Machine  for  Testing  Materials  by 
Impact.     Trans.  Amer.  Sec.  Civil  Engineers  (1898)  89,  237. 

*  Contrib.  k  T^tude  de  la  Fragility  dans  les  Fere  et  les  Aciera,  p.  3. 

*  This,  of  couree,  does  not  mean  that  the  material  can  stand  repeated  loads  greater 
than  the  known  tensile  strength  even  though  they  be  applied  suddenly. 

*  Contrib.  k  T^tude  de  la  Fragility  dans  les  Fere  et  les  Aciera,  p.  475. 

*  Pierre  Breuil:  Abstract  of  paper  on  effects  of  stresses.     Jnl.  Iron  and  Steel  Inst. 
(1904,  No.  1)  66,  413. 

•W.  Kendrick  Hatt:  Tensile  Impact  Tests  of  Metals.     Prac.  Amer.  Soc.  Test. 
Mat.  (1904)  4,  282. 

"  Contrib.  k  r6tude  de  la  Fragility  dans  les  Fera  et  les  Aciera,  p.  150. 
« Ibid.,  p.  213. 

*  Adolf  Martens :  Handbook  of  Testing  Materials,  translation  by  G.  C.  Henning, 
233.    John  Wiley  &  Sons,  New  York,  1899. 
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resistance  to  impact,  were  carried  out  by  Considered"  who  brought  out 
some  very  interesting  points  in  connection  with  the  dynamic  properties 
of  metals.  The  resistance  to  impact  of  soft-iron  wire  under  shear  and 
under  tension  was  measured  with  varying  velocities  of  impact  by  gradu- 
ally increasing  the  height  of  drop  of  the  weight  producing  the  impact. 
It  was  found  that  the  resistance  to  impact  increased  directly  with  the 
velocity  of  the  impact  up  to  and  even  beyond  that  velocity  which  was 
sufficient  to  cause  the  rupture  at  one  blow.  By  still  further  increasing 
the  height  of  drop,  a  velocity  was  reached  at  which  the  material  broke 
suddenly  with  very  low  impact  resistance  and  with  negligible  deformation. 
At  velocities  above  this  critical  velocity,  the  resistance  to  impact  is 
obviously  much  inferior  to  the  static  strength.  By  increasing  the  weight 
to  a  certain  (critical)  amount,  the  resistance  to  impact  decreased  sharply 
as  soon  as  the  velocity  was  sufficient  to  cause  the  rupture  with  one 
blow."  In  such  a  case,  heavy  impacts  are  much  more  dangerous  than 
light  impacts  even  though  the  amount  of  energy  expended  is  the  same  in 
both  cases.  Temperatures  from  —10°  C.  to  150°  C.  were  found  to  have 
only  a  minor  (primary)  influence,  but  a  very  important  secondary  tem- 
perature influence  was  found,  inasmuch  as  low  temperatures  caused  a 
marked  lowering  of  the  critical  velocity.  These  tests  served  also  to 
bring  out  the  inferiority,  under  impact,  of  hard-drawn  iron  wire  as  com- 
pared to  annealed  wire.  Under  static  loading,  the  tensile  strength  of 
the  unannealed  wire  was  greater  than  that  of  the  annealed  wire,  but  under 
impact  both  the  deformation  and  the  tensile  strength  were  less  for  the 
unannealed  wire,  which  shows  that  in  certain  cases  a  high  static  tensile 
strength  is  not  a  sufficient  guarantee  of  strength. 

Notch  Toughness 

It  is  well  known  that  a  stress  applied  to  a  bar  that  has  a  sudden 
change  in  cross-section  along  its  length  produces  a  decidedly  non-uniform 
strain  distribution  at  the  change  in  cross-section.  If  the  change  in  cross- 
section  is  in  the  form  of  a  nick  or  a  groove,  the  strains  at  the  base  of  the 
nick  multiply  and  are  much  greater  than  the  average  strain  over  the 
cross-section.  Such  a  nick,  or  sudden  change  in  cross-section,  is  here 
referred  to  as  a  "notch,"  and  the  non-uniform  strain  distribution,  as  the 
"notch  effect."  The  ability  of  a  material  to  withstand  stresses  when  in 
the  notched  condition  is  referred  to  as  its  "notch  toughness." 

The  notch  effect  is  well  illustrated  every  time  a  blacksmith  nicks  a 
bar  to  break  it  off  at  any  particular  point.     Even  a  blow  by  the  hand 


"  Loc,  cit. 

*'  The  work  of  Considere  suggests  the  advisability  of  considering  all  impact  test- 
ing (weight  and  velocity  of  impact)  from  the  point  of  view  of  the  critical  velocity  and 
critic4il  weight  here  described. 
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produces  strains  at  the  base  of  the  notch  well  in  excess  of  the  resistance 
of  the  material  and  hence  produces  the  fracture.  A  similar  blow  on  an 
unnotched  bar  would  merely  bend  the  bar  over.  Thus  it  is  that  a  bar, 
even  though  made  of  normally  tough  material,  if  notched,  may  behave 
as  if  brittle.  Koenigsberger^*  has  shown  by  means  of  glass  models  that 
notches  localize  the  strains  and  that  the  neutral  axis  of  a  stressed  bar 
runs  close  to  the  peak  of  the  notch  instead  of  remaining  in  the  middle 
section.  Heyn^'  has  shown  that  a  lead  bar  cut  with  a  notch  has  an 
entirely  different  strain  distribution  under  bending  from  that  of  a  similar 
bar  without  a  notch.  The  volumes  of  the  strained  parts  were  as  1 : 3.76 
and  the  maximum  fiber  elongations,  measured  by  the  distortion  of  5-mm. 
squares,  were  120  per  cent,  and  70  per  cent,  for  the  notched  and  unnotched 
bars  respectively.  But  to  get  a  correct  idea  of  the  maximum  deforma- 
tion, the  extension  of  the  width  of  a  line  at  the  apex  of  the  notch  was 
determined.  The  original  width  of  the  line  was  0.25  mm.  but  after  de- 
formation it  was  found  to  be  5  mm.,  which  gave  a  deformation  of  1700 
per  cent.  It  has  also  been  shown,  by  Leon,**  that  a  transverse  notch  cut 
in  a  tensile  test  bar  produces  an  uneven  distribution  of  strains  over  the 
cross-section  at  the  base  of  the  notch,  the  greatest  strains  coming  at  the 
apex  of  the  notch.  These  cases  illustrate  the  notch  eflFect  as  it  occurs  in 
ordinary  metals,  which  is  to  localize  the  strains  in  the  neighborhood  of  the 
apex  of  the  notch,  at  times  to  such  an  extent  that  they  may  be  far  in  ex- 
cess of  the  resistance  of  the  material  under  tension.  In  excessively  brittle 
materials,  the  multipUcation  of  the  maximum  fiber  stress  is  even  more 
excessive.  An  example  of  a  notch  in  such  materials  is  the  small  file  scratch 
made  on  a  glass  rod  to  assist  in  breaking  off  any  particular  length. 

It  is  likewise  known  that  the  severity  of  the  notch  effect  increases  as 
the  angle  of  the  notch  decreases.  On  this  account  the  notch  effect  in- 
creases in  most  materials  when  fracture  starts,  because  the  angle  of  the 
fracture  is  generally  less  than  the  angle  of  the  original  notch.  Certain 
pliable  materials,  or  those  that  are  "self  healing,'  of  which  lead  is  an 
example,  behave  in  the  opposite  manner,  since  the  notch  becomes  more 
rounded  with  distortion.  In  the  same  way  a  material  of  high  notch 
toughness  is  much  less  dangerously  affected  by  a  notch  than  one  with  low 
notch  toughness,  a  point  that  will  receive  consideration  further  on. 

Notch  Effect  in  Engineering  Practice 

The  frequency  of  the  notch  effect  in  engineering  practice  has  been 
brought  rather  forcibly  to  the  writer's  attention  in  various  investigations 

"  Proc.  4th  Congress  Intern.  Assoc,  for  Testing  Materials,  Brussels,  1906,  Piper 
C4d. 

"  Martens-Heyn:  "Handbuch  der  Materialienkunde."  II  A,  374.  Berlin,  1912. 
Julius  Springer. 

^*  Oesier,  Wochenschrift  f.  d,  oeffentlichen  Baudieust.  (1908)  39|  43. 
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of  failed  p&Tts.  It  was  noted  that  the  notch  effect  may  at  times  be 
intentioDally  introduced  through  the  design  of  the  part  (sometimes 
faulty)  and  at  other  times  may  be  unintentionally  introduced  through 
faulty  or  careless  workmanship;  of  these,  the  latter  is  the  more  repre- 
hensible and  the  more  difficult  to  guard  against.  Another  equally 
important  point  is  the  necessity  of  considering  the  microstructure  and  the 
desirability  of  heat  treatment  as  a  means  of  overcoming  or  counteracting 
tie  effect  of  the  notch. 

A  certain  railway  company  suffered  an  extraordinary  number  of  splice 
bar  failures,  which  from  the  records  it  was  impossible  to  trace  to  roadbed 
conditions.  Tests  on  parts  of  the  failed  bars  showed  that  the  material  was 
well  up  to  the  quality  required  by  the  specifications,  so  that  no  basis  for 


FiQ.  2.— Same  a 


criticism  could  be  made  on  that  score.  It  contained  0.34  per  cent,  carbon 
and  0.018  per  cent,  phosphorus;  it  had  an  elongation  of  35  per  cent,  on 
2  in.  (50.8  mm.) ;  a  tensile  strength  of  65,200  lb.  (29,574  kg.) ;  and  a  yield 
point  of  33,000  lb.  (14,968  kg.).  On  making  a  microscopic  examination, 
the  steel  showed  considerable  free  ferrite,  in  characteristic  Widmann- 
stattian  structure,  as  may  be  seen  from  Figs.  I  and  2.  Furthermore,  the 
pearlite  was  of  the  familiar  lamellar  type  that  is  characteristic  of  slowly 
cooled  steels.  The  idea  developed  from  this  examination  was  that  the 
two  rails  and  the  splice  bars  form  a  notch  and  that  the  structure  <rf  the 
bar  was  such  that  it  could  not  always  adcqaatcly  resist  the  notch  effect 
produced  every  time  a  car  passed  over  the  rail  joint  (repeated  stresses). 
The  solution  of  this  problem  obviously  lay  in  correcting  or  improving  the 
structure  of  the  splice  bar,  to  which  end  a  series  of  heat-treatment  tests 
was  conducted.  By  subjecting  the  bar  to  a  temperature  of  900°  C.  for 
}^  hr.   and  quenching  in  oil,  a  structure  was  secured  that  was  princi- 
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pally  sorbite  with  onfyasmallamount  of  freefeirite.  The  tensile  strength 
was  increased  to  92,000  lb.  (41,730  kg.)  and  the  yield  point  to  45,000  lb. 
(20,411  kg.)  but  the  elongation  was  decreased  22.5  per  cent.  A  character- 
istic structure  is  reproduced  in  Figs.  3  and  4,  which  represent  a  small 
piece  of  a  failed  splice  bar  heat-treated  in  the  laboratory.  The  original 
coarse  A\  idmannstflttian  structure  is  replaced  by  a  network  structure, 


Fig.  3.     X  65.  Fig.  4.-- Same  as  Fio.  3.     X  665. 

Structure  of  spuce  bar  after  heat  treatment. 

the  major  part  of  which  is  sorbite,  a  constituent  composed  of  the  original 
pearlite  and  most  of  the  original  ferrite.  Compared  to  the  Widmann- 
stattian  structure,  sorbite  may  be  said  to  be  highly  resistant  to  the  notch 
effect.  By  the  adoption  of  heat-treated  splice  bars  the  difficulty  was 
eliminated. 


Fio.  5. 

Some  truck  forgings,  solid  rear  axles  and  steering  arms,  failed  while  in 
heavy  service.  These  parts  were  made  by  a  well-known  automobile 
axle  manufacturing  company  and  suspicion  rested  at  first  upon  the 
truck  drivers,  particularly  as  the  material  was  known  to  pass  all  specifi- 
cations. It  contained  0.485  per  cent,  carbon;  had  an  elongation  <rf  27.1 
per  cent,  in  3K  in-,  a  reduction  in  area  of  45.6  per  cent.,  a  tensile  strength 
of  77,5001b.  (35,153  kg.), andayieldpointof  39,9001b.  (17,690kg.).  An 
examination  of  the  axle  (not  heat-treated)  showed  that  the  taper  had 
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been  cut  by  a  roughing  tool  in  such  a  way  as  to  leave  the  notch  indicated 
in  Fig.  5.  Knowing  the  danger  of  the  presence  of  such  a  notch  if  the  steel 
werein  a  poor  physical  condition,  a  microscopical  examination  was  made; 
this  showed  the  condition  represented  in  Figs  6  and  7.     Here  again  the 


Fio.  6.     X  65.  Fig.  7.— Same  Aa  Fia.  6.     X  565. 


presence  of  a  relatively  large  amount  of  excess  ferrite  will  be  noted. 
The  result  of  a  simple  oil  quench  of  a  part  of  the  failed  axle  is  shown  by 
fii-  8.  \V"hile  the  free  ferrite  has  been  largely  eliminated  and  sorbite 
has  been  substituted  for  pearlite,  an  even  better  heat  treatment  would  be 


FlO.    8.— ^BUCTTURB    OF    AXLE   WHEN  OIL  QUENCHED;        X  130. 

to  quench  the  axle  in  water,  to  entirely  prevent  the  segregation  of  ferrite, 

and  to  reheat  to  produce  sorbite  and  the  requisite  mechanical  porperties. 

The  danger  of  a  keyseat  in  an  axle  is  well  illustrated  by  Figs.  9  and  10, 

which  show  the  extensions  of  two  cracks  leading  from  the  angles  of  the 
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keyseat.  If  good  engineering  practice  calls  for  such  a  keyseat,  the 
material  should  be  suitably  heat-treated  to  give  it  a  high  notch  toughness; 
or,  better  yet,  the  nnaterial  itself,  as  well  as  the  heat  treatment,  should  be 
selected  with  reference  to  its  notch  toughness. 

An  examination  of  the  truck  steering  arms  (which  were  heat-treated) 
also  revealed  the  presence  of  a  notch  due  to  defective  design  or  construc- 
tion of  the  drop-forging  die.  Microscopic  examination  of  the  failed 
steering  arms  showed  the  heat  treatment  to  have  been  imperfect  inas- 
much as  granular  pearlite,  instead  of  sorbite,  was  formed  which,  while 


Fro.  9. — Left  SIDE  or  K£TSEAT.     X  16.       Fio.  10. — Right  side  of  kevseat.    X  16. 

ductile  and  strong,  is  not  at  all  a  satisfactory  structure  in  the  presence 
of  a  notch.  A.  similar  examination 'of  satisfactory  steering  arms  showed 
sorbite. 

Tests  fok  Toughness 

It  has  been  customary  to  teat  materials  by  various  static  and  dynamic 
tests  and  to  judge  from  the  strength,  and  ductility  whether  the  quality 
of  the  material  is  sufficiently  high  tc*  warrant  its  use  regardless  of  the 
design  of  the  part,  its  relationship  to  either  parts,  or  possible  defects 
due  to  faulty  workmanship.  One  of  the  objects  of  the  present  paper 
is  to  show  that,  in  case  the  material  is  to  be  used  in  the  notched  condition, 
the  usual  tests  are  unable  to  differentiate  clearly  between  materials  that 
will  probably  stand  up  and  those  that  arc  likely  to  fail.  This  means  that 
it  is  necessary  to  supplement  the  ordinary  tests  with  a  test  on  notched 
bars. 

In  order  properly  to  define  what  is  meant  by  toughness,  it  was  nec- 
essary to  distinguish  between  conditions  of  uniform  and  of  non-uniform 
strain  distribution.  Likewise  in  testing  the  toughness  of  materials  the 
same  distinction  must  be  made,  a  point  tHat,  due  to  its  more  or  less 
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general  disregard,  is  somewhat  strongly  emphasized  here.     A  qualitative 

test  for  toughness  quite  commonly  used  is  the  nick  and  fracture  test 

for  fiber.    This  test  is  useful  to  a  certain  extent  but  it  should  have  no 

more  place  in  scientific  testing  of  materials  than  an  ordinary  scratch  test 

for  hardness.    The  reduction  of  area  in  the  tensile  tests  is  very  frequently 

looked  at  with  an  idea  of  sizing  up  the  toughness  of  the  material.     It 

is  more  correctly  a  measure  of  ductility  and  becomes  a  measure  of  static 

toughness  only  in  a  limited  sense,  inasmuch  as  it  is  the  ability  to  deform 

and  not  the  resistance  to  such  deformation  that  is  determined.     The 

area  of  the  stress-strain  diagram  may  be  taken  as  a  measure  of  the  static 

toughness.     Such  measurements  show  for  example,  that  the  toughness 

of  annealed  carbon  steels  increases  with  the  carbon  content  up  to  about 

0.3  per  cent.  C.     This  figure,  combined  possibly  with  the  resistance  to 

impact,  should  be  very  useful  in  case  the  strain  distribution  of  the  finished 

part  is  essentially  uniform.     The  value  obtained  by  dividing  the  tensile 

strength  by  the  proportional  limit  and  multiplying  by  the  elongation 

(Martens)  may  be  very  useful  in  certain  cases;  for  example,  in  bringing 

out  the  toughness  of  pure  copper.     The  value  of  this  determination  is 

also  limited,  as  it  does  not  include  the  resistance  with  which  a  material 

opposes  permanent  deformation.    All  of  these  values  are  of  undoubted 

importance  when  properly  interpreted,  but  none  would  bring  out  the 

weakness  of  the  materials  in  the  foregoing  examples.     In  fact,  due  to 

their  apparent  indication  of  strength  and  resistance,   they  would  be 

directly  misleading. 

The  recognition  of  the  peculiar  weakness  of  certain  materials  when 
in  the  notched  condition  has  led  to  the  development  of  the  impact  test 
on  notched  bars  as  a  supplement  to  the  customary  static  and  dynamic 
tests  and  for  the  express  purpose  of  testing  materials  for  toughness. 
In  its  present  form,  the  test  is  the  result  of  systematic  experiments 
extending  over  two  decades  or  more  by  Barba,  Fremont,  Charpy,  Ast, 
and  others,  which  culminated  in  the  reports  of  Charpy  to  the  Inter- 
national Association  for  Testing  Materials  in  1909  and  1912^*  and  of 
Ehrensberger  to  the  German  Society  for  Testing  Materials  in  1907.^* 
The  accumulation  of  evidence  over  this  period  made  possible  the  estab- 
lishment of  a  standard  test  so  that  now  it  can  be  safely  stated  that  the 
notched-bar  test,  or  in  particular  the  Charpy  test,  is  capable  of  supplying 
information  relative  to  toughness  that  the  tensile  test  gives  in  but  an 
imperfect,  and  often  in  a  directly  misleading,  manner.  The  test  shows 
the  great  danger  of  angular  notches  or  sudden  changes  in  cross-Section, 
particularly  when  material  of  low  notch  toughness  is  used. 

"  G.  Charpy:  Report  on  Impact  Tests  of  Metals.  Proc,  Int.  Assn.  for  Test. 
Mat.  (May,  1908-Feb.,  1910)  1,  No.  6,  IIli;  Report  of  Impact  Tests  and  the  Work  gf 
Committee  No.  26  (May,  lOlO-May,  1913)  2,  Pt.  2,  IVi. 

"Ehrensberger:  StahL  u.  Ei8en  (1907)  27,  1797. 
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In  the  report  of  Ehrensberger,  results  of  tests  on  three  classes  of 
materials  were  given:  forged  carbon  steels,  forged  special  steels,  and 
cast  carbon  steels.  These  three  classes  of  materials  can  be  compared 
by  means  of  the  figures  shown  in  Table  1,  which  are  taken  from  the 
report. 

Table  1. — Properties  of  Three  Kinds  of  Steels 

I — ' 

Forged  Carbon  Steels  ' 


Teat  No. 


Tensile 

Strength, 

Pounds  per 

Square  Inch 


Yield  Point,        Elonga- 
Pounds  per  tion,  • 

Square  Inch      Per  Cent. 


Reduction 

in  Area, 

Per  Cent. 


Notched 
Toughness, 
Meter-  ^ 
kilograms* 

ger  Square 
'entimeter 


Remarks 


1 

2 

9 

10 

25 


61,500 
64,100 
71,600 
71,800 

142,200 


51 
69 
71 
75 


32,700 
36,100 
42,000 
40,000 

93,000 


26.5 
26.0 
24.5 
26.4 

12.1 


64 
70 
70 
60 

36 


4.6 
20.4 
22.6 

4.7 

8.5 


Forged  too  hot. 
Correctly  foiiged. 

Failed     railway 
axle. 
High  carboa. 


Forged  Nickel  and  Chrome-nickel  Steels 


72,800 
130,000 
142,200 
270,200 


58,200 
108,600 
118,200 
232,500 


23.3 

15.1 

13.3 

6.5 


Cast  Steel 


70 
62 

56 
31 


42.1 

22.1 

19.3 

8.3 


161 


68,000 


37,700  22 . 9 


51 


3.7 


*  The  elongation  is  for  a  gage  length  equal  to  10  times  the  diameter. 

A  few  comparisons  may  serve  to  bring  out  the  value  of  the  Charpy 
test  for  toughness.  Tests  1  and  2  show  that  the  notched-bar  test  bring 
out  the  lack  of  toughness  (or  at  least  notch  toughness)  of  test  bar  1, 
which  was  forged  too  hot,  although  no  evidence  of  this  was  given  by 
the  tensile  test.  Tests  1  and  25  show  very  plainly  that  the  toughness 
cannot  be  entirely  judged  from  the  reduction  of  area  or  elongation; 
test  bar  1  is  the  more  ductile  of  the  two  but  test  bar  25  possesses  greater 
notch  toughness.  Test  10  shows  how  far  the  tensile  properties  can  come 
from  indicating  lack  of  toughness  as  the  probable  cause  of  failure, 
although  the  true  character  of  the  material  is  brought  out  by  the  notched- 
bar  test.  A  comparison  of  the  carbon  steels  with  the  special  steels 
reveals  a  superiority  for  the  latter  that  is  not  as  clearly  brought  out  by  the 
tensile  tests.  The  tensile  tests  indicate  that  the  special  steels  have 
greater  tensile  strength  for  the  same  ductility  but  the  superior  toughness 
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of  the  latter  is  better  brought  out  by  the  notched-bar  test.  The  tensile 
properties  of  the  cast-steel  specimens  show  that  cast  steel  may  have 
excellent  elongation  and  reduction  of  area,  and  be  thus  apparently 
ductile,  but  be  quite  lacking  in  resistance  when  tested  in  the  notched  con- 
dition. Thu.s  cast  steel  behaves  the  same  as  a  piece  of  over  heated  steel. 
In  Charpy's  report  of  1909,  an  interesting  case  was  cited  to  show 
that  the  notched-bar  test  can  give  information  regarding  steel  that  is 
in  no  wise  suggested  by  the  tensile  tests,  either  static  or  dynamic.  The 
results  obtained  with  two  steels  A  and  B,  really  the  same  steel  in  two 

Table  2. — Results  Obtained  by  Notched-bar  Tests 


t 

Elastic             Tensile      ,                        i    t,^„«*;««    1       c*.*;^             Teneile 
ct^         Limit,           Strength,       Elongation.  ,   ^^StJ^S,         p«SJ5i«.«          Impact 
^^     Pounds  per     Poundipir  '    PePCent.    '    pL^r^l        ^'^^V     Reeistance. 
,  Square  Inch  '  Square  Inch                              Per  Cent.    ,   Kilograms       KUograms 

1 

Charpy 

Teat, 

Kilograms 

A 42,800         59,900     '       32.0            67.2      '      179.5 

B 42,700         62,700     ,       32.0      ,       65.6            185.0 

I                    1 

205 
195 

44.0 
2.7 

different  conditions  of  heat  treatment,  are  given  in  Table  2.  Not  even 
the  resistance  to  fracture  produced  by  a  weight  falling  from  a  height 
of  about  100  ft.  (30  m.)  as  given  in  the  next  to  the  last  column,  indicates 
the  excessive  brittleness  of  steel  B.  The  microstructure  at  once  showed 
that  B  is  in  a  much  poorer  condition  than  A. 

These  figures  could  be  multiplied  almost  indefinitely  and  have  been 
well  known  for  over  a  decade.  There  can  now  no  longer  be  any  doubt 
that  there  is  some  property,  which  is  of  great  technical  importance, 
that  is  not  measured  and  in  many  cases  not  even  indicated  by  the  usual 
tensile  test.  In  spite  of  this  undoubted  fact,  the  Charpy  test,  which 
is  now  extensively  used  in  Europe,  is  given  but  little  attention  in  this 
country.  This  would  seem  to  be  due  to  lack  of  familiarity  on  the  part 
of  users  of  steel  with  the  facts  that  in  a  very  large  number  of 
cases  materials  are  used  in  a  notched  condition,  whether  intentionally 
or  otherwise,  and  that  when  so  used  the  tensile  test  offers  no  reliable 
index  of  their  probable  behavior.  If  these  points  were  considered,  the 
purchaser  would  certainly  insist  that  his  materials  show  a  high  degree 
of  notch  toughness  in  all  cases  where  they  are  to  be  used  in  the  notched 
condition. 

Various  objections  have  been  raised  to  the  adoption  of  the  notched- 
bar  test,  one  of  the  principal  ones  being  the  so-called  lack  of  uniformity 
of  the  results.  This  question  has  been  gone  into  rather  thoroughly 
by  Prof.  Howe,*^  and  more  recently  by  Charpy  and  Cornu-Th^nard.** 

^^  Trans,  (1913)47,501. 

»  G.  Charpy  and  A.  Comu-Th^nard:  Rev.  de  M4i.  (1917)  14, 84;  JrU,  Iron  and  Steel 
Inst.  (1917,  No.  2)  61. 
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In  a  number  of  cases  the  results  of  the  notched-bar  impact  test  are  not 
as  concordant  as  might  be  desired.  It  is  the  opinion  of  many  experi- 
menters, however,  that  variations  in  the  impact  resistance  of  sup- 
posedly similar  test  bars  are  due  to  actual  variations  in  the  material, 
the  wide  scale  of  the  Charpy  test  throwing  them  into  greater  prominence 
than  do  the  usual  tests.  The  truth  of  this  contention  is  demonstrated  by 
the  recent  work  of  Charpy  and  Cornu-Th6nard,  who,  by  using  excep- 
tionally uniform  and  homogeneous  bars,  secured  check  results  as 
close  as  1  to  2  per  cent,  and  scarcely  ever  varying  as  much  as  4  per  cent." 
The  results  obtained  by  the  commission  of  the  German  society  were 
suflEiciently  concordant  to  lead  to  the  adoption  of  the  test  and  the  minor 
variations  were  not  permitted  to  mask  the  fact  that  the  notched-bar  test 
is  capable  of  yielding  valuable  information  that  the  tensile  test  does  not. 

The  writer  is  informed  that  at  least  one  steel  plant,  which  has  done 
considerable  work  on  the  notched-bar  test  including  the  Charpy  test, 
has  found  the  concordance  of  results  to  be  very  satisfactory  and  capable 
of  yielding  possible  differences  of  impact  resistance  of  the  order  of  mag- 
nitude of  1:30.  Thus,  it  would  seem  that  lack  of  concordance  can  now 
no  longer  be  advanced  as  an  objection  to  the  adoption  of  the  Charpy  test. 

There  has  also  been  considerable  objection  to  the  presence  of  the 
notch  in  the  test  bar,  the  idea  being  that  the  nick  localizes  the  breaking 
point  and  so  does  not  test  the  weakest  cross-section.*"  This  is 
undoubtedly  a  point  that  must  be  considered  when  using  the  Charpy 
test.  For  example,  if  there  is  excessive  segregation  it  is  quite  possible 
that  the  base  of  the  notch  will  come  at  the  weaker  part  and  so  lead  to 
low  results.  At  the  same  time  such  a  variation  in  results  is  a  valuable 
indication  of  segregation,  so  that  by  breaking  a  number  of  test  bars 
not  only  can  the  average  value  be  obtained  but  non-homogeneity  in 
the  material  itself  can  be  determined.  The  object  of  the  Charpy  test 
is  not  so  much  to  test  any  particular  test  bar,*^  as  it  is  to  test  the  relative 
toughness  of  a  certain  material**  or  the  efficacy  of  a  certain  heat 


*•  Even  a  4  per  cent,  variation  could  scarcely  be  objected  to  on  the  score  of  lack 
of  concordance  in  the  light  of  the  present  practice  in  pulling  test  bare.  A  4  per  cent, 
variation  would  mean  a  variation  from  49,000  to  51,000  lb.  per  sq.  in.,  a  variation  that 
is  much  less  than  variations  due  to  improper  rate  of  loading,  improperly  holding  the 
test  bar  in  the  machine,  and  in  particular  to  the  general  neglect  of  the  proportional 
limit  in  favor  of  the  yield  point  as  a  measure  of  the  elastic  limit. 

»«  H.  M.  Howe:  The  Resihence  Test.  Met.  &  Chem,  Eng.  (1917)  17,  298;  Walter 
Kosenhain:  *•  Introduction  to  the  Study  of  Physical  Metallurgy,"  237.  New  York, 
1915.    D.  Van  Nostrand  Co. 

*^  The  use  of  the  Charpy  test  as  an  acceptance  test  would  hardly  merit  discussion 
until  the  value  and  importance  of  the  test  proper  is  generally  conceded. 

''  This  statement  is  subject  to  the  reservation  advanced  by  Prof.  Howe  that,  due 
to  the  greater  plasticity  of  low-carbon  steels,  we  cannot  directly  compare  steels  oi 
essentially  different  carbon  contents. 
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treatment.  Moreover,  it  is  quite  customary,  at  least  in  certain  quarters, 
to  precede  the  Charpy  test  by  macroscopic  tests  for  gross  segregations 
in  order  that  variations  due  to  such  segregations  may  be  eliminated. 

Recently  there  has  been  an  attempt  to  eUminate  the  notch  from 
impact  testing,  in  the  impact  shear  test  described  by  Dr.  McAdam. 
In  this  test,  an  unnotched  bar  is  sheared  by  an  impact  while  the  impact 
figure  is  read  the  same  as  in  the  Charpy  test.  It  has  been  argued*'  that 
by  eliminating  all  except  one  stress  the  impact  sheai;  test  is  superior  to 
the  Charpy  test.  There  can  be  no  doubt  that  materials  to  be  subjected 
to  shearing  stresses  by  impact  (in  an  imnotched  condition)  might  well  be 
tested  by  this  method;  but  no  test  on  imnotched  bars  can  be  substituted 
for  a  notched-bar  test.  The  correctness  of  this  assertion  is  supported 
by  the  results  of  the  impact  shear  test  according  to  which  such  materials 
as  properly  heat-treated  nickel  and  chrome-nickel  steels  fail  to  give  as 
much  resistance  to  impact  as  carbon  steel  or  even  ingot  iron. 

Summary 

Undoubtedly  the  occurrence  of  the  notch  effect  in  machines  and  engi- 
neering structures  is  much  more  common  than  is  generally  recognized. 
This  is  generally  due  to  the  design  of  the  structure  but  may  be  caused  by 
faulty  workmanship.  Even  a  hasty  examination  of  such  machines  as 
locomotives,  automobiles,  stationary  gas  engines,  steam  engines,  etc. 
reveals  an  amazingly  large  number  of  notches  and  in  many  such  cases 
the  material  composing  the  parts  should  have  a  high  degree  of  notch 
toughness  to  insure  against  failure. 

The  logical  test  for  such  materials  and  the  only  one  capable  of  yielding 
reliable  results  is  the  notched-bar  test.  This  test  should  supplement  the 
usual  tensile  or  hardness  tests  and  its  results  used  as  an  index  of  the  resist- 
ance of  the  material  to  the  notch  effect. 

A  factor  of  safety  is  generally  used  in  the  design  of  parts  of  machines 
requiring  the  material  to  have  a  certain  strength  combined  with  a  certain 
amoimt  of  ductility.  These  properties  are  written  into  the  specifications 
and  the  material  is  inspected  on  such  a  basis.  Neither  the  factor  of 
safety  nor  the  usual  properties  offer  a  guarantee  against  failure  in  cases 
similar  to  those  discussed  here.  It  is  for  this  reason  that  the  cause  of 
many  failures  remains  a  mystery  when  test  bars  taken  from  the  broken 
parts  are  found  to  pass  all  specifications.  The  Charpy  test  would 
undoubtedly  show  a  low  impact  value,  due  either  to  faulty  heat  treat- 
ment, in  case  the  parts  were  heat-treated,  or  to  lack  of  proper  heat 
treatment. 


'*  Personal  communication. 


TRANSACTIONS  OP  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
{subject  TO^REVISION] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
New  York  meeting,  February,  1919,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  diseuttion  in  writinir  may  be  sent  to  the  Eklitor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
UqIcsb  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1 ,  1919.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Davidson  Process  of  Casting  Formed  Tools 

BT  J.  E.  JOHNSON,  JR.,   NEW  TORE,   N.   Y. 
(New  York  Meeting,  February,  1919) 

The  production  of  metal-working  tools  has  been  revolutionized  within 
the  last  18  years,  since  the  invention  by  Taylor  and  White  of  a  process 
of  heat-treating  steel  tools,  which  resulted  in  increasing  their  cutting 
capacity  several  fold  over  what  it  had  been  before.  This  was  an 
exceedingly  important  invention,  although  it  consisted  principally  in 
establishing  this  fact:  overheating  when  it  accidentally  occurred  in  the 
ordinary  process  of  forging,  spoiled  the  steel,  but  if  carried  very  much 
farther  or  to  a  point  that  would  have  been  considered  absolutely  ruinous 
to  the  steel  under  the  old  ideas,  it  resulted  in  imparting  a  cutting  power 
several  times  as  high  as  had  ever  been  obtainable  before. 

The  quality  that  gives  the  steel  this  power  eventually  received  the 
name  of  "red  hardness."  This  name  originated  in  the,fact  that  tools 
possessing  this  property  retain  their  resistance  to  deformation  even 
when  subjected  to  such  severe  cutting  stresses  that  the  metal  just  back 
of  the  point  is  heated,  under  certain  conditions,  to  a  visible  red.  It  is 
interesting  in  this  connection  to  note  that  the  edge  of  the  tool  itself  does 
not  become  red  because  it  is  continually  cooled  by  the  fresh  metal  into 
which  it  is  forced. 

The  result  of  Taylor  and  White's  invention  was  an  intensive  study 
of  tool  steels  all  over  the  world  and,  although  there  was  great  diversity 
of  analysis  in  the  high-speed  steels  of  the  early  days,  these  steels  today 
generally  have  an  approximately  similar  composition,  the  principal  con- 
stituents being  from  15  to  20  per  cent,  of  tungsten,  from  4  to  6  per  cent, 
of  chromium,  from  1  to  2  per  cent,  of  vanadium,  and  from  0.50  to  1  per 
cent,  of  carbon.  It  is  probably  safe  to  say  that  standard  brands  of  such 
high-speed  steels  will  do  from  five  to  ten  times  as  much  work  in  a  given 
time  as  the  carbon  steels,  and  even  the  Mushet  steels,  which  were  the 
8ole  dependence  up  to  the  beginning  of  this  century,  when  the  Taylor- 
White  process  was  discovered.  With  the  increasing  cost  of  labor,  it  is 
not  surprising  that  these  steel*  have  driven  from  the  market,  for  all  but 
limited  purposes,  the  older  types  of  steel. 

These  types  of  steel  are  harder  and  more  difficult  to  work  than  ordinary 
carbon  steel.  It  was  for  several  years  considered  impossible  to  weld  them 
at  all  and,  while  this  can  be  done  now,  it  is  not  a  process  that  commends 
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itself  to  the  best  toolmakers.  For  the  ordinary  run  of  tools  made  from 
straight  bars,  such  as  those  used  for  lathes,  planers,  and  shapers,  the 
processes  of  manufacture  have  not  been  much  more  difficult  and  expen- 
sive than  the  same  processes  for  the  older  tools,  the  steel  being  cast  into 
small  ingots  and  then  rolled  or  hammered  to  bars  of  the  desired  section, 
from  which  the  desired  form  of  tool  is  produced  by  forging  and  grinding 
a  cutting  edge  on  one  end.  For  formed  tools,  such  as  milling  cutters, 
large  drills,  countersinks  and  other  shapes  that  do  not  lend  themselves 
to  production  from  the  straight  bar,  the  conditions  are  very  different 
from  those  obtaining  when  old-fashioned  carbon  steel  is  used. 

The  production  of  a  milling  cutter  or  similar  formed  tool  by  existing 
methods  is  an  expensive  operation.  First  a  blank  of  suitable  size  must 
be  produced  by  forging  an  ingot,  or  large  bar,  and  if  the  cutter  is  at  all 
large,  a  bar  of  extra  large  size  must  be  produced  in  order  to  make  it.  After 
forging,  the  rough  blank  is  annealed  and  then  sent  to  the  tool  room  for 
machining.  This  must  be  done  with  great  care  and  accuracy,  and  usually 
involves  a  multiplicity  of  operations,  since  the  formation  of  each  tooth 
involves  several  cuts.  The  labor  that  does  this  work  is  deservedly 
the  highest  priced  mechanical  labor  we  have  today,  and  its  output  is 
necessarily  limited  for  the  reason  that  after  forging,  which  is  a  rough 
operation,  much  stock  must  be  taken  off  in  the  production  of  formed 
cutters. 

The  production  of  formed  tools  of  high-speed  steel  by  these  methods 
involves  a  much  greater  cost  than  the  production  of  similar  tools  of 
carbon  steel  for  two  reasons : 

First,  the  expensive  alloys,  tungsten,  chromium  and  vanadium,  that 
must  be  liberally  used  for  good  high-speed  steel,  make  the  cost  of  the 
cast  metal,  irrespective  of  its  form,  many  times  more  expensive  than 
carbon  steel  (about  20  times  in  recent  years).  Forging  is  a  rough 
operation,  and  in  the  production  of  formed  tools,  much  of  the  forged 
blank  must  be  cut  to  waste,  but  if  the  number  of  pounds  is  the  same 
in  both  cases,  the  loss  in  dollars  and  cents  is  greater  with  the  high-speed 
steel  almost  in  proportion  to  its  higher  price. 

Second,  more  of  the  expensive  labor  required  for  this  work  must  be 
consumed  in  the  production  of  formed  tools  of  high-speed  steel  than  of 
carbon  steel  because  the  greater  hardness  of  the  former,  even  in  the 
annealed  condition,  is  necessarily  reflected  in  slower  machining. 

At  different  times  in  the  last  2  or  3  years,  various  people  have  con- 
ceived the  idea  of  casting  tools  to  shape  and  some  progress  has  been  made 
in  this  art.  It  is  understood  that  one  large  manufacturer  has  such  a 
process  in  more  or  less  regular  commercial  use.  There  are  three  diffi- 
culties with  this  process,  from  the  point  of  view  of  ordinary  steel  melt- 
ing practice:  (1)  That  of  getting  the  steel  killed  so  dead  that  it  will  be 
free  of  blow-holes  as  cast.     (2)  That  of  producing  a  metal  fluid  enough 
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to  flow  into  the  fine  parts  of  the  mold  and  give  sharp  true  castings.  If 
this  cannot  be  done,  only  the  rough  cuts  in  machining  the  cutters  are 
saved  and  the  difficulty  involved  in  cutting  the  scale  may  easily  ofifset 
this  gain.  (3)  That  of  producing  a  satisfactory  structure  to  give  great 
endurance  and  long  life  to  the  steel  without  the  refining  of  the  grain  which 
is  often  considered  to  come  only  from  the  forging  operation. 

A  year  or  two  ago  some  tools  made  by  a  direct  casting  process  came 
into  the  hands  of  A.  C.  Davidson.  It  was  soon  ascertained  that,  for  the 
reasons  just  stated,  they  could  not  compete  with  the  older  type  of  tools 
either  in  quality  or  price.  Mr.  Davidson  had  previously  found  that  it 
was  possible  to  kill  steel  much  more  completely  than  had  hitherto  been 
possible.  He  had  also  had  a  wide  experience  in  the  production  of  steels  for 
different  purposes  and  in  their  heat  treatment.  He  believed  that  by  the 
application  of  his  process  of  killing  the  steel  and  his  knowledge  of  heat 
treatment  he  could  eliminate  the  defects  in  cast  tools.  He  therefore 
began  a  long  series  of  experiments  for  that  purpose. 

In  April,  1918,  the  writer  was  retained  to  supervise  a  test  of  the  proc- 
ess and  see  whether  the  claims  made  for  it  could  be  substantiated. 
Mr.  Davidson  had  at  that  time  no  works  of  his  own  and  it  was  necessary 
to  hire  a  crucible  furnace,  which  had  at  one  time  been  used  for  making 
crucible  castings  but  which  had  been  out  of  use  for  some  months.  This 
furnace  was  of  poor  design  and  in  a  bad  state  of  repair,  but  it  was  thought 
that  it  would  serve  for  a  demonstration  heat.  Ten  lOO-lb.  crucibles  were 
accordingly  charged  under  the  inspection  of  the  writer  and  put  into  the 
furnace.  One  of  these  was  charged  entirely  with  high-speed  steel  scrap, 
largely  that  resulting  from  previous  melts  made  by  Mr.  Davidson.  This 
was  done  with  the  object  of  proving  whether  or  not  the  gates  and  risers 
resulting  from  the  casting  operation  could  be  worked  up  in  subsequent 
heats,  since  the  losses  that  would  result  would  destroy  the  value  of  the 
process  if  these  had  to  be  thrown  away. 

The  furnace  worked  so  badly  that  the  heat  instead  of  coming  out  in 
6  hr.,  as  it  should,  was  in  the  furnace  about  9  to  10  hr.  and  only  three 
pots  became  hot  enough  to  pour  at  all,  the  metal  even  from  these 
being  entirely  too  dull  for  the  best  results.  After  this  number  had  been 
poured,  the  cover  over  the  furnace  flue  collapsed  and  the  heat  had  to  be 
terminated.  The  conditions  surrounding  the  test  were  therefore  in 
every  way  unfavorable  and  disadvantageous.  Nevertheless  a  number 
of  milling  cutters,  countersinks  for  ship  rivets,  and  forming  tools  were 
cast,  some  of  the  best  of  them  coming  from  the  pot  charged  entirely  with 
scrap.  Two  of  the  cutters  and  one  of  the  countersinks  were  taken 
from  the  works  by  the  writer,  etched  with  private  identification  marks, 
turned  back  to  Mr.  Davidson  for  annealing,  machining,  hardening,  and 
grinding  and  were  then  returned  by  him  to  the  writer  for  test.  In  order 
to  have  a  fair  standard  of  comparison,  a  Brown  &  Sharpe  side  milling 
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cutter  of  one  of  the  best  brands  of  high-speed  steel  was  bought  directly 
from  the  works.  The  tests  were  made  at  the  Quintard  Iron  Works 
through  the  courtesy  of  the  owners  and  with  the  cooperation  of  the 
superintendent,  Mr.  Wittman.  The  6-in.  by  ^-in.  (152.4-mm.  by  19.05- 
mm.)  milling  cutter  contained  a  number  of  steam  holes  caused  by 
wet  molds.  It  was  by  no  means  a  perfect  casting,  nevertheless  it  stood 
up  favorably  against  the  Brown  &  Sharpe  cutter  under  the  most  extreme 
test  that  could  be  given  it. 

A  23^^-in.  by  J^-in.  side  milling  cutter  was  then  put  in  the  machine 
and  tested  at  gradually  increasing  speeds  until  finally  the  limit  of  the 
machine  was  reached.  The  cutter  was  taking  a  depth  cut  like  a  key- 
seat  in  a  bar  of  steel  of  0.30  or  0.40  per  cent,  carbon,  this  cut  being  the 
width  of  the  cutter  by  3^^  in.  (6.35  mm.)  deep.  On  the  final  test,  the 
cutter  was  run  at  a  speed  of  400  revolutions  per  minute,  with  a  feed  of 
7  in.  (177.8  mm.)  per  min.  This  is  a  linear  speed  of  about  250  ft.  (76.2 
m.)  per  min.  and,  as  stated,  was  the  limit  of  the  machine.  The  cut 
was  run  as  far  as  the  clamps  on  the  test  bar  would  permit,  and  as  it 
was  not  possible  to  test  the  cutter  any  more  severely,  the  test  was 
stopped  and  the  cutter  taken  out.  It  has  been  preserved  and  will  be 
shown  at  the  meeting.  As  far  as  I  can  see  it  shows  no  sign  of  the  gruel- 
ling test  to  which  it  was  subjected. 

The  countersink  for  ship  rivets  was  turned  over  to  Mr.  Milne,  the 
general  manager  of  the  Todd  Shipbuilding  Co.,  with  the  request  that  he 
give  it  a  thorough  try  out  in  comparison  with  the  best  countersinks 
obtainable  in  the  market.  No  quantitative  tests  were  made  at  this  plant 
but  Mr.  Milne  reported  that  the  countersink  compared  most  favorably 
with  any  others  that  could  be  obtained. 

In  spite  of  the  fact  that  the  casting  conditions  were  so  bad,  the  results 
of  the  test  seemed  to  indicate  the  probability  that  tools  could  be  produced 
by  this  process  free  from  blow-holes  and  sufficiently  true  to  form  to  be 
finished  merely  by  grinding  the  cutting  edges. 

The  structure  of  the  steel  appeared  to  be  so  good  and  the  tests  were  so 
satisfactory  that  Mr.  Davidson  was  advised  to  proceed  with  the  commer- 
cial development  of  the  process.  A  small  foundry  was  obtained  in 
Brooklyn,  a  crucible  furnace  built,  molding  machines,  etc.  installed,  as 
well  as  machine  tools  for  finishing  or  partially  finishing  the  product. 
Production  was  started  in  August  and  has  proceeded  regularly  ever  since. 
At  the  present  time  the  business  has  developed  so  that  an  electric  fur- 
nace is  being  put  in  for  melting  the  steel  which  it  is  expected  will  be  in 
operation  by  the  time  this  paper  is  published. 

Many  tests  have  been  made  of  these  cast  tools  against  the  best  of 
the  forged  machined  tools  obtainable  in  the  market,  and  in  practically 
every  instance  the  cast  tools  have  proved  superior  to  the  machined  ones, 
sometimes  by  a  very  large  margin. 
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Various  tools  in  different  stages  of  completion  will  be  shown  at  the 
meeting,  which  illustrate  the  work  that  is  done  and  the  character  of  the 
steel  far  better  than  it  can  be  described  in  words.  It  will  be  noted  that 
milling  cutters  are  cast  with  a  projecting  lip  on  the  cutting  edge;  this  is 
finished  entirely  by  grinding  and  with  little  more  expense  than  the  grind- 
ing of  a  machined  tool.  A  perfect  edge  is  obtained  in  this  way  with  a 
minimum  of  labor  and  lost  steel,  while  the  possibility  of  local  defects  is 
avoided. 

The  material  used  for  killing  is  a  secret  of  which  the  writer  has  no 
knowledge;  it  may  be  said,  however,  that  the  results  are  striking  in  the 
last  degree. 

The  notable  features  are  three:  First,  the  extraordinary  freedom 
from  blow-holes;  second,  the  fluidity  of  the  metal;  and  third,  the  entire 
absence  of  coarse  crystallization  in  the  casting. 

In  regard  to  the  first  of  these  features,  it  may  be  stated  that  the 
foundry  ran  for  several  weeks  before  the  completion  of  its  baking  oven, 
pouring  the  steel  largely  into  green-sand  molds,  and  yet  made  satisfac- 
tory tools,  their  being  only  a  few  steam  holes  near  the  surface.  Since 
the  dr3ring  oven  was  put  into  operation,  blow-holes  of  any  description 
are  practically  unknown. 

In  regard  to  the  second,  the  metal,  instead  of  having  a  comparatively 
ropey  pour,  is  thin  and  fluid  more  like  good  hot  cast  iron  than  like  steel. 
As  a  result  the  details  of  small  cutters  are  cast  practically  perfect,  as 
shown.  These  results  are  not  picked  samples  but  represent  the  general 
run  of  the  work  done. 

In  regard  to  the  third  feature,  it  is  well  known  that  most  steel,  when 
cast,  has  a  coarsely  crystalline  or  fiery  structure,  but  an  examination  of 
the  fresh  fractures  of  this  steel  shows  that  this  is  almost  wholly  absent ; 
in  fact,  the  structure  of  this  steel,  as  cast,  looks  more  like  that  of  forged 
steel  than  it  does  like  a  casting. 

Pbr  the  benefit  of  the  scientifically  inclined,  photomicrographs  are  here 
presented,  which  were  prepared  by  Sauveur  &  Boylston  of  Cambridge, 
Mass.  These  reveal  the  microstructxu^e  of  a  first-class  make  of  forged 
and  machined  high-speed  steel  cutter  and  of  a  Davidson  tool.  With  these 
are  submitted  a  statement  prepared  at  my  request  by  H.  M.  Boylston, 
of  the  above  firm,  which  is  as  follows: 

Davidson  Tool  Manufacturing  Co,,  D,  T,  M.  Cutter, — This  was  a 
piece  about  %  in.  (19.05  mm.)  in  section,  showing  a  scale  on  all  sides  but 
one,  which  had  evidently  been  cut.  We  prepared  the  cut  surface  and 
photomicrographs.  Figs.  1  and  2,  represent  the  structure  respectively  at 
100  and  400  diameters.  It  will  be  seen  that  the  structure  is  fairly  fine 
for  a  casting  and  consists  of  a  light  matrix  in  which  some  polyhedral 
networks  can  be  indistinctly  seen,  Fig.  2.  Embedded  in  this  matrix 
are  three  other  constituents;  one  a  dark  mottled  constituent  resembling 
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troosto-sorbite  in  ordinary  carbon  steel  and  resembling  also  the  dark 
constituent  in  a  cast  high-speed  steel  of  ordinary  composition  or  oF  an 
ordinary  high-speed  steel  after  forging  and  annealing.  The  second  con- 
stituent is  a  light  hard  one  forming  a  herring-bone  design  and  is  plainly 
a  eutectic  of  some  sort.     It  is  similar  in  quality  but  greater  in  quantity 


Fig.  1.— Section  op  D,  T.  M,  cottbh  Fiq.  2. —Section  of  D.T.M.  curm 

PROM  THE  Davidson  Tool  Manopac-  frou  thb  Davidson  Tool  Ma.wfac- 

TtJBINO     Co.,     ETCHED    IN    6    PER    CENT.  TORINO     Co.,      ETCHED    IN    5    FEB    CENT. 

NITAL  SOLUTION  FOR  30  BEC.       X  100.  NITAL  30LCTION  FOR  30  BBC,       X  400. 


to  the  so-called  carbide  envelopes  found  in  ordinary  cast  high-speed 
steel.  The  fourth  constituent  consists  of  a  series  of  separate  small 
rounded  hard  white  spots  similar  to  the  excess  carbide  found  m  an 
ordinary  high-speed  eteei  both  before  and  after  hardening,  provided  the 
sum  of  the  carbon,  tungsten,  and  chromium  contents  are  high  enou^. 
The  structure  of  this  sample  is  more  like  that  of  an  ordinary  high-speed 
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steel  casting  tban  that  of  a  well-treated  high-speed  steel  after  forging, 
aonealing,  and  heat  treatment,  but  it  is  also  clearly  different  from  the 
structure  of  an  ordinary  high-speed  steel  casting  of  good  quality,  in 
that  the  dark  constituent  of  a  sorbitic  appearance  is  much  less  in  quan- 
tity than  in  an  ordinary  high-speed  steel  casting,  while  the  herring-bone 
eutectic  is  larger  in  quantity  than  is  found  in  the  carbide  envelopes  of  an 
ordinary  high-speed  steel  casting.     The  ordinary  casting,  also,  does  not 

nstituents  seen  in  the  D.  T,  M.  tool, 
has  some  austenite  (the  polyhedral 
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nary    commercial    high-speed    steel 

100  and  400  diameters  respectively 

■nd  4. 


Fio.  4. — Section  op  cast  hioh-spbed 

STEEL,    ETCHED    IN    5    PEE    CENT.     NITAL 
BOLDTION  FOR  30  SBC.       X  400. 

rhe  structure  of  the  commercial 
lat  of  a  commercial  high-speed  steel 
ree  carbide  forming  almost  complete 
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ue  to  the  tempering  process.  The 
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high-speed  steel  forged  cutter  that 
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this  sample,  which  would  seem  to 
ning  has  either  been  too  low  or  has 
s,  so  that  the  annealed  structure  is 

that  the  networks  of  austenite  are 
lint  of  free  carbide  present  are  addi- 
it  treatment.     While  we  have  called 
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this  defective  heat  treatment,  it  may  not  be  a  very  serious  matter  in  a 
cutter  of  this  size,  although  we  should  look  for  brittleness  at  the  edges  of 
the  cutting  teeth  which  are  on  the  periphery  of  the  cutter. 

The  photographs  are  magnified  100  and  400  diameters  respectively, 
and  marked  Figs.  5  and  6. 

We  are  not  prepared  to  make  any  statement  in  regard  to  the  prob- 
able cutting  properties  of  the  D.  T.  M.  fragment  as  compared  with  the 
Brown  &.  Sharpe  cutter,  since  it  would  take  actual  cutting  tests  to  deter- 
mine this. 


Fig,    5. — Section    or    a    Brown    4 

Fig.   6.— Section   of   a   Bkown  4 

Sharpe  millino  cutter,  etchedin  5  per 

Sharpe  uillino  cdtter,  etched  in  5Fn 

CENT.  NITAL  SOLUTION  FOB  7  MIN.     X  100. 

cent.nital80i,dtionpoh7min.    X40a 

Since  the  feathery  constituent  mentioned  by  Mr,  Boylston,  and  shown 
in  the  photomicrographs  of  the  Davidson  tool,  appears  from  Mr.  Boylston's 
statement  to  be  rather  rare  and  is  abundant  in  this  steel,  I  am  led  t« 
think  that  the  surprising  quality  of  these  tools  may  b^  due,  in  some  degree, 
to  the  presence  of  this  constituent.  It  seems  well  to  point  out  here,  how- 
ever, that  the  metallography  of  cutting  tools  is  not  sufficiently  devetoped 
to  enable  us  to  say,  even  from  a  good  photomicrograph,  that  a  certain 
tool  is  definitely  good  or  bad.  The  science  will  undoubtedly  reach  a 
state  of  development  where  this  will  be  possible,  but  for  the  present  the 
only  safe  gage  of  the  quality  of  high-speed  steel  tools  is  a  test  under 
working  conditions,  the  test  to  be  continued  to  destruction  if  possible. 
Judging  from  the  number  of  cases  in  which  the  cast  tools  have  out- 
stripped all  others  in  such  tests,  a  suggestion  not  unworthy  of  considera- 
tion is  that  the  structure  shown  by  the  Davidson  tools  is  that  at  which 
other  toolmakers  should  aim. 
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Prevention  of  Columnar  Crystallization  by  Rotation  During  Solidification 


BIBEKRTU.  BOWE,     LL.D.,  SC.D.,  AND  B.  C. 

(New  York  Meetinc.  February,  1919) 

(A  Contribution  from  Green  Peace  Laboratory) 

That  the  quiescence  of  a  liquid  while  it  is  solidifying  should  favor  the 

formation  of  columnar  crystals,  normal  of  the  cooling  surface,  is  seen 

readily  on  considering  the  mechanism  of  solidi&cation. 

First,  each  particle  of  any  composite  liquid,  whether  it  be  an  aqueous 

solution  or  a  molten  metal,  in  solidifying  splits  up  into  two  parts,  different 

in  composition  and  hence  in  fusibility.     One 

part  is  infusible  at  the  existing  temperature, 

and  hence  solidifies,  and  in  general   attaches 

itself   to   the   inclosing   walls  of   metal   which 

have  already  solidified;  A,  Fig.  1.     The  other 

part  ia  fusible  at  the  existing  temperature  and 

hence  remains  molten.     In  the  ease  of  carbon 

steel,   the   part   of  each  drop  which  actually 

solidifies   is  poorer   in   carbon  than  the  drop 

itself  was  before  it  began  to  solidify,  and  this 

impoverishment   of    the    solidifying   half -drop 

enriches    the  other  half-drop   in   carbon,   and  i-t»>  "( u,«id 

thus  makes  it  unfreezable  at  the  existing  tem-       F'o.  l— Mechanism  op 

.  HOLIDIFICATION. 

perature. 

By  this  mechanism  there  arises  during  solidification  a  'Mittoral"  or 
shore  layer  of  liquid,  B,  Fig.  1,  bathing  the  already  solidified  walls,  and 
more  fusible  than  either  those  walls  or  the  great  remaining  central  mass 
(^liquid  or  "deep  sea,"  C,  from  which  it  separates  them.  It  is  essential 
that  we  grasp  clearly  this  conception  of  a  fusible  littoral  molten  layer 
coating  the  already  solidified  walls  and  separating  them  from  the  deep  sea. 

Meanwhile  heat  is  flowing  rapidly  outward  through  these  waits,  its 
escape  cooling  them,  so  that  if  any  given  particle  of  the  deep  sea  metal 

•  Chairman.  Engineering  Division,  National  Research  Council  and  Bureau  of 
Standards. 
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could  get  past  this  littoral  layer  and  come  into  contact  with  the  solid 
walls,  it  would  in  turn  solidify,  and  like  its  predecessors  would  split  up  in 
sohdifying  into  a  less  fusible  half -drop  which  would  attach  itself  to  thoee 
walls  and  a  more  fusible  one  which  would  remain  molten.  Thus  we  see 
that  solidification  can  be  continued  only  by  some  process  of  diffusion 
or  convection,  which  will  bring  the  freezable,  because  less  fusible,  deep 
sea  metal  past  this  fusible  envelope  which  coats  the  solid  walls,  and  iDto 
contact  with  them. 

And  this  brings  us  to  the  columnar  mode  of  crystallizii^.  Any 
projection,  such  as  D,  fram  the  face  of  the  walls  will  be  reached  earlier 
than  the  adjoining  smooth  unprojecting  parts  by  the  freezable  deep  sea 
particles.  Further,  each  such  projection  increases  its  advantage  ovct 
the  neighboring  smooth  faces  with  every  fresh  addition  to  its  tip.     More- 


over, this  increment  of  advantage  is  continuous,  and  indeed  continuously 
self-exaggerating.  Growth  at  the  tips  of  these  projections  in  itself  U 
the  columnar  growth. 

This  sketch  of  the  growth  has  been  somewhat  simplified  by  dwelling 
on  convection  as  leading  freezable  droplets  past  the  fusible  and  unfreeia- 
ble  littoral  layer  of  the  molten  mass.  But  what  we  have  sketched  aa 
true  of  convection  should  be  true  of  diffusion,  which  is  probably  more 
effective  than  convection  in  feeding  the  tips  of  the  protruding  crystals. 

Having  come  thus  far,  we  take  the  next  step  of  recognizing  that 
agitation,  in  that  it  tends  to  bring  fresh  freezable  metal  from  the  deep 
sea  to  the  sides  also  of  the  growing  crystals,  thus  diminishes  the  advantage 
which  the  tips  have  over  the  sides,  and  thus  diminishes  the  columnarity 
of  the  growth.  In  particular,  if  we  can  keep  the  molten  metal  constantly 
sweeping  past  our  supposed  projections,  it  will  in  the  first  place  sweep 
away  the  fusible  littoral  layer,  and  in  the  second  place  bring  fresh 
freezable  deep  sea  metal  to  the  sides  as  well  as  to  the  ends  of  the  columns. 

The  harnifulness  of  the  columnar  structure,  especially  if  the  columns 
themselves  are  coarse,  is  seen  by  considering  a  later  stage  of  this  growth, 
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as  sketched  in  Fig.  2.  In  the  case  of  steel  ingots,  the  splitting  up  which 
accompanied  the  solidification  of  each  droplet  rejects  not  only  carbon 
but  also  phosphorus  into  the  littoral  layer.  If  the  parts  of  this  which 
wash  the  sides  of  the  columns  are  well  landlocked,  as  id  Fig.  2,  this  local 
concentration  of  the  littoral  layer  in  these  elements  will  continue,  and  will 
progressively  exaggerate  itself  as  solidiScation  progresses,  leading  at  last 
to  a  marked  local  enrichment  or  segr^ation  of  these  and  other  elemente 
in  the  part  midway  between  each  pair  of  neighboring  crystals.     This 


Fig.  3. — Upper  burface  or  botated  inqot,  showing  stbono  spiral  uarkinqs. 


is  very  harmful,  because  this  segregate  forms  a  brittle  link  in  the  chain, 
where  rupture  may  occur  under  a  shock  which  would  fail  to  break  the 
metal  if  it  were  uniformly  distributed. 

Continuously  varying  rotation  during  solidification  should  evidently 
be  a  very  effective  way  of  keeping  the  molten  metal  sweeping  past  the 
growing  walls.  This  was  proposed  by  Tchernoff'  before  1880,  and  was 
carried  out  by  Webb.*  Tchernoff  pointed  out  that  the  rate  of  rotation 
for  this  purpose  should  be  as  great  as  possible  at  first  and  that  its  direc- 
tion should  be  changed  rapidly  and  violently. 

Webb'  cast  locomotive  driving  wheels  thus,  feeding  the  mold  in  the 
center,  while  rotating  it  slowly  at  first,  accelerating  the  rotation  to  about 

'  D.  K-  Tchernoff:  Structure  des  Lingotd  Coul^B  en  Acier.  Rev-  Universelle  (1880) 
I2l  7,  154. 

>  JrU.  Iron  and  Steel  Inst.  (No.  2,  1882),  522. 
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40  to  50  revolutions  per  minute  when  the  mold  was  filled,  and  then  reduc- 
ing the  speed  gradually.  These  two  inventors  almost  certainly  intended 
to  prevent  columnar  crystalhzation  by  this  means,  though  the  mechanism 
of  solidification  was  not  known  then.  Our  experiments  carry  out  their 
foi^otten  and  re-invented  process. 

In  order  to  cause  the  continuous  variation  of  rate  of  rotation,  we  set 
the  vessel  in  which  sohdification  is  to  occur  on  the  horizontal  disk-of  & 
common  polishing  machine,  such  as  is  used  for  preparing  sections  for 
microscopic  examination.  By  holding  the  belt  which  drives  this  disk 
in  the  hands  one  can  readily  bring  about  a  very  rapid  and  continuous 
variation  in  the  rate  of  rotation,  by  starting  the  rotation  slowly  to  the 


Fia.  4.  Fig.  5. 

Fio.  4. — Stationart  ingot.     X  1.  Fig.  5. — Rotated  ingot.     X  1- 

Abodt  bau  op  tbe  btched  verticai.  section  of  each  ingot  is  shown  hebi. 

right,  clockwise,  bringing  it  rapidly  to  a  maximum  and  again  retarding 
it  and  replacing  it  with  contra-clockwise  rotation.  In  order  to  show 
clearly  the  effects  of  this  rotation,  two  like  lots  of  the  liquid  or  molten 
mass  in  each  experiment  were  poured  in  immediate  succession  and  in 
like  manner  into  two  like  vessels,  one  of  which  was  allowed  to  cool  un- 
disturbed while  the  other  was  rotated  as  just  described.  For  hrevity 
this  method  may  be  referred  to  as  simply  "rotation,"  which  in  eveiy 
case  varied  continuously. 

Experimental  Results. — A  strong  hot  solution  of  ammonia  alum  ga^e 
very  much  coarser  crystals  with  quiescent  solidification  than  with  rotating 
solidification.     Like  results  were  reached  with  commercial  zinc. 

In  order  to  introduce  still  greater  differentation  during  solidifying, 
we  next  tried  a  mixture  of  zinc  with  about  5  per  cent,  of  type  metal, 


HENKT   M.    HOWE   AKD    E.    C.    OROBSBECS  365 

under  the  following  conditions.  The  metal  was  melted  in  a  clay  crucible 
under  charcoal,  was  thoroughly  stirred,  and  was  then  poured  half  into 
a  Btationary  iron  mold  and  half  into  a  like  mold  standing  on  the  polishing 
disk,  and  rotating  reversingly  during  pouring  and  for  a  long  time  after 
the  upper  crust  bad  solidified.    The  conditions  were  as  follows: 

MiN.  Sic. 

Poured  into  stationary  mold  at 0  0 

Poured  into  rotating  mold  at 0  15 

The  upper  surface  of  ingot  in  the  rotating  mold  was 

completely  f roten  over  at 6  55 

The  rotation  was  continued  till 36  35 

The  strong  spiral  markings  on  the  upper  surface  of  the  rotating  ingot 
are  seen  in  Fig.  3.  Note  how  much  more  marked  the  columnar  crystals 
are  in  the  stationary  Fig.  4,  than  in  the  rotated  one,  Fig.  5. 


Fig.  6. — Furbowb  in  walls  of  pipr  in  btationabt  ingot.     X  l.fi. 

In  every  case  in  which  the  rotation  was  continued  for  a  long  time, 
results  like  these  were  reached.  In  one  case  in  which  the  rotation  was 
stopped  soon  after  the  upper  surface  had  frozen  over,  no  very  marked 
difference  between  the  stationary  and  rotated  ingot  appeared.  This, 
we  believe,  was  because  most  of  the  solidification  occurred  after  the 
rotation  ceased. 

Fig.  6  shows  the  marked  furrows  in  the  central  pipe,  to  the  occurrence 
of  which  in  steel  one  of  us  has  already  called  attention.' 

■  H.  SI.  Howe:  Trans.  (1907)  88,  3-108. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferablv  be  presented  in  person  at  the 
Netr  York  meeting,  February,  1919,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  diseuasion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Minins  Engineers,  29  West 
39th  Strssif  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unleas  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1919.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Producotiii  of  Ferromanganese  in  the  Blast  Furnace* 

p.    H.   ROY8T£R,t  WASHINGTON,   D.    C. 
(New  York  Meeting,  February,  1919) 

Introduction 

Something  of  a  mystery  has  attached  itself  to  the  production  of 
ferromanganese  in  the  blast  furnace.  This  alloy  has  been  produced 
on  the  Continent  almost  continuously  since  1876  and  in  very  considerable 
tonnages,  but  little  definite  information  concerning  the  practice  is  to  be 
found  in  technical  literature,  and  almost  nothing  in  the  way  of  a  theory 
of  the  manganese  furnace.  In  this  country  prior  to  1904,  but 
one  company  had  attempted  its  production  in  a  serious  way,  and  none 
of  the  operating  data  or  other  information  from  this  company  has  been, 
or  is,  available  to  the  public. 

In  the  last  5  years,  as  a  result  of  the  restriction  of  imports,  a  number 
of  furnaces  have  been  blown  in  on  this  alloy,  with  the  result  that  in  1918 
as  many  as  18  furnaces  were  in  blast.  The  majority  of  the  men  in 
charge  of  these  furnaces  had  had  little  previous  experience  in  such  opera- 
tions. Realizing  the  advantages  both  to  the  country  and  to  the  industry 
from  a  pooling  of  operating  data  and  experiences,  the  Bureau  of  Mines, 
in  the  summer  of  1918,  undertook  the  collection  of  data  from  ferro- 
manganese furnaces.  Although  the  results  of  this  investigation  have 
already  been  reported  to  the  companies  cooperating,  they  may  be  of 
pennanent  metallurgical  interest,  so  this  paper  attempts  to  give,  briefly, 
the  more  important  points  brought  out  in  the  investigations. 

Operating  Data  in  Ferromanganese  Practice 

Operating  data  were  collected  by  the  Bureau  from  11  ferromanganese 
furnaces,  which  will  be  referred  to  throughout  this  paper  as  furnaces 
A,  B,  C,  F,  G,  I,  J,  K,  L,  M,  and  P.  The  dimensions  of  seven  of  the 
furnaces  are  given  in  Table  1.     The  companies  from  whom  this  infor- 

*  Published  by  permisdion  of  the  Director  of  the  U.  S.  Bureau  of  Mines.  Report 
of  research  under  the  joint  auspices  of  the  U.  S.  Bureau  of  Mines  and  the  National 
Research  Ck)uncil. 

t  AsaiBtant  Physicist,  U.  S.  Bureau  of  Mines. 
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mation  was  obtained  and  to  whom  should  go  the  credit  for  whatever 
value  this  information  may  possess,  are  the  Bethlehem  Steel  Co.,  B. 
&  B.  Trading  Co.,  Buffalo  Union  Furnace  Co.,  Donner  Steel  Co!, 
John  B.  Guernsey  &  Co.  Inc.,  E.  E.  Marshall,  Miami  Metals  Co., 
Seaboard  Steel  &  Manganese  Corpn.,  Southeastern  Iron  Corpn.,  and 
the  Wharton  Steel  Co. 

Table  1. — Dimensions  of  Feironianganese  Furnaces  Investigated 


Furnace 


Height,  Stock 

Line  to  Center 

Line  of  Tuyeres, 

Feet 


Boeh  Diameter, 
Feet 


Hearth  Diameter, 
Feet 


A. 
B. 
C. 
F. 
G. 
J. 

K. 


62.1 
65.0 
66.2 
57.8 
63.0 
67.4 
63.0 


13.4 
16.5 
14.8 
15.2 
18.0 
18.3 
18.6 


8.8 
9.5 
9.5 
10.5 
11.5 
13.0 
13.2 


The  essential  operating  data  are  given  in  Table  2,  presented  in  the 
form  of  40  *'runs"  or  experimental  periods,  each  run  being  the  average 
figures  for  10  days  continuous  operation.  It  was  intended,  in  selecting 
the  10-day  periods,  to  cover  as  wide  a  range  of  operating  conditions  as 
possible,  with  due  regard  for  the  steadiness  and  constancy  of  the  operation 
during  the  period.  More  accurate  data  would  have  been  obtained 
from  averages  covering  several  months.  It  must  be  remembered,  how- 
ever, that  averages  taken  over  long  periods  suppress,  most  of  the  varia- 
tions in  practice  from  which  it  was  hoped  to  obtain  information. 

In  addition  to  the  figures  taken  from  the  furnace  records,  samples  of 
downcomer  gas  were  taken  by  the  Bureau  at  five  furnaces,  these  samples 
being  analyzed  for  O2,  CO2,  and  CO.  At  six  furnaces,  supplementary 
temperature  measurements  were  taken  with  Leeds  &  Northrup  pjrrome- 
ters.  These  measurements  were  made  with  the  pyrometer  sighted: 
down  a  tuyere,  with  and  without  a  tuyere  glass  interposed;  on  the  surface 
of  the  slag  at  flush  and  at  cast;  and  on  the  surface  of  the  metal  at  cast. 
When  the  apparent  temperatures  are  corrected,  in  the  case  of  tuyere 
temperatures  for  the  absorption  of  the  glass  screen  when  present,  and 
in  the  case  of  the  slag  and  metal  for  their  respective  emissivities,*  a 
fair  idea  of  the  temperatures  existing  in  the  combustion  zone,  in  the 
slag  bath  and  in  the  metal  bath  of  the  furnace  should  be  given.  Since 
most  of  the  data  in  Table  2  concerns  furnace  operation  carried  out  be- 
fore the  visit  of  the  Bureau's  field  party,  it  is  doubtful  whether  the  gas 


/  The  emissivity  correctioiis  used  are  those  given  by  Burgess. 
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analyses  and  temperature  measurements  taken  by  the  Bureau  are  strictly 
applicable  to  the  average  practice  indicated  in  Table  2,  but  no  better 
figures  being  available,  these  must  serve. 

Average   Practice  for  Ferromanganese   Furnace   and   for  Iron 

Furnace 

Probably  the  most  satisfactory  method  of  discussing  the  ferromanga- 
nese furnace  will  be  by  comparing  its  figures  to  those  of  the  iron  furnace. 
A  number  of  excellent  descriptions  of  iron-furnace  operation  have  been 
published,  but  it  is  doubtful  whether  a  closer  approximation  has  been 
made  of  the  general  practice  obtaining  in  the  larger  modern  iron  furnaces 
than  the  following  average  figures  collected  by  the  Bureau  from  nine  of 
the  largest  plants  in  the  country.  No  measurements  of  slag,  metal,  or 
combustion-zone  temperatures  on  these  furnaces  were  taken.  The 
average  of  the  measurements  by  Linville,*  Johnson,'  and  Feild*  and 
unpublished  measurements  made  by  the  Bureau  at  some  eight  iron  fur- 
naces are  taken  as  the  nearest  approach  to  an  estimation  of  these  tempera- 
tures. A  comparison  of  the  more  important  figures  for  the  two  practices 
is  given  in  Table  3.  The  important  differences  noticeable  in  this  com- 
parison are  that  the  ferromanganese  furnace  received  about  three  times  as 
much  coke  and  over  twice  as  much  stone  as  the  iron  furnace,  lost  over 
five  times  as  much  carbon  by  CO2  absorption,  operated  with  a  hotter  top 
and  a  colder  combustion  zone,  produced  colder  metal  and  slag,  and 
produced  gas  with  a  CO/CO2  ratio  two  and  a  half  times  as  great.  The 
points  of  similarity  are  that^  the  blast  temperatures  were  roughly  the 
same,  and  the  slag  compositions  were  essentially  the  same  if  the  dilution 
of  the  ferromanganese  slag  with  MnO  is  ignored. 

These  points  of  difference  and  of  similarity  are  due  to  the  operation 
of  the  furnace.  In  addition,  there  are  differences  due  to  the  nature  of 
the  materials  used  and  of  the  metals  to  be  produced.  All  of  the  iron 
charged  which  is  not  blown  from  the  top  of  the  furnace  as  dust — amount- 
ing apparently  to  9.6  per  cent.^ — is  recovered  in  the  metal.  Of  the  man- 
ganese charged  in  the  ferromanganese  furnace,  however,  only  72  per  cent, 
finds  its  way  into  the  metal;  about  15  per  cent,  of  it  being  carried  away 
unreduced  in  the  slag  and  13  per  cent,  being  carried  out  at  the  top  oi  the 
furnace  with  the  gas,  a  loss  that  will  be  called,  for  convenience,  the  stack 
loss. 


*  C.  P.  Linville:  Combustion  Temperature  of  Carbon.     Trans.  (1910)  41,  268. 

*  J.  E.  Johnson :  Principles,  Operation  and  Products  of  the  Blast  Furnace. 

*  A.  L.  Feild:  The  Viscosity  of  Blast-furnace  Slag.     Tram.  (1916)  66,  633. 

*  In  addition  to  the  Fe  in  the  ore  given  in  Table  3,  the  iron  furnace  received  an 
average  of  176  lb.  (79.8  kg.)  of  millnscale  and  63  lb.  (28.5  kg.)  of  scrap  per  ton  of  pig. 
The  iron  in  the  slag  is  negligible;  5  lb.  (2.3  kg.). 
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Control  of  Furnace  Losses 

There  are  no  silicon  specifications  to  be  met  in  the  making  of  ferro- 
manganese;  the  sulfur  from  the  coke  is  taken  care  of  as  MnS  in  the  slag, 
and,  due  to  the  large  amount  of  coke  in  the  charge,  the  stock  is  "loose,'' 
descending  easily  in  the  furnace  without  hanging  or  slipping.  The 
operating  difficulties,  >therefore,  resolve  themselves  practically  into  the 
problem  of  keeping  down  the  slag  and  stack  losses.  According  to  gener- 
ally accepted  ideas,  the  slag  loss  is  reduced  by  operating  with  a  highly 
basic  slag,  with  a  hot  blast,  and  with  plenty  of  coke.     The  results  of  the 

Table  3. — Comparison  of  Operating  Data  for  the  Ferromanganese  Furnace 

and  for  the  Iron  Furnace 


1  Ore  per  ton  metftl.  lb. . 

2  Coke  per  ton  metftl,  lb . 

3  Coal  per  ton  metal,  lb . 

4  Stone  per  ton  metal,  lb 

5  KOs  in  ore,  per  cent. . . 

6  AltOi  in  ore,  per  cent . 

7  Fe  in  ore,  per  cent 

8  Mn  in  ore,  per  cent . . . 

9  SiOs  in  coke,  per  cent. 
10  AliOa  in  coke,  per  cent 
U  F.  C.  in  coke,  per  cent . 
13  SiOs  in  stone,  per  cent. 

13  AltOa  in  stone,  per  cent 

14  CaO  in  stone,  per  cent . 

15  MgO  in  stone,  per  cent 
Ifi  C  in  metal,  per  cent . . . 

17  Si  in  metal,  per  ^nt . . 

18  Fe  in  metal,  per  cent. . 

19  Mn  in  metal,  per  cent . 

20  S  in  metal,  per  cent. . . 

21  COt  in  gas  (by  weight) 

per  cent 


Ferro- 
manganese 


5,992 

6,320 

200 

2,349 

8.6 

3.0* 

5.9 

40 

6 

3 

85 


Pig 

Iron 


Ferro- 
manganese 


Pi« 
Iron 


3 

6* 
0* 
5 


-62.0 
-52.0 
6.5* 
1.15 
17. 0* 
74.9 
O.Ol* 


3,937 

1,969 

0 

984 

7.65 

1.96 

52.41 
0.61 
4.98 
3.25 

87.64 
3.33 
1.28 

48.20 
3.64 
3.80 
1.33 

93.85 
0.87 
0.036 


10.44     I    19.86 


22  CO  in  gas,  per  cent . . . 

23  Hs  in  gas,  per  cent. . . . 

24  CH4  in  «as,  per  cent. . 

25  N«  in  gas,  per  cent  . . . 

26  SiOt  in  slag,  per  cent . . 

27  AltOa  in  slag,  per  cent. 

28  CaO  in  slag,  per  cent. . 

29  MgO  in  slag,  per  cent. 

30  Mn  in  slag,  per  cent . . 

31  S  in  slag,  per  cent 

32  Slag  volume,  lb 

33  Bla^  temperature .... 

34  Top  temperature 

35  Temperature    combus- 

tion sone 

36  Temperature  of  slag . . 

37  Temperature  of  metal. 

38  Wind  per  ton  metal,  lb 

39  Gas  per  ton  metal,  lb . . 

40  Metal  per  day.  tons . . . 

41  C  burned  at  tuyeres. . 

42  C  absorbed  by  COt.  . . 


31.00 
0.17* 
0.21* 
58.36* 
28.1 
14.0 
-41.7 
-41.7 
10.6 

■    t   >   •   > 

3196 
1135"  P. 
690"  F. 

2740*  F. 

2516"  F. 

2435*  F. 
24,000 
31.610 

61.7 

4,165 
946 


23.57 

0.17 

0.21 
56.16 
36.14 
13.33 
43.59 

4.50 

0.53 

1.49 

1,150 

1031*  F. 
400*  F. 

2812"  F. 
2740*  F. 
2740*  F.* 
8.012 
10,634 

499 
1386 

169 


Estimated. 


present  investigation  substantiate  these  ideas  in  a  general  way  but  carry 
them  forwards  from  the  realm  of  qualitative  ideas  and  place  them  on 
the  basis  of  a  quantitative  relationship.  The  question  of  stack  loss  has 
proved  more  difficult.  According  to  these  generally  accepted  idea?,  the 
stack  loss  is  supposed  to  increase  in  a  vindictive  sort  of  way  whenever 
the  slag  loss  is  reduced.  In  particular,  it  is  supposed  to  increase  with  the 
hearth  temperature,  with  the  basicity  of  the  slag,  and  with  the  tempera- 
ture of  the  top  gas.  The  evidence  offered  by  this  investigation  fails  to 
support  any  of  these  theories;  fails,  in  fact,  to  show  any  marked  rela- 
tionship between  the  stack  loss  and  any  other  probably  related  quantity. 
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The  problems  connected  with  the  determination  and  the  control  of  these 
two  losses  will  be  discussed  in  the  two  following  sections. 

Slag  Loss 

The  most  self-evident  statement  to  be  made  concerning  slag  loss,  but 
the  one  that  actually  is  seldom  stated  and  often  is  forgotten,  is  that  the 
pounds  of  manganese  carried  away  by  the  slag  equals  the  product  of  the 
slag  volume  and  the  percentage  of  manganese  in  the  slag.  The  percent- 
age of  manganese  in  the  slag  is  a  physical  quantity.  Although  perhaps 
it  is  not  actually  something  green  that  can  be  seen,  it  is  at  least  a  quantity 
that  the  chemist  reports  every  day.  The  product  of  this  quantity  multi- 
plied by  the  slag  volume  (a  figure  the  furnace  operator  works  out  proba- 
bly once  a  year)  is  rather  abstract  and  does  not  appear  on  the  furnace 
records.  In  consequence,  a  low  percentage  of  manganese  in  the  slag  has 
grown  to  be  something  of  a  commonly  accept^  criterion  of  good  prac- 
tice. Where  the  manganese  content  of  the  slag  is  reduced  as  a  result  of 
high  blast  temperature  or  by  slow  driving,  it  is  a  satisfactory  guide.  But 
if  it  is  reduced  by  the  addition  of  coke,  especially  a  high-ash  coke,  the 
increase  in  slag  volume  may  outweigh  the  advantage  of  a  reduction  in 
the  manganese  percentage  of  the  slag  with  the  result  that  the  actual 
weight  of  manganese  in  the  slag  is  greater. 

Therefore,  the  first  step  in  the  problem  of  reducing  the  slag  loss  is 
to  find  a  means  of  determining  in  advance  the  percentage  of  manganese  in 
the  slag,  whatever  value  it  may  have,  rather  than  to  find  by  what  means 
it  may  be  made  a  minimum.  The  following  attempt  has  been  made  to 
find  a  quantitative  expression  for  this  quantity: 

Let    M  =  percentage  of  manganese  in  slag; 

B  =  ratio  of  (CaO  +  MgO)/Si02  in  slag; 

R  =  pounds  of  gross  slag  made  per  minute  per  square  foot 

hearth  area;' 
T  =  blast  temperature,  in  degrees  F. ; 
V  =  slag  volume,  in  pounds  per  ton  of  metal; 
K  =  pounds  of  carbon  in  fuel  per  ton  of  metal. 

The  results  of  the  40  runs  were  plotted,  first  with  pounds  of  carbon 
charged  as  ordinates  and  blast  temperatures  as  abscissas,  and  second, 
with  pounds  of  carbon  charged  as  ordinates  and  slag  volumes  as  abscissas. 
Through  the  points  the  two  best  straight  lines  were  drawn,  and  from  the 

*  Gross  slag  means  the  total  weight  of  slag-forming  materials,  manganese  being  a 
slag-forming  material.  The  evidence  at  hand  points  strongly  to  the  conclusion  tiiat 
the  MnO  is  reduced  in  the  hearth.  Therefore  the  pounds  of  this  gross  slag — a  basic 
manganese  aluminosilicate — ^formed  per  minute  per  square  foot  of  hearth  area  is  the 
best  measure  of  the  speed  of  operation.  This  rate  of  slag  formation  is  given  through- 
out in  the  unit  of  pounds  per  minute  per  square  foot  of  hearth  area.* 
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slopes  of  these  lines  the  variation  in  carbon  fuel  with  blast  temperature 
and  with  slag  volume  was  determined.     It  was  found  that: 

dK 


dV 
and  that 

dK 


T  =  const. 


dT    7  =  const.  "       ^-^^ 

thence,  integrating  these  two  formulas  and  determining  the  constant  of 
int^ation 

Ka  =  4170  +  0.88  V  -  1.33  T  (1) 

That  is,  if  for  every  degree  increase  in  blast  temperature  the  carbon  is 
reduced  1.33  lb.  (0.6  kg.)  and  for  every  pound  increase  in  slag  volume  the 
carbon  is  increased  0.88  lb.  (0.4  kg.),  the  hearth  temperature  conditions 
will  remain  constant.^  It  does  not  mean  that  t^e  operator  must  increase 
the  carbon  charged  0.88  lb.  for  every  pound  increase  in  slag  volume. 
Smce  usually  the  man  burdening  the  furnace  does  not  know  what  the 
slag  volume  is  and  does  not  admit  that  the  figure  0.88  is  correct,  such  a 
contention  would  be  absurd.  Ka  in  formula  1  is  merely  the  carbon  re- 
quired with  a  given  blast  temperature  and  a  given  slag  to  maintain  the 
average  temperature  conditions  in  the  hearth.  If  he  wishes,  the  operator 
can  reduce  the  carbon  charged  until  the  hearth  almost  freezes  or  he  can 
charge  so  much  carbon  that  he  bankrupts  the  owners,  and  the  furnace  will 
tftill  make  ferromanganese,  even  if  it  does  not  make  money. 

The  value  of  Ka  was  worked  out  by  means  of  formula  1  for  each  of  the 
runs  in  Table  2,  and  the  expression  K^Ka  determined.  This  expres- 
sion gives  the  excess  or  deficiency  of  the  actual  carbon  charged  above  or 
below  that  required  for  average  hearth  temperature  conditions,  and  will 
be  called  the  "excess  carbon."  In  the  absence  of  pyrometer  readings, 
it  is  the  best  guide  to  the  temperature  of  the  hearth.  To  show  the  rela- 
tion existing  between  the  percentage  of  manganese  in  the  slag,  the  hearth 
temperature,  the  speed  of  operation,  and  the  basicity  of  the  slag,  a  simi- 
lar procedure  was  adopted. 

The  figures  in  Table  2  were  arranged,-  first,  in  order  of  decreasing 
"excess  carbon"  (X— Xa);  second,  in  order  of  decreasing  "speed  of  slag 
formation, "  and  third,  in  order  of  decreasing  slag  basicity  (CaO  +  MgO 
/SiOi).     Each  of  these  series  was  broken  into  four  groups  and  the  vari- 

'  It  must  not  be  thought  that  Ka  and  K  are  two  different  variables,  they  are  but 
two  values  of  the  same  variable.  Ka  is  not  an  operating  quantity  of  the  furnace, 
it  18  the  carbon  fuel  that  the  furnace  would  receive  if  it  were  given  the  average 
fuel  relative  to  its  slag  volume  and  blast  temperature.  If  the  actual  fuel  charged 
is  more  than  Ka^  it  will  cause  the  hearth  to  operate  at  a  higher  temperature;  if  it 
is  less  than  X«,  the  hearth  will  be  at  a  lower  temperature  than  the  average.  In 
fact  (K—Ka)  is  an  arbitrary  temperature  scale,  although  it  is  not  possible  to  con- 
nect its  values  with  the  thermometric  scale. 
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ous  figures  averaged  by  groups.  The  results  appear  in  Tables  4^  5,  and  6. 
The  significance  of  the  first  five  columns  is  self-evident.  The  manga- 
nese in  the  slag  is  seen  to  be  a  function  of  three  variables.  In  order  to 
determine  the  effect  of  a  change  in  one  of  these  variables  while  the  other 
two  remain  constant,  it  was  necessary  to  apply  the  method  of  successive 
approximation.     This  somewhat  tedious  method  shows  that: 


(a) 
Q>) 


dM 


diK   -  Ka) 

dM 

dR 
dM 

~dB 


=  0.0011  if  B  and  R  are  constant 

=  1.34    if  B  and  (K—Ka)  are  constant 

=  —9.16  if  /2  and  (K—Ka)  are  constant 


Integrating  the  three  formulas  and  determining  the  constants  of  integra- 
tion, 

M  =  10.6  -  0.0011  {K  -  Ka)  +  IMR  -  9.16  B  (2) 

Combining  formulas  1  and  2,  and  multipl3ring  the  result  by  V, 

Slag  loss  =  Mr  =  15.2  +  1.34  BF  -  0.0011  KV  + 

0.00088  V^  -  0.00133  TV  -9.16  B7     (3) 

The  meaning  of  the  last  column  in  Tables  4,  5,  6  will  now  be  apparent. 
In  Table  4,  the  relation  between  M  and  X  —  iCa  is  to  be  shown,  but  the 
values  of  B  in  the  third  column  and  R  in  the  fourth  column  are  not  con- 
stant.    The  actual  change  is  due  largely  to  the  change  in  K  —  Ka  but 

Table  4. — Variation  of  Per  Cent.  Mn  in  Slag  with  Excess  Carbon 


Group  of 
Runs 

Excess  Carbon, 
Pounds 

+754 
+354 
-  56 
-765 

Ratio  Bases 
SiOs  in  Slag 

Rate  of  Slag 
Formation 

Mn  in  Slag, 

Actual 
Per  Cent. 

Mn  in  Slag. 
Reduced 
Per  Cent. 

1 
2 
3 
4 

1.69 
1.48 
1.45 
1.37 

1.84 
1.92 
2.18 
2.36 

8.2 
11.0 
12.1 
13.3 

10.3 
11.0 
11.4 
11.8 

Table  5. — Variation  of  Per  Cent  Mn  in  Slag  with  Rate  of  Slag 

Formation 


Group  of 
Runs 

Rate  of  Slag 
Formation 

Ratio  Bases 
SiOs  in  Slag 

Excess  Carbon« 
Pounds 

Mn  in  Slag, 

Actual 
Per  Cent. 

Mn  in  Stag, 

Reduced 

Per  Cent- 

5 
6 
7 

8 

2.86 
2.38 
2.15 
1.60 

1.38 
1.70 
1.51 
1.64 

-  60 
-312 

-  62 
+240 

13.0 
12.0 
12.6 
10.3 

13.9 
12.9 
12.5 
12.2 
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Table  6. — Variutian  of  Per  Cent.  Mn  in  Slag  with  Basicity 


Group  of 
Run 


Ratio 


SiOs  in  Bias 


Ezeesfl  Carbon, 
Pounds 


Rate  of  Slag 
Formation 


Mn  in  Slag, 

Actual 
Per  Cent. 


Mn  in  Slag, 

Reduced 

Per  Cent. 


9 

1.77 

+411 

1.79 

7.4 

8.2 

10 

1.55 

4-187 

2.06 

9.2 

9.9 

11 

1.36 

-  10 

2.32 

11.8 

11.5 

12 

1.19 

- 

-110 

• 

2.42 

14.2 

13.6 

1 

to  some  extent  to  changes  in  B  and  R.  The  value  of  M  for  each  group 
of  runs  is  therefore  reduced  according  to  the  relation  (b)  for  changes  in 
R  and  according  to  (c)  for  changes  in  B.     The  values  of  M  given  in  the 
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Figs.  1,  2,  3. 


sixth  column  show  the  relation  between  M  and  {K  —  Ka)  alone,  R  and 
B  being  constant.  The  numbers  in  the  first  column  of  Table  4  are  used 
as  abscissas  in  Fig.  1,  and  the  reduced  values  of  M  in  the  sixth  column 
are  used  as  ordinates.  The  results  from  Tables  5  and  6  are  reduced  in 
the  same  manner  and  plotted  in  Figs.  2  and  3. 
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The  method  for  determining  the  formula  for  slag  loss  (formula  3) 
is  admittedly  rather  involved,  but  this  is  due  rather  to  the  complexity  of 
the  relations  involved  than  to  the  method  of  attacking  the  problem. 
The  experimental  errors  throughout  are  very  great;  it  is  hoped,  however, 
that  by  basing  the  formula  on  the  average  of  a  number  of  runs  from  a 
number  of  different  furnaces,  the  effect  of  the  errors  is  minimized.  The 
correctness  of  the  formula  must  be  judged  by  the  points  plotted  in  Rgs. 
1,  2,  and  3.  The  relation  between  M  and  the  four  independent  variables 
Kj  By  R,  and  T  is  assumed  to  be  linear,  and  it  is  seen  that  in  each  of  the 
figures  a  straight  line  can  be  drawn  which  will  pass  within  0  5  per  cent. 
of  the  actual  value  of  3f .  The  uncertainty  in  the  value  of  the  various 
quantities  involved  makes  this  much  within  the  known  experimental 
error. 

Stack  Loss 

The  40  runs  of  Table  2  were  divided  into  two  groups  according  to  the 
values  of  the  stack  loss  for  each  run  and  the  averages  of  these  two  groups 
are  given  in  Table  7.  Although  the  difference  between  the  stack  losses 
for  the  two  groups  of  runs  involves  14  per  cent,  of  the  total  mangan^e 
charged,  there  is  no  noticeable  relationship  between  it  and  the  other 

Table  7. — Averages  of  Two  Groups  Formed  from  Runs  of  Table  2 


Opera- 
tion 
with 
High 
Stack 
Loas 

Opera- 
tion 
with 
Low 
Stack 

LO08 

Opera- 
tion 
with 
High 
Stack 
Low 

Oper»- 
tton 
with 
Low 

Staek 
LoM 

Stack  loss,  per  cent 

Top  temperature,  degrees 
F 

20.0 

924 
11.3 

6.5 

930 
10.9 

Silicon  in  metal,  per  cent. 
Rat'o  of  bases  to  silica. . 
Excess  carbon 

1.19 

1.54 
-f83 
2.24 

1.11 
1.52 

-20 

Mn  in  slag,  per  cent 

Rate  of  slag  formation. . . 

2.09 

figures  given  in  the  table.  With  high  stack  loss,  the  top  temperature  is 
6®  F.  less,  the  Mn  in  the  slag  is  but  0.4  per  cent,  greater,  the  Si  in  the  metal 
0.09  per  cent,  greater,  and  the  basicity  ratio  0.02  per  cent,  greater.  Hence 
none  of  these  quantities  apparently  can  be  responsible  for  the  great 
difference  in  stack  loss.  A  difference  in  the  right  direction  appears  in 
the  case  of  excess  carbon;  the  high-stackxloss  operation  carries  relatively 
103  lb.  (46.7  kg.)  more  carbon  and  since  the  leverage  carbon  charged  is 
over  5000  lb.  (2268  kg.)  this  103  lb.  is  about  2  per  cent,  of  the  total.  In 
the  first  place,  since  coke  is  charged  by  volume  and  not  by  weight,  the 
least  imaginable  error  in  evaluating  its  weight  will  be  more  than  2  per 
cent.;  further,  if  this  difference  in  fuel  is  to  account  for  the  difference  in 
stack  loss,  it  must  be  concluded  that  700  lb.  (317.5  kg.)  of  excess  carbon 
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would  cause  the  stack  loss  to  be  100  per  cent  The  two  values  for  the 
rate  of  slag  formation  are  so  nearly  identical  that  this  quantity  can  scarcely 
be  a  factor  in  the  problem. 

It  should  be  remembered  that  the  stack  loss  is  the  result  of  a  computa- 
tion involving  four  weights  and  ten  chemical  analyses,  and  further,  that 
the  nature  of  the  computation  is  such  that  any  errors  in  the  determination 
of  these  14  quantities  accumulate.  It  is  clearly  demonstrated,  it  would 
seem,  that  more  accurate  data  are  needed  on  this  point.  In  the  absence 
of  better  information,  it  must  be  taken  as  a  working  hypothesis  that  the 
stack  loss  is  not  increased  by  a  hot  top,  a  basic  slag,  fast  driving,  or  a 
high  coke  consumption..  It  is  possible,  of  course,  that  the  cause  of  stack 
loss  has  been  overlooked  entirely  in  this  discussion,  or  that  by  some  co- 
incidence the  errors  have  so  arranged  themselves  as  to  mask  the  true 
result. 

BtJRDENING   THE   FURNACE 

If  this  conclusion  concerning  the  stack  loss  is  accepted,  formula  3 
will  be  sufficient  for  determining  in  advance  from  the  charge  sheet  the 
results  to  be  expected  from  the  furnace.  Casual  examination  of  Figs. 
1,  2,  and  3  will  make  it  apparent  that  the  reduction  of  the  per  cent.  Mn 
in  the  slag  by  using  excess  carbon,  or  even  by  using  the  average  carbon 
will  hardly  pay  for  itself.  It  would  seem  that  in  general  the  coke  used 
has  been  more  than  was  profitable.  Also,  the  rate  of  driving  has  been 
too  low,  at  least  from  the  standpoint  of  furnace  profits.  The  most 
effective  method  of  reducing  the  slag  loss  is  by  carrying  a  highly  basic 
dag.  In  nearly  every  case  a  ratio  of  bases  to  silica  in  the  slag  as  high  as 
2.0  is  practicable.  This  is  0.52  higher  than  the  average  basicity,  1.48 
actually  obtaining  in  the  40  runs.  Formula  2  shows  that  an  increase  of 
0.52  basicity  will  lower  the  percentage  of  Mn  in  the  slag  4.77  per  cent.; 
the  addition  of  stone  necessary  to  attain  this  basicity  will  increase  the 
slag  volume  from  3196  to  3656.  The  manganese  carried  away  in  the 
average  practice  recorded  is  10.6  X  3196,  or  338  lb.  (153  kg.).  With  a 
basicity  of  2.0,  the  manganese  in  the  slag  would  be  5.83  X  3656,  or  213 
lb.  (96.6  kg.).  The  saving  due  to  the  change  is  125  lb.  (56.6  kg.)  per  ton 
of  alloy,  or  about  5.26  per  cent,  of  the  manganese  used.  When  the  alu- 
mina content  of  the  ore  is  high,  it  is  possible  to  operate  with  a  slag  having 
a  basicity  of  2.5  or  greater;  in  this  case  it  is  possible  to  bring  the  per  cent. 
Mn  in  the  slag  down  to  1.5  or  2.0  per  cent. 

The  saving  possible  by  changes  of  practice,  while  appreciable,  are 
very  much  less  than  that  resulting  from  the  proper  choice  of  materials. 
It  can  be  shown,  in  fact,  that  by  the  use  of  low-silica  coke  and  stone,  the 
profits  of  the  furnaces  could  have  been  doubled,  and  this  with  a  saving 
of  9  per  cent,  of  the  ore  and  38  per  cent,  of  the  coke  used,  and  with  a  50 
per  cent,  increase  in  fiu*nace  capacity.     It  has  been  suggested  that  great 
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advantages  are  to  be  derived  from  a  high  blast  temperature.  The 
average  blast  temperature  in  Table  2  is  1136**  F.  (613**  C).  It  might 
be  feasible  to  bring  this  average  temperature  up  to  1700°  F.  (927'*  C). 
According  to  formula  1,  this  would  lower  Ka  750  lb.  (340  kg.)  of  carbon, 
or  13.5  per  cent.  The  average  run,  however,  could  stand  a  deficiency  of 
750  lb.  of  carbon  with  an  increase  of  only  0.83  per  cent,  in  the  manganese 
content  of  the  slag,  or  a  loss  of  about  1.1  per  cent,  of  the  manganese  in 
the  ore  charged.  This  saving  would  undoubtedly  be  out  of  proporUon 
to  the  trouble  and  expense  needed  to  increase  the  blast  temperature  to 
1700^  F. 

Accuracy  of  Result 

As  to  the  question  of  how  much  confidence  should  be  placed  in  the 
results  of  this  investigation,  it  must  be  remembered  that  the  operating 
data  recorded  here  are  in  general  less  reliable  than  would  be  expected 
by  one  acquainted  only  with  iron-furnace  practice.  There  are  two 
reasons  for  this:  (1)  Manganese  ores  are  extremely  variable  in  character 
and  in  chemical  composition.  The  difficulty  of  assigning  a  strictly 
representative  analysis  to  the  manganese-ore  mixture  charged  on  a  given 
day  is  very  great.  Accurately  to  keep  track  of  this  one  item  would 
entail  an  amount  of  labor  and  expense  that  no  furnace  would  be  justified 
in  incurring  until  it  had  been  demonstrated  that  the  resultant  information 
would  pay  for  itself.  (2)  Most  of  the  manganese-furnace  operations 
included  in  this  investigation  were  undertaken  and  carried  out  at  a  time 
when  it  was  impracticable  to  maintain  the  clerical  force,  and  the  chemical 
laboratory  required  to  keep  perfectly  satisfactory  furnace  records. 
It  was  a  time,  too,  when  the  coke  delivered  at  the  furnace  was  becoming 
increasingly  variable  in  composition. 

Where  relationships  have  been  worked  out,  however,  based  on  the 
average  figures  from  a  number  of  different  furnaces,  there  is  a  tendency 
for  any  errors  present  to  neutralize  each  other.  It  is  reasonable  to 
suppose,  therefore,  that  the  results  given  above  are  in  general  correct. 
That  the  results,  if  true,  would  be  worth  over  $20,000,000  annually 
to  the  manganese-furnace  industry  means  only  that  such  an  investiga- 
tion was  needed;  the  fact  that  they  may  be  untrue  means  only  that  a 
more  complete  investigation  is  needed.  The  writer's  purpose  in  working 
out  these  relationships  was,  in  fact,  largely  to  show  the  nature,  extent, 
and  value,  of  the  results  that  can  be  obtained  from  an  investigation  of 
this  kind. 
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Introduction 

The  steel  industry  of  the  United  States  has  depended  in  the  past 
almost  wholly  upon  imports  for  its  supplies  of  manganese.  Many  of 
the  important  domestic  sources  yield  ores  leaner  in  their  natural  condi- 
tion than  the  foreign  ores  the  steel  industry  has  been  accustomed  to  use. 
To  make  them  available,  therefore,  either  the  ores  must  be  concentrated 
or  the  practice  of  the  steel  industry  modified. 

Roughly  25,000  T.  annually  of  high-grade  manganese  ores  are  used 
for  dry  batteries,  for  chemical  purposes,  and  in  other  ways;  while  approxi- 
mately 750,000  T.  are  required  for  making  steel. 

By  present  practice,  every  ton  of  steel  takes  an  average  of  about  14 
lb.  (1.8  kg.)  of  metallic  manganese.  This  is  generally  added  to  the  steel 
in  the  form  of  an  alloy,  the  standard  alloys  being  the  80-per  cent,  ferro- 
manganese  and  the  20-per  cent,  spiegeleisen.  During  the  year  1917 
286,000  T.  of  ferromanganese  and  193,291  T.  of  spiegeleisen  were  made 
in  this  country,  the  former  largely  from  imported  ores;  and  45,381  T. 
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of  ferromanganese  was  imported.  The  metallic  manganese  represented 
by  these  alloys  was  304,000  T.,  the  product  of  roughly  800,000  T.  of 
high-grade  ore  and  345,000  T.  of  low-grade  ore. 

Manganese  Deposits  in  the  United  States 

Before  the  war  manganese  ore  was  mined  in  relatively  small  quantities 
in  the  Appalachian  region,  including  Virginia,  Tennessee  and  Georgia, 
and  in  Arkansas,  but  owing  to  the  increase  in  prices  during  the  past  three 
years  manganese  mining  has  been  undertaken  also  in  Montana,  Cali- 
fornia, Arizona,  New  Mexico,  Nevada,  Utah,  and  Minnesota. 

From  data  now  available  it  appears  that  in  this  country  deposits  of 
high-grade  manganese  ores  are  usually  small,  while  materials  lower  in 
manganese  and  higher  in  iron  occur  in  appreciable  quantities.  Our 
total  quantity  of  manganese-bearing  material  is  relatively  large,  but  on 
account  of  the  difficulty  of  mining  small  deposits  and  the  apparent 
undesirability  of  the  low-manganese  material  in  the  steel  industry  many 
difficulties  present  themselves. 

Manganese-bearing  materials  of  the  United  States  may  be  roughly 
classified  as  follows: 

1.  Manganese  ore  proper. 

2.  Manganiferous  iron  ore. 

3.  Miscellaneous  material. 

(a)  Manganiferous  silver  and  lead  ore. 

(b)  Zinc  residuum  from  manganiferous  zinc  ore. 

Manganese  ore  as  now  defined  by  the  trade  is  material  containing 
over  35  per  cent,  manganese  and  suitable  for  the  manufactiu'e  of  70 
per  cent,  ferromanganese.  Manganiferous  iron  ore  contains  less  man- 
ganese and  more  iron.  Usually  iron  predominates  but  there  is  no  hard 
and  fast  line  of  demarcation  between  manganese  ore  and  manganiferous 
iron  ore.  Manganese  and  iron  are  usually  closely  associated  in  nature, 
and  all  gradations  from  very  low  manganese  ores  with  high  iron,  to  high 
manganese  ores  with  low  iron,  may  be  met  in  various  deposits  or  in  the 
same  deposit. 

Manganiferous  silver  ore  is  similar  to  manganiferous  iron  ore,  there 
being  sufficient  silver  to  make  it  valuable  for  that  metal.  It  may  be 
used  for  the  production  of  manganese  alloys  and  commercial  considera- 
tions alone  control  the  balance  between  the  manganese  or  the  silver  value. 

Zinc  residuum  is  a  byproduct  from  the  smelting  of  certain  zinc  ores  of 
Franklin  Furnace,  N.  J.,  which  contain  considerable  manganese.  After 
the  zinc  is  removed  the  remaining  product,  called  residuum,  is  of  nearly 
the  same  composition  as  natural  manganiferous  iron  ore,  and  for  a  num- 
ber of  years  has  been  used  for  making  spiegeleisen. 
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Metallurgical  Requirements  of  the  Steel  Industry 

Manganese  is  principally  used  in  the  steel  industry  in  the  form  of 
manganese  aUoys.  A  less  important  use  is  for  increasing  the  manganese 
content  of  certain  pig  irons  to  give  them  particular  qualities,  as  for 
foundry  purposes,  or  to  assist  in  metallurgical  operations  of  certain 
steel-making  processes,  as  in  the  basic  open-hearth  process.  The  alloys 
of  manganese  generally  used  in  this  country  are  ferromanganese,  form- 
erly containing  80  per  cent.,  but  now  70  per  cent,  metallic  manganese, 
and  spiegeleisen,  containing  from  15  to  20  per  cent,  metallic  manganese. 
The  remaining  content  of  these  alloys  is  principally  iron  with  small 
quantities  of  carbon,  silicon  and  phosphorus. 

For  the  past  few  years  ferromanganese  has  been  gaining  in  popularity 
with  steel  manufacturers,  spiegeleisen  declining  proportionately.  Until 
recently  approximately  nine-tenths  of  the  metallic  manganese  used  in 
the  steel  industry  was  in  the  form  of  the  standard  80-per  cent,  alloy. 
^Terro,"  as  it  is  usually  called,  is  easier  to  use  than  alloys  containing 
smaller  quantities  of  manganese,  as  the  required  quantity  of  that  metal 
is  contained  in  smaller  bulk. 

The  difficulty  of  obtaining  ores  suitable  for  the  production  of  '^ferro" 
during  the  past  few  years  has  led  to  the  consideration  of  using  what 
may  be  called  intermediate  alloys  with  manganese  contents  varying 
between  20  and  80  per  cent.  In  the  electric  furnace  certain  alloys  can  be 
made  with  a  relatively  large  content  of  sihcon  in  addition  to  the  man- 
ganese and  iron.  The  extent  to  which  such  alloys  may  satisfactorily 
be  used  in  steel  manufacture  is  not  alone  a  technical  or  economic  problem, 
but  is  largely  controlled  by  the  prejudice  of  steel  masters  against  deviat- 
ing from  established  practice. 

Phosphorus  is  an  undesirable  element  in  finished  steel.  In  the  manu- 
facture of  manganese  alloys  all  the  phosphorus  contained  in  the  ore 
will  enter  the  alloy  and  will  be  introduced  into  the  steel  when  the  alloy 
is  added.  It  is  permissible,  however,  for  an  alloy  high  in  manganese  to 
contain  more  phosphorus  than  one  low  in  manganese,  for  in  the  former 
case  less  alloy  is  needed  to  introduce  a  given  quantity  of  manganese. 
For  many  years  manganese  alloys  have  been  principally  manufactured 
in  the  blast  furnace,  although  recently  certain  plants  have  produced 
them  in  the  electric  furnace.  The  operation  of  a  blast  furnace  on  man- 
ganese alloys  is  in  general  similar  to  ordinary  pig-iron  practice,  but  there 
are  high  metal  losses,  principally  in  the  slag  and  in  the  stack.  The 
manganese  content  of  the  slag  may  be  partly  controlled  by  furnace 
manipulation,  but  it  is  evident  that  the  total  loss  in  this  manner  is  directly 
proportional  to  the  slag  volume. 

The  results  of  increased  slag  volume  are  cumulative  and  serious. 
The  accompanying  increased  loss  of  manganese  requires  that  more  ore 
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be  used  per  ton  of  alloy  produced.  The  additional  ore  introduces  more 
slag-forming  constituents,  requiring  more  coke  to  melt  it,  which  in  turn 
tends  to  produce  more  slag,  while  increased  slag  volume  cuts  down  tbe 
daily  output  of  alloy.  The  greater  manganese  loss  decreases  the  ratio 
of  manganese  to  iron  in  the  alloy  and  unless  proper  allowance  is  made 
the  alloy  will  be  below  the  standard  grade  and  therefore  subject  to 
penalty  by  the  purchaser.  Not  only  will  the  alloy  sell  for  less,  but  the 
decreased  daily  output  will  lessen  the  total  profits. 

The  alloy  manufacturer  endeavors  to  protect  himself  against  these 
decreased  profits  by  adjusting  schedules  for  ore  purchase.  Although 
the  endeavor  is  made  to  equalize  the  effects  of  poor  ores  in  furnace 
practice,  the  alloy  producer  would  prefer  to  buy  better  ores  and  pay 
correspondingly  more,  whenever  they  are  available. 

Concentration  of  Domestic  Low-grade  Manganese  Ores 

The  comprehensive  term,  concentration,  as  here  used,  is  intended  to 
include  the  improvement  of  low-grade  material  by  any  suitable  means 
preliminary  to  smelting.  The  requirements  of  metallurgical  practice 
control  the  classification  of  manganese  materials  into  low-grade  and  high- 
grade.  In  some  cases,  the  term  low-grade  may  reffer  to  a  low  manganese 
content  with  respect  to  iron  or  to  large  quantities  of  non-metalUc  impuri- 
ties. The  detrimental  effect  on  metallurgical  practice  and  the  resulting 
penalties  are  incentives  for  attempts  to  improve  the  material  or  raise 
the  grade  before  smelting. 

Factors  Controlling  the  Possibilities  of  Concentration 

In  order  to  properly  interpret  the  possibility  of  commercially  con- 
centrating any  type  of  manganese-bearing  material,  it  is  necessary  to 
consider  many  technical  and  economic  factors.  For  a  particular  prop- 
erty, district,  or  class  of  material  it  is  necessary  to  obtain  data  on  the 
following  factors: 

1.  Character  and  size  of  the  deposits. 

2.  Conditions  affecting  mining  and  marketing. 

3.  Character  of  ore  material  as  affecting  the  possible  improvement  of 
grade.  ' 

4.  Metallurgical  value  of  crude  ore  and  possible  concentrate. 

5.  Commercial  considerations. 

Size  and  Character  of  Deposit 

Obviously  a  deposit  containing  a  large  quantity  of  low-grade  ore 
would  warrant  considerable  experimental  work  in  order  to  detennine 
methods  of  treatment.     Conversely,  if  a  particular  type  of  material 
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occurred  in  only  one  deposit  and  contained  but  a  few  thousand  tons,  it 
is  evident  that  the  value  of  the  product  to  the  industry  at  large  would  be 
relatively  small,  even  if  it  were  possible  to  concentrate  it.  Therefore 
proper  perspective  should  be  obtained  in  order  that  no  undue  proportion 
of  time  be  devoted  to  a  concentrating  problem  which  may  be  of  consid- 
erable technical  and  individual  interest  but  which  would  assist  little 
toward  furnishing  any  considerable  portion  of  the  industry's  needs. 

In  other  words,  the  mineralized  mass  must  be  of  such  size  and  charac- 
ter as  to  justify  the  expenditure  of  money  in  its  development  and  bene- 
ficiation  and  return  interest  on  the  investment  proportional  to  the  risk 
taken.  This  factor  is  of  vital  importance  and  it  is  feared  that  under  the 
stimulus  of  production  incident  to  national  needs  during  the  war,  sound 
business  principles  have  at  times  been  overlooked. 

Conditions  Affecting  Mining  and  Marketing 

In  addition  to  the  classification  of  deposits  on  the  basis  of  quantity  , 
and  character,  it  is  necessary  to  determine  the  natural  factors  controlling 
mining  methods,  transportation  facilities  and  marketing. 

The  manganese  deposits  of  the  United  States,  while  widely  scattered 
and  comparatively  small,  may  nevertheless  be  mined  by  relatively  simple 
and  therefore  cheap  methods.  The  mines  are  for  the  most  part  shallow, 
80  that  extensive,  non-rproductive  development  and  elaborate  equipment 
are  not  necessary.  Intricate  problems  of  ventilation  and  drainage  have 
not  to  be  solved,  and  if  all  operations  are  competently  directed,  com- 
mon mine  labor  will  generally  suffice.  Limited  tonnage  means  short 
life,  and  temporary  support  of  excavations  following  more  or  less  crude 
mining  practice  prevails.  The  cost  of  mining,  however,  will  be  more  or 
less  governed  by  the  necessity  of  selective  mining  which  in  turn  is  deter- 
mined by  the  variability  in  character  of  the  ore,  the  feasibility  of  eco- 
nomic concentration,  the  transportation  facilities  and  the  distance  from  a 
consuming  center.  All  these  factors  must  be  properly  coordinated  and 
their  combined  influence  studied  before  intensive  production  from  in- 
dividual properties  is  started.  By  the  elimination  of  waste,  concentra- 
tion may  yield  a  product  desired  by  the  steel  industry,  but  the  cost  may 
be  prohibitive.  The  reduction  of  weight  resulting  from  waste  discard 
may  enable  the  producer  to  offset  excessive  freight  rates,  but  geographic 
isolation  will  invariably  handicap  an  enterprise.  Foreign  ores  will 
always  find  a  market  in  the  United  States  since  the  deposits  from  which 
they  come  are  larger  and  more  uniform  in  character,  while  the  wage  scale 
is  low  and  railroad  transportation  can  never  compete  with  ocean  freight.  • 
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Characteristics  of  Ore  Affecting  Beneficiation 

Character  of  Manganese  Minerals 

There  are  a  great  number  of  minerals  containing  manganese,  but 
relatively  few  that  are  commercially  important.  Usually  it  is  rather 
difficult  to  identify  accurately  the  manganese  minerals  contained  in 
domestic  oxidized  ore.  Several  minerals  may  occur  in  more  or  less  inti- 
mate association^  and  in  some  cases  one  has  been  formed  by  alteration  of 
another.  The  hardness  of  the  individual  minerals  varies  widely.  Pyro- 
lusite  is  soft  and  may  be  readily  pulverized  between  the  fingers.  Diffi- 
culty might  be  expected,  therefore,  in  attempts  to  recover  this  mineral  by 
the  common  processes  of  wet  concentration.  The  other  minerals  are 
harder  but  usually  brittle.  While  the  character  of  the  individual  min- 
erals is  important,  the  association  of  the  several  manganese  minerals 
with  the  gangue  materials  and  the  relation  thereto  often  has  a  more  im- 
portant bearing  upon  the  problem  of  concentration. 

Impurities  Associated  with  Manganese  Minerals 

Manganese  ore  mined  on  a  commercial  scale  always  contains  impuri- 
ties. The  presence  of  some  of  these  will  be  obvious  by  simple  inspection, 
while  others  may  require  chemical  analysis  for  their  determination. 
The  impurities  associated  with  manganese  minerals  may  be  classified  as: 
(1)  Those  derived  from  associated  rocks  or  rocks  partially  replaced  by 
manganese-bearing  solutions,  (2)  those  associated  with  the  manganese 
in  solution  and  deposited  simultaneously,  and  (3)  those  chemically  com- 
bined with  manganese  in  the  mineral.  From  the  metallurgical  view- 
point all  are  impurities  and  must  be  removed  either  before  metallurgical 
treatment  or  by  it. 

For  convenience  the  common  impurities  in  manganese  ores  may  be 
classified  according  to  certain  general  physical  and  chemical  principles 
as  follows: 

1.  Metallic:  Iron,  lead,  zinc,  silver,  and  in  some  Cases,  nickel,  copper 
and  tungsten. 

2.  Gangue:  "Basic"  lime,  magnesia,  baryta;  "acid"  silica  and 
alumina. 

3.  Volatile:  Water  (atmospheric  moisture  and  molecular  water), 
carbon  dioxide,  organic  matter. 

4.  Miscellaneous:  Phosphorus  and  sulfur. 

The  chemical  behavior  of  these  impurities  affects  metallurgical 
operations,  while  the  physical  form  in  which  they  occur  controls  the 
possibility  of  removal  previous  to  smelting,  and  the  choice  of  methods  of 
removal. 
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The  proportion  of  manganese  to  useless  or  harmful  constituents  of 
the  ore  determines  its  value  and  desirability.  The  presence  of  appreci- 
able quantities  of  any  impurity  means  that  more  ore  must  be  mined  and 
smelted  to  produce  a  given  weight  of  alloy.  Some  impurities,  however, 
are  more  detrimental  than  others. 

Metallic  impurities,  of  which  iron  is  the  most  common,  will  usually 
be  reduced  and  retained  by  the  alloy.  The  quantity  present  controls 
the  desirability  of  the  alloy  for  use  in  steel  manufacture.  Metallic 
impurities  other  than  iron  occur  usually  in  such  small  quantities  that 
they  are  not  detrimental  to  the  resulting  alloy.  Zinc  is  an  exception; 
it  is  largely  volatilized  in  the  smelting  and,  if  present  in  appreciable 
quantities,  the  fume  will  condense  as  oxide  in  the  hot-blast  stoves, 
which  may  interfere  with  furnace  operations.  Unless  the  furnace  top 
gases  are  washed  the  stoves  must  frequently  be  cleaned,  with  consequent 
loss  of  time.  When  the  price  of  zinc  is  high,  the  zinc  oxide  recovered 
from  the  stoves  yields  a  substantial  sum.  Silver  is  neither  detrimental 
to  manganese  alloys,  from  the  standpoint  of  steel  manufacture,  nor 
advantageous.  The  silver  content  of  a  manganese  alloy  has  no  value, 
consequently  no  credit  is  allowed  the  miner  for  silver  contained  in  an 
ore  when  it  is  to  be  used  for  manganese-alloy  manufacture.  In  some 
cases  the  quantity  of  silver  in  a  magniferous  ore  is  such  that  it  has 
greater  value  for  the  lead  smelter.    The  manganese  then  acts  as  a  flux. 

The  gangue  impiu-ities,  classed  above  as  basic  and  acid,  may  also 
be  called  slag-forming  impurities.  In  smelting  these  impurities  must  be 
fluxed  to  form  slag.  Slag  is  usually  considered  a  waste  product  of  a 
smelting  operation,  but  it  has  important  metallurgical  functions,  and 
just  sufl&cient  slag  must  be  present  to  perform  those  functions  properly 
and  economically.  An  excess  of  slag  must  be  avoided.  In  manganese- 
aDoy  manufacture  the  slag  contains  more  or  less  manganese  which 
does  not  enter  the  aUoy.  The  quantity  of  manganese  thereby  lost  is 
dependent  upon  the  basicity  of  the  slag,  the  temperature,  and  the  slag 
volume.  The  first  two  factors  control  the  quantity  of  manganese  in  a 
given  weight  of  slag,  whUe  it  is  obvious  that  a  greater  slag  volume  will 
result  in  a  greater  loss  of  manganese. 

Silica  is  usually  the  predominating  slag-forming  constituent  in 
domestic  manganese  ores.  A  certain  quantity  of  silica  is  reduced  to  the 
metallic  state  in  the  smelting  operation  and  is  recovered  in  the  alloy  as 
siUcon,  but  the  larger  part  must  be  fluxed  with  lime,  magnesia  or  other 
bases  to  form  slag.  Manganese-alloy  slags  should  be  basic,  hence  a  larger 
quantity  of  slag  will  be  produced  from  an  ore  with  acid  gangue  than  in 
normal  iron  blast-furnace  practice.  Alumina  is  a  slag-forming  con- 
stituent, and  while  usually  classed  with  silica,  it  acts  somewhat  dif- 
ferently in  blast-furnace  operations.  Brazilian  ores  are  notably  high 
in  alumina  but  most  domestic  ores  contain  relatively  small  quantities. 
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Lime,  magnesia  and  baryta  in  an  ore  are  also  slag-forming  con- 
stituents, but  they  combine  with  the  silica  and  alumina  present  and 
thereby  reduce  the  quantities  of  these  bases  necessary  in  the  form  of 
limestone  or  dolomite  for  the  furnace  charge.  Baryta  is  not  common 
as  a  gangue  mineral.  It  is  not  so  strong  a  base  as  either  lime  or  magnesia. 
While  these  constituents  offset  the  metallurgical  effects  of  silica  or 
alumina,  from  the  standpoint  of  evaluating  an  ore  they  represent  weight; 
and  if  the  ore  must  be  transported  a  considerable  distance  to  be  smelted, 
it  is  doubtful  whether  their  value  as  bases  will  equal  the  additional 
freight  charge.  Limestone  can  generally  be  obtained  at  low  cost  close 
to  the  smelter. 

Volatile  impurities  are  removed  from  the  top  of  a  blast  furnace 
largely  by  the  surplus  heat.  It  is  desirable,  however,  in  order  to  reduce  the 
loss  of  manganese  from  this  cause  to  keep  the  top  of  a  manganese-alloy 
blast  furnace  cool.  Volatile  compounds  are  not  particularly  detri- 
mental to  smelting.  When  carbonate  ores  are  being  treated  the  case 
is  somewhat  different,  some  metallurgists  claiming  that  in  treating 
rhodochrosite  ores  the  ratio  of  carbon  monoxide  to  dioxide  in  the  furnace 
gases  is  disturbed,  which  has  a  detrimental  effect  on  the  reduction  of 
the  oxides  of  manganese  in  the  upper  part  of  the  furnace.  It  has  also 
been  suggested  that  the  carbon  dioxide  driven  off  combines  with  carbon 
of  the  coke,  forming  carbon  monoxide  in  the  upper  part  of  the  furnace, 
and  thus  increases  the  coke  consumption.  Definite  data  are  not  available 
on  these  points. 

From  the  practical  standpoint  all  the  phosphorus  in  the  ore  mixture, 
together  with  that  contained  in  the  coke  and  Umestone,  is  recovered 
in  the  resulting  alloy.  The  permissible  quantity  of  phosphorus  in  an 
alloy,  such  that  it  does  not  produce  detrimental  effects  when  added  to 
steel,  has  not  been  definitely  determined.  The  higher  the  manganese 
content  of  an  alloy,  the  larger  is  the  quantity  of  phosphorus  that  may 
safely  be  contained.  Ordinarily  steel  makers  desire  as  large  a  margin 
of  safety  as  possible  and  therefore  have  specified  that  phosphorus  shall 
not  be  above  a  certain  percentage  in  an  ore. 

Sulfur  usually  exists  in  relatively  small  quantities  in  oxidized  manga- 
nese ores,  but  in  the  case  of  the  primary  rhodochrosite  ores  of  Butte 
and  other  parts  of  the  West  there  may  be  present  considerable  quantities 
of  sulfides  of  iron  and  zinc.  Sulfur  is  not  a  serious  factor,  as  the  condi- 
tions of  blast-furnace  operation,  when  making  manganese  alloys,  are  such 
that  sulfur  combines  with  manganese  or  lime  and  is  readUy  retained 
by  the  slag,  only  traces  entering  the  alloy. 

Knowing  the  effect  of  impurities  in  manganese  ores  on  blast-fiu*nace 
practice,  the  methods  of  eliminating  them  may  be  considered.  Ore- 
dressing  deals  with  the  separation  of  deleterious  or  useless  materials 
from  the  more  valuable  minerals,  thereby  raising  the  grade  and  reducing 
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the  quantity  of  the  concentrated  product.  To  accomplish  this  it  is 
essential  that  the  physical  and  chemical  characteristics  of  the  ore  be  deter- 
mined. These  factors  are  governed  largely  by  the  type  of  deposit  f i*om 
which  the  ore  is  mined.  As  tjrpes  of  ore,  entirely  disregarding  genesis, 
we  recognize: 

1.  Rhodochrosite  and  rhodonite;  carbonate  and  silicate  ores,  de- 
posited in  fissure  veins  or  replacing  original  rocks. 

2.  Nodular  ores:  accretions  of  manganese  oxide  in  soft  plastic  clays. 

3.  Manganese  oxides  deposited  ih  small  fissures  or  fracture  planes, 
as  breccia  fiUings,  or  as  more  or  less  impure  beds. 

4.  Manganese  oxides  occurring  as  infiltrations,  deposited  in  minute 
pore  spaces,  as  particle  replacements,  or  otherwise  intimately  mixed 
with  the  rock  or  gangue. 

In  the  first  class  of  deposits  the  principal  gangue  impurity  is  silica, 
although  sulfides  of  silver,  lead,  zinc  and  iron  are  often  found  in  appre- 
ciable quantities.  The  silica  occurs  both  as  quartz  and  chemically 
combined  in  rhodonite  ores.  In  the  carbonate  ore,  the  carbon  dioxide 
may  be  removed  by  calcination,  thus  effecting  a  concentration,  but 
rhodochrosite  decrepitates  strongly  when  heated  to  a  temperature 
where  the  oxide  is  formed,  tending  to  produce  an  excessive  quantity  of 
fine  material  which  is  xmdesirable  in  practice.  The  breaking  up  of  the 
particles  by  calcination  will  isolate  some  of  the  free  silica,  which  on  ac- 
count of  its  larger  sized  particles  may  be  screened  out.  The  sulfide 
minerals  may  occUr  in  such  quantity  that  it  is  desirable  to  remove  them 
by  gravity  methods  of  separation. 

In  the  second  class  of  deposits  the  nodules  are  of  variable  size  and 
usually  high  in  manganese.  They  do  not  appear  to  be  contaminated 
internally  with  the  inclosing  material.  The  clays  are  soft,  whereas 
the  nodules  are  generally  hard.  This  type  is  common  in  the  Appalachian 
region  of  the  United  States.  The  clay  may  be  separated  from  the 
manganese  nodules  by  means  of  log  washers,  followed,  where  necessary 
and  where  the  size  of  the  deposits  warrants  the  installation,  by  picking- 
belts,  crushers,  screens,  and  jigs. 

With  deposits  of  the  third  class  the  manganese  minerals,  although 
closely  associated  with  the  inclosing  rock,  are  not  generally  contaminated 
by  it  and  may  be  relatively  pure.  The  method  of  treatment  will  vary 
with  the  size  of  the  manganese  particles  and  the  hardness  of  the  rock 
but  will  not  differ  essentially  from  the  treatment  of  the  second  class. 
If  there  is  little  or  no  clay,  the  log  washer  wiU  be  omitted,  while  crushing, 
screening,  jigging,  and  possibly  tabling  will  make  up  the  concentrating 
process. 

It  should  be  noted  that  if  the  mineral  is  largely  pyrolusite,  and 
therefore  friable  and  soft,  crushing  may  produce  an  excessive  quantity 
of  fine  material,  composed  of  manganese  minerals  which  are  difficult 
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to  recover  by  means  of  gravity  or  water  methods  of  separation.  If, 
however,  the  manganese  mineral  is  of  a  hard,  dense,  massive  variety, 
and  the  inclosing  rock  more  friable,  the  problem  is  simpler.  When  the 
specific  gravities  of  the  minerals  and  the  gangue  approximate  each  other 
wet  concentration  is  difficult  unless  there  be  a  marked  difference  in  the 
size  of  particles. 

From  the  standpoint  of  concentration  it  is  obvious  that  the  association 
of  gangue  materials  with  the  desired  mineral  in  ores  of  the  fourth  class 
is  so  intimate  that  the  finest  crushing  imaginable  would  not  permit  of 
separation  by  mechanical  means.  To  this  type  the  siliceous  manganese 
ores  of  the  Western  States  may  be  assigned.  Ore-dressing  experi- 
mentation has  conclusively  shown  that  where  the  silica  is  chemically 
combined  with  the  manganese  or  where  colloidal  silica  envelopes  the 
manganiferous  particles,  wet-process  or  gravity  concentration  will  not 
give  the  desired  results. 

Concentration  of  Manganese  Ores 

It  is  not  within  the  scope  of  this  paper  to  describe  in  any  detail 
actual  ore-dressing  or  concentration  practice.  It  is  axiomatic  that 
small  deposits  or  mines  of  questionable  life  do  not  warrant  elaborate 
plans  or  the  adoption  of  intricate  beneficiation  processes.  A  general 
classification  of  methods  applicable  to  the  manganese  industry  is  given 
below.  These  are  all  preUminary  to  the  greater  and  final  concentration 
of  the  desirable  elements  in  the  blast  furnace  from  which  the  ferro-alloy 
is  produced. 

Simple  Methods  of  Concentration: 
(a)  Selective  mining. 
(6)  Hand  picking. 

(c)  Jigging. 

(d)  Screening. 

(e)  Log  washing. 

(/)  Water  classification. 

(g)  Roughing  table  treatment. 

(h)  Slime  table  or  vanner  treatment. 

(t)  Pneumatic  separation. 

{j)  Combination  of  two  or  more  of  the  above. 

Complex  Methods: 

(a)  Magnetic  separation: 

1.  Without  preliminary  thermal  treatment. 

2.  With  preliminary  thermal  treatment. 
(jb)  Electrostatic  separation. 

(c)  Hydrometallurgical  processes: 

1.  Leaching  with  various  acids,  precipitation  by  chemical  substances. 

2.  Leaching  with  various  acids,  precipitation  by  electrol3rsis. 

3.  Leaching  with  various  acids,  evaporation  of  solution  and  heat  treatJnent 

in  rotary  kiln. 
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(d)  Pk^liminary  thermal  processes: 

1.  Drying,  to  remove  hygroscopic  moisture. 

2.  Calcining,  to  remove  carbon  dioxide  or  combined  water. 

3.  Agglomerating  fine  concentrates  to  make  them  desirable  for  blast-furnace 

use. 

4.  Volatilizing  manganese  at  high  temperatures  in  the  presence  of  certain  con- 

stituents which  form  readily  volatile  compounds. 

5.  Direct  reduction  of  oxides  by  carbon,  under  temperature  control. 

(e)  Miscellaneous  processes: 

1.  Flotation. 

2.  Use  of  heavy  solutions. 

There  are  many  standard  machines  for  the  concentration  of  ores 
based  on  certain  principles  or  combinations  of  principles,  but  it  is  unwise 
and  usually  unsatisfactory  to  begin  with  the  idea  that  a  certain  machine 
will  accomplish  the  necessary  result  on  manganese-bearing  materials. 
As  the  character  of  the  manganese  materials  varies  greatly  in  different 
districts,  it  is  more  logical  to  determine  first  the  detailed  physical  and 
chemical  characteristics  of  the  material.  When  such  preliminary  study 
has  shown  the  nature  of  the  impurity  and  its  relationship  to  the  manga- 
nese mineral,  it  is  easier  to  outline  the  general  methods  of  treatment 
which  might  reasonably  be  expected  to  accomplish  the  desired  result. 
The  flow  sheet,  however,  must  be  determined  by  experimental  work. 

Commercial  Considerations 

If  the  technical  possibilities  of  beneficiating  an  ore  have  been  favorably 
determined,  it  is  then  necessary  to  ascertain  whether  such  an  operation 
could  be  conducted  on  a  commercial  scale  and  a  reasonable  profit  made. 
The  cost  of  the  plant  and  its  installation  must  be  justified  either  by  the 
avaUable  ore,  or  upon  the  length  of  time  during  which  the  profit  could^be 
made.  The  amortization  of  capital  and  interest  on  the  investment  must 
be  included  in  the  estimation  of  cost. 

The  effect  of  concentrating  an  ore  is  not  always  clearly  appreciated. 
Concentration  implies  that  an  improvement  of  metallic  content  is  made 
by  the  intentional  elimination  of  impurities,  but  by  so  doing  there  is 
always  a  loss  of  the  valuable  mineral  itself.  When  the  grade  of  material 
is  increased,  the  weight  is  decreased.  In  other  words,  in  some  cases 
from  2  to  25  T.  of  crude  material  may  be  necessary  to  produce  1  T.  of 
high^rade  concentrate.  The  income  results  from  the  sale  of  the  smaller 
quantity  of  concentrate,  but  chargeable  against  this,  will  be  the  mining 
cost  of  the  several  tons  of  crude  ore  necessary  to  make  that  concentrate, 
the  actual  cost  of  treating  the  ore,  the  freight  to  market,  and  special 
overhead  charges.  Concentration  may  be  necessary,  however,  to  make 
the  material  marketable  at  all. 

A  detailed  study  of  each  project  is  necessary  to  determine  the  cost 
of  mining,  preparation  of  the  ore,  selling  price  of  both  crude  ore  and 
concentrates  on  the  existing  schedules,  and  the  possible  resulting  profit 
or  loss  in  either  case. 
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Effect  of  Cold-working  and  Rest  on  Resistance  of  Steel  to  Fatigue  under 

Reversed  Stress* 

BT    H.    F.   MOORE, t   M.  .M.   E.,   AND   W.   J.    PUTNAM,t  B.   S.,   17RBANA,   ILL. 

(New  York  Meeting,  February,  1919) 

Tffls  paper  gives  a  preliminary  summary  of  results  of  tests  on  the 
resistance  to  fatigue  under  reversed  stresses  of  steel  subjected  to  cold- 
working  and  of  tests  to  determine  the  effect  of  rest  on  the  endurance  of 
steel  under  reversed  stresses.  The  tests  of  cold-worked  steel  were 
undertaken  as  part  of  an  investigation  by  the  National  Research  Council 
Committee  on  Fatigue  Phenomena  of  Metals  and  were  made  by  Mr. 
Moore;  the  tests  to  determine  the  effect  of  rest  are  part  of  an  investiga- 
tion now  being  made  by  Mr.  Putnam.  Both  series  of  tests  were  made 
in  the  Materials  Testing  Laboratory  of  the  University  of  Illinois.  The 
preliminary  results  of  these  tests  are  reported  now  because  it  is  believed 
that  test  data  on  fatigue  strength  should  be  available  at  the  earliest 
possible  moment;  however,  it  should  be  clearly  kept  in  mind  that  this 
paper  gives  preliminary  results  and  is  intended  to  encourage  discussion 
rather  than  to  give  final  conclusions.  Before  giving  the  data  of  the  tests, 
the  writers  will  explain  the  term  "fatigue  strength"  as  used  in  this  paper 
and  will  discuss  briefly  the  method  used  in  interpreting  the  test  data  of 
repeated-stress  tests. 

The  term  fatigue  strength,  as  applied  to  a  material,  may  be  defined 
as  that  maximum  fiber  stress  that  will  cause  fracture  of  the  material 
after  the  repetition  of  any  given  number  of  cycles  of  stress,  each  cycle 
involving  the  variation  of  stress  from  a  minimum  to  the  above  maximum. 
The  fatigue  strength,  then,  varies  with  the  number  of  repetitions  occur- 
ring in  the  lifetime  of  a  structural  or  machine  member  and  with  the  range 
of  stress  for  each  cycle  of  stress.  The  fatigue  strength  will  be  lower  for  a 
member  in  which  the  stress  is  completely  reversed  than  for  one  in  which 
the  stress  varies  from  zero  to  a  maximum. 

In  interpreting  test  data  from  fatigue  tests  under  reversed  stress, 
the  stresses  and  corresponding  numbers  of  repetitions  required  for  failure 
are   plotted  on  logarithmic   cross-section  paper.     In   1910,   Professor 

*  Report  of  research  under  ii^e  auspices  of  the  National  Research  Council. 
t Research  Professor  of  Engineering  Materials,  University  of  Illinois;  Chairman, 
National  Research  Council  Committee  on  Fatigue  Phenomena  of  Metals. 
X  Instructor  in  Theoretical  and  Applied  Mechanics,  University  of  Illinois. 
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Basquin  of  Northwestern  University  pointed  out^  that  over  a  considerable 
range  the  relation  of  fiber  stress  and  number  of  repetitions  required  for 
failure  was  given  by  the  formula 

in  which    S  =  intensity  of  extreme  fiber  stress,  in  pounds  per  square  inch; 

N  =  number    of    repetitions   required    to    produce   failure; 

K  and  q  =  constants,  depending  on  variation  of  stress,  method  of 

loading,  etc. 

This  formula  may  be  written 

log  S  =  logK  —  qlogN 

If  values  of  log  S  and  log  N  are  plotted  on  ordinary  cross-section  pap^ 
or  values  of  S  and  N  are  plotted  on  logarithmic  cross-section  paper  the 
foregoing  formula  is  represented  by  a  straight  line. 

How  far  a  formula  of  this  form  represents  the  behavior  of  materials 
under  repeated  stress  is  an  unsolved  question.  If  such  a  formula  were 
true  for  all  values  of  S  and  N,  the  limit  of  stress  for  an  infinite  number 
of  repetitions  would  be  zero.  Without  taking  time  to  discuss  the  limits 
of  this  formula,  it  may  be  pointed  out  that  by  its  use  a  very  clear  graphic 
comparison  of  the  results  of  two  series  of  tests  on  different  materials  can 
be  made.  The  relative  stress  ordinates  for  any  given  value  of  N  give 
the  fatigue  limits  of  the  materials  for  that  particular  length  of  life;  a 
comparison  of  the  steepness  of  the  lines  representing  the  test  results 
shows  whether  the  two  materials  have  the  sanie  relative  fatigue  strength 
for  different  lengths  of  life. 

Tests  of  Cold-worked  Steel 

It  has  been  known  for  many  years  that  the  elastic  limit,  the  yield 
point,  and,  to  a  lesi^  degree,  the  ultimate  strength  of  steel  may  be  raised 
by  cold-working  if  a  period  of  rest  ensues  after  the  cold-working.  There 
are  very  few  test  data  on  the  fatigue  strength  of  cold-worked  steel  under 
repeated  stress,  and  tests  were  undertaken  to  throw  some  light  on  this 
question  whether  increased  fatigue  strength  accompanied  increased 
dead-load  or  static  strength  due  to  cold-working  of  steel. 

Three  series  of  tests  were  made:  (1)  Tests  on  specimens  of  hot- 
rolled  steel  and  on  corresponding  specimens  from  the  same  piece  after 
being  cold-worked  by  stretching  with  a  fiber  stress  of  57,000  lb.  per  sq. 
in.  (40.05  kg.  per  sq.  mm.)  (corresponding  elongation  about  0.05  in.  per 
in.  of  length).     (2)  Tests  on  specimens  of  cold-rolled  steel  and  on  corre- 

'  O.  H.  Basquin :  Exponential  Law  of  Endurance  Tests.  Proc.  Amer.  Soc.  Tesi. 
Mat.  (1910)  10,  625;  see  also  G.  B.  Upton  and  G.  W.Lewis:  The  Fatigue  Failure  of 
Metals.     Amer.  Machinist  (Oct.  17  and  24,  1912)  37,  633,  678. 


H.   F.   MOORE   AND   W.   J.   PUTNAM 


393 


spending  specimens  from  the  same  rod  annealed  to  remove  the  effects  of 
cold'-rolling.  (3)  Tests  on  annealed  specimens  of  hot-rolled  steel  and  on 
corresponding  specimens  from  the  same  rod  cold-worked  by  transverse 
compression  with  a  fiber  stress  of  60,000  lb.  per  sq.  in.  (42.16  kg.  per  sq. 
mm.)  (corresponding  unit  compression  about  0.034  in.  per  in.  of  thickness). 
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Fig.  1. — Forms  of  test  specimens  used. 

All  steel  tested  had  a  carbon  content  of  about  0.20  per  cent.  In  series 
(1),  some  specimens  were  tested  immediately  after  cold-stretching,  others 
were  tested  after  cold-stretching  and  boiling  in  water  for  15  min.,  and 
still  others  were  tested  after  cold-stretching  and  then  resting  for  60  days. 
In  series  (3),  the  cold-pressed  specimens  were  tested  after  cold-pressing, 
boiling  in  water  for  15  min.,  and  resting  about  2  days. 

Static  tension  tests  were  made  in  a  100;000-lb.  (45,359-kg.)  Riehle 
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testing  machine;  Fig.  1  shows  the  shape  of  the  tension  test  specimen  used. 
In  reporting  results  of  static  tests  the  proportional  limit  and  the  Ameri- 
can Society  for  Testing  Materials,  A.  S.  T.  M.,  elastic  limit  are  reported. 
The  proportional  Umit  was  determined  from  a  stress-strain  diagram, 
and  the  extensometer  used  had  a  gage  length  of  2  in.  (50.8  mm.)  anda 
sensitiveness  of  reading  of  0.00002  in.  (0.0005  mm.).     The  A.  S.  T.M. 


10.000 

§§§§§§§§ 

8  i.  I      8 

Number  of  RevertaU  of  Strett  for  Failure  ** 

(  Upton-  Lawii  Machine  ) 

Fig.  2. — Tests  of  cold-stretched  flat  steel 

elastic  limit,  which  is  determined  by  the  sudden  increase  of  rate  of  stretch 
of  the  specimen  as  shown  by  the  extensometer*  is  believed  to  be  a  good 
criterion  of  the  static  elastic  strength  of  a  metal. 

Fatigue  tests  were  made  in  an  Upton-Lewis  vibratory  testing  machine 
running  at  250  vibrations  per  minute.^  This  machine  gives  complete 
reversals  of  bending  stress  on  a  flat  specimen.  Fig.  1  shows  the  form 
of  fatigue  test  specimen  used. 

Table  1  gives  the  results  of  the  static  tests  and  Table  2  the  results  of 
the  fatigue  tests.  Figs.  2,  3,  and  4  show  graphically  the  results  of  the 
tests.  In  plotting  the  results  of  the  fatigue  tests  logarithmic  coordinates 
were  used.  Nominal  or  computed  stresses  were  laid  off  as  ordinates  and 
numbers  of  repetitions  required  to  produce  failure  were  laid  off  as  ab- 
scissas.    The  points,  plotted  on  logarithmic  paper,  formed  fairly  straight 


J 


*  Standards,  Amer.  Soc.  Test.  Mat.  (1918)  163. 

'  For  a  description  of  the  Upton-Lewis  machine  see  Btdl.  98,  Engineering  Experi- 
ment Station,  University  of  Dlinois. 
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lines  for  each  set  of  fatigue  tests,  and  in  Figs.  2,  3,  and  4  the  inclined 
stxaight  lines  are  the  most  probable  straight  lines  representing  the  plotted 
points  as  determined  by  the  method  of  least  squares.^ 
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Fig.  3. — Tests  op  cold-bolled  flat  steel. 
Table  1. — Average  Results  of  Static  Tension  Tests 


Material 


Treatment 


Steel  from  flat  stripi  hot- 
roUed 

Steel  from  flat  strip,  hot- 
rolled  

Steel  from  flat  strip,  hot- 
rolled •.- 

Steel  from  flat  strip,  hot- 
rolled 

Cold-rolled 

Cold-rolled 

Steel  from  flat  strip,  hot- 
rolled  

Steel  from  flat  strip,  hot- 
rolled  

♦Tuttle: 


Unit  Strees,  Lb.  per  Sq.  In. 


Propor- 
tional 
Limit 


;A.  8.  T.  M. 

Elastic 

Limit 


Ultimate 


None 
ColdH9tretched  and  tested 
at  once 

Cold-stretched,    boiled    15 
min. 

Cold-stretched,   aged   60 
da. 

None 
Annealed 

Annealed 
Cold-pressed,  boiled  15  min. 
aged  2  da. 


40,300 

44,400 

26,800 

55,900 

61,200 

62,100 

57,200 
47,300 
27,100 

72,800 
74,900 
31,200 

30,400 

33,300 

40,500 

48,500 

61,300 

60,300 

68,700 

77,400 
89,900 
60,500 

53,100 

62,700 


"The  Theory  of  Measurements,"  242. 
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Table  2. — Restdts  of  Fatigue  Tests 


Speoimen 
Mark 

Treatment  of  Specimen 

! 

Nominal  Fiber 

Stress, 

Lb.  per  Sq.  In. 

S 

Number  of  Repe- 
titions at  FaOiut 
N 

Specimens  from  hot-rolled  flat  strip 

5     ] 

' 

40,800 

303,600 

11 

70,900 

6,100 

16 

> 

^nnr^                                     ' 

41,900 

288,600 

21 

A.^  \J  llXj                                                                        ^ 

79,400 

3,400 

26 

45,700 

221,300 

32 

4 

k 

72,000 

8,100 

6     ] 

' 

40,500 

472,000 

9 

67,100 

5,800 

IS      , 

Stretched  to  a  fiber  stress  of  57,000  lb. 

.       41,100 

126,800 

23 

per  sq.  in.  and  tested  immediately. 

45,400 

118,500 

25 

67,200 

4,600 

31     J 

\ 

62,200 

21,200 

7    ] 

' 

63,700 

13,300 

12 

29,100 

226,700 

14     , 

Stretched  to  a  fiber  stress  of  57,000  lb. 

76,200 

4,800 

22 

per  sq.  in.,  boiled  15  mm.  and  tested.    ] 

70,500 

11,700 

28 

31,500 

112,500 

29     J 

\ 

22,100 

490,500 

8 

/ 

53,.60O 

1 

30,700 

10 

44,200 

108,600 

13 

Stretched  to  a  fiber  stress  of  57,000  lb. 

58,000 

35,500 

24 

per  sq.  in . ,  aged  60  days  and  tested .      ] 

35,800 

120,800 

27 

■ 

31,400 

198,200 

30     J 

\ 

62,200 

4,800 

Specimens  from  cold-rolled  i 

(trip  1  in.  by  K  in> 

•  • 

X 

51,600 

36,800 

•  •  • 

51,900 

17,100 

•  •  • 
■  •  • 

> 

Ck)ld-rolled  as  received.                         < 

60,600 

10,900 

•  ■  • 

•  ■  •  • 

24,700 

188,000 

•  •  •  • 

'         37,900 

192,700 

t 

\ 

46,800 

1 

83,600 

• 

f 

37,900 

23,000 

•  •  •  • 

35,400 

20,400 

> 

Annealed  from  1450^  F.                        i 

39,800 

10,500 

^k  tf^  ^m      M  ^V^V 

■  •  •  • 

•  •  ■  ■ 

22,200 

635,400 

26,900 

92,300 

i 

{                                                                                                                                     t 

28,800 

J 

46,500 

H.   F.   UOORE  AKD   W.  J.   PUTNAM 
Table  2.~Besuita  of  Fatigue  Teats— (CoTUinued) 


I  Annealed  from 


Annealed  from  1350*  F,  oompremod 
ridewiw   under  a    fiber    stieas  of  I 
60,000 lb.  pereq. in., boiledfOndased  | 
2da.yt. 


62,500 
50,600 
40,800 
60,700 
63,400 
66,600 


24,800 
157,700 
259,000 
IS,  700 
6,700 
6,000 


The  A.  S.  T.  M.  elastic  limit  is  regarded  as  the  upper  limit  of  elastic 
strength  under  any  condition  and  so  in  Figs.  2,  3,  and  4  the  inclined 
straight  lines  are  terminated  at  their  upper  ends  at  an  ordinate  value 
npreeenting  the  A.  8.  T.  M.  elastic  limit.    The  values  of  the  A.  8.  T.  M. 
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elastic  limit  represent  the  relative  static  elastic  strengths  for  the  different 
materials  and  for  any  ^ven  number  of  repetitions  of  stress  the  fatigue 
strength  is  represented  by  the  ordinate  to  the  inclined  line,  except  for 
stresses  higher  than  the  elastic  limit.  The  inclined  lines  were  determined 
from  the  data  given  in  Table  2.  The  part  of  the  inclined  line  above  the 
static  elastic  limit  is  omitted. 

The  tests  indicate  that  an  increase  in  the  static  strength  of  medium 
steel  due  to  cold-working  does  not  necessarily  indicate  increased  resist- 
ance to  fatigue  under  repeated  stress.  In  interpreting  the  results  of  the 
fatigue  tests,  it  should  be  borne  in  mind  that  if  the  inclined  line  represent- 
ing the  test  results  is  steeper  for  cold-worked  material  than  for  material 
as  received  or  annealed  it  indicates  that  for  low  fiber  stresses,  and  cor- 
responding high  numbers  of  repetitions  for  failure,  the  increased  fatigue 
strength  due  to  cold-working  diminishes.  In  the  case  of  cold-stretched 
material,  Fig.  2,  for  low  stresses  the  fatigue  strength  of  the  cold-worked 
material  was  found  to  be  actually  less  than  the  fatigue  strength  of 
the  material  as  received. 

For  commercial  cold-rolled  steel,  the  tests  show  an  apparent  approach 
to  equality  of  strength  to  resist  fatigue  between  cold-rolled  steel  and 
annealed  steel  as  lower  stresses  are  used.  It  would  seem  to  be  rather 
doubtful  whether  for  working  stresses  cold-rolled  steel  would  show  higher 
fatigue  strength  than  hot-rolled  steel  of  the  same  composition.  This  is 
also  indicated  by  the  relative  slopes  of  the  lines  for  cold-rolled  steel  and 
for  hot-rolled  steel  shown  in  Fig.  5. 

The  results  of  tests  of  cold-pressed  steel  are  interesting  in  that  they 
show  a  slight  improvement  in  fatigue  strength  of  steel  after  cold-press- 
ing as  contrasted  with  diminished  fatigue  strength  after  cold-stretching. 
This  result  should  be  confirmed  by  further  tests  before  being  accepted. 

Tests  on  the  Effect  of  Rest 

There  have  been  various  positive  statements  that  steel  subjected  to 
reversals  of  stress  will  have  its  life  materially  increased  if  it  is  allowed 
resting  periods,  and  it  has  been  experimentally  demonstrated  by 
Bauschinger,  Hancock,  and  others  that  the  static  elastic  strength  of 
overstressed  steel  is  increased  by  rest.  The  study  of  the  effect  of  rest 
on  fatigue  strength  was  the  object  of  the  following  tests.  It  was  assumed 
at  the  start  that  the  rest  period  should  be  about  such  as  a  machine  pari 
would  receive  in  actual  practice.  Specimens  were  subjected  to  repeated 
stress  for  one-third  of  their  life,  as  found  by  continuous  runs  to  failure  on 
several  similar  specimens,  and  were  allowed  to  rest  24  hr.  The  speci- 
mens were  then  subjected  to  repeated  stress  for  a  second  third  of  their 
life  and  again  rested  for  24  hr.  This  process  was  repeated  till  failure 
occurred.    Each  specimen  tested  with  resting  periods,  therefore,  had  at 
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least  two  rest  periods  of  24  hr.  each.  There  is  an  infinite  number  of 
other  combinations  of  number  and  duration  of  resting  periods  that 
could  be  tried,  but  it  was  thought  that  if  rest  has  a  marked  e£fect  in 
increasing  life  the  fact  would  be  evidenced  by  these  tests. 

Four  series  of  tests  on  three  different  materials  were  made  in  the 
Upton-Lewis  vibratory  testing  machine  and  four  series  on  four  materials 
were  made  in  a  White-Souther  rotating  testing  machine.'  Static  tension 
tests  of  the  material  were  made  as  already  described.  Table  3  gives  the 
average  results  of  static  tests  and  Table  4  the  data  for  the  fatigue  tests. 


50.000 


10.000 


S    8  ^ 


Numbor  of  R«vers«lt  of  Stress  for  Failure 
(White  Souther  Machine) 


Fig.  6. — Results  op  fatigue  tests  of  round  structural  steel  bars. 


The  test  specimens  used  are  shown  in  Fig.  1.  Fatigue-test  data  plotted 
on  logarithmic  paper  are  shown  in  Figs.  5  to  9.  Fig.  5  shows  the  results 
of  tests  made  on  the  Upton-Lewis  machine  and  Figs.  6  to  9  show  the 
results  from  the  White-Souther  machine.  From  the  curves  no  marked 
benefit  of  a  short  period  of  rest  on  the  fatigue  strength  of  steel  can  be 
detected.  •  This  is  especially  true  for  stresses  within  the  limit  of  pro- 
portionality of  the  material. 


^Proc,  American  Society  for  Testing  Materials  (1907)  7,  616. 

*  The  tests  on  the  Upton-Lewis  machine  show  slightly  greater  fatigue  strength 
under  low  stresses  for  the  continuous  tests.  The  tests  on  the  White-iSouther  machine 
show  slightly  greater  fatigue  strength  for  the  tests  in  which  the  specimen  is  given 
periods  of  rest. 
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Number  of  Rev«rtd»  of  StroM  for  Failure 
( White -Southor  Machine) 

Fig.  7. — Results  of  fatigub  tests  of  0.20  peb  cent,  carbon  steel. 
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Table  3. — Average  Results  for  Static  Tests  on  Effect  of  Rest  on  FaU^ 

Strength 


Kind  of  Steel 


Number  of 
Specimen* 


Propor- 
tional 
Limit,  Lb. 
per  Sq.  In. 


Ultimate 

Strength, 

Lb.  per 

Sq.  in. 


Elongation 

in  2  in.. 

Per  Cent. 


Reductioo 
of  AXM, 

PerCeni 


Hot-rolled 

Tempered  spring 

Cold-rolled 

J^-in.  round  Btnictural  steel 
bars 

Nominal  0.20  per  cent,  car- 
bon steel 

Nominal  0.40  per  cent,  car- 
bon steel 

About  1.00  per  cent,  carbon 
steel 


4 

4 
2 

4 

17 

11 

13 


33,200* 
147,900 
40,200t 

36,400 


^54,550 

224,400 

86,800 

64,800 


40,300    64,300 


46,200 
80,400 


79,100 
139,900 


3.0 
13.3 


38.8 
33.4 
1.46 


64.5 
18.2 
46.3 

61.3 

63.4 

57.6 

1.49 


♦  A.  S.  T.  M.  Elastic  limit,  36,200  lb.  per  sq.  in. 
t  A.  S.  T.  M.  Elastic  limit,  71,200  lb.  per  sq.  in. 


Table  4. — Results  of  Fatigue  Tests  on  Effect  of  Rest  on  Fatigue  StrengOi 


Continuous  to  Failure 

Resting  24  hr.  at  One-third  and  Two-thirds  of 
Continuous  Life 

Specimen 
Mark 

Nominal  Fiber 

Strees. 

Lb.  per  Sq.  In. 

S 

Number  of 

Repetitiona 

at  Failure 

N 

Specimen 
Mark 

Nominal  fiber 

Stress, 
Lb.  per  Sq.  In. 

Number  q£ 

Repetitioiis 

at  Failure 

N 

Hot-rolled  steel  (I 

40,140 

Fpton-Lewis  m 

achine) 

ISI 

40,400 

IRl 

40,000 

41,470 

1S2 

40,400 

48,425 

1R2 

40,400 

39,010 

1S3 

40:400 

49^430 

1R3 

'40,000    * 

52,375 

2S1 

65,300 

6,250 

2R1 

55,300 

6,205 

2S2 

65,300 

6,425 

2R2 

55,300 

6,200 

2S3 

55,300 

6,520 

2R3 

55,300 

7,330 

3S1 

27,400 

501,175 

3R1 

27,400 

462,330 

3S2 

27,400 

468,140 

3R2 

27,400 

524,630 

3S3 

27,400 

330,100 

3R3 

27,400 

670,540 

4S1 

24,500 

371,700 

4R1 

24,050 

270,100 

4S2 

26,000 

465,300 

4R2 

23,600 

315,550 

4S3 

23,600 

330,400 

4R3 

22,600 

295,350 

5S1 

24,050 

475,500 

6R1 

23,070 

369,200 

5S2 

23,070 

558,150 

5R2 

23,070 

410,300 

5S3 

25,000 

852,050 

5R3 

21,650 

750,100 

6S1 

40,000 

42,100 

6R1 

37,000 

36,600 

6S2 

40,000 

33,700 

6R2 

35,100 

35,400 

6S3 

37,600 

47,500 

6R3 

35,600 

33,000 
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Continuoua  to  Failure 


Raatins  24  hr.  at  One-third  and  Two-thirda  of 
Continuous  Line 


_    .       I   Nominal  Fiber 
Speamen  Street. 

^k    I    Lb.  per  Sq.  In 
S 


Number  of 

Repetitions 

at  Failure 

N 


Specimen 
Mark 


Nominal  Fiber 

Stress, 

Lb.  per  8q.  In. 

8 


Number  of 

Repetitions 

at  Failure 

•N 


ISl 
1S2 
1S3 
2S1 
2S2 
2S3 
381 
3S2 
3S3 


Tempered  spring  steel 

(Upton-Lewi 
IRl 

s  machine) 

ISl    1 

118,500 

5,600 

136,000 

4,600 

1S2    ' 

128,500 

4,500 

1R2 

155,500 

9,200 

1S3    1 

116,000 

4,500 

1R3 

141,000 

7,500 

2S1 

_      1 

79,100 

38,150 

2R1 

77,800 

26,700 

2S2    ! 

1 

76,600 

36,200 

2R2 

79,100 

26,700 

2S3 

79,100 

23,600 

2R3 

86,500 

25,800 

3S1 

57,400 

149,000 

3R1 

59,200 

107,800 

3S2    , 

57,800 

106,400 

3R2 

61,100 

137,100 

3S3 

58,800 

119,500 

3R3 

64,000 

108,400 

4S1 

r 

44,200 

895,000 

4R1 

44,200 

320,100 

4S2 

29,400  ♦ 

178,800 

4R2 

44,200 

347,500 

4S3 

28,200*       , 

263,800 

4R3 

43,700 

4,027,300 

Cold-rolled  steel  (Upton-Lewis  machine) 


62,500 

18,200 

IRI 

66,100 

13,400 

58,700 

25,550 

1R2 

66,100 

14,800 

62,500 

16,900 

1R3 

66,100 

14,000 

80,800 

4,900 

2R1 

84,400 

4,400 

80,800 

8,150 

2R2 

84,400 

5,060 

79,000 

4,200 

2R3 

84,400 

5,340 

42,200 

115,800 

3R1 

34,900 

92,750 

41,300 

.71,200 

3R2 

38,500 

77,900 

42,200 

50,150 

3R3 

40,400 

49,400 

"Pi-in.  round  structural  steel  bars  (White- 

Souther  machine) 

26,850 

ISl 

27,700 

1,240,000 

4S1 

14,465,400 

1        28,300 

520,000 

27,300 

3,464,400 

2SI 

29,400 

713,100 

5S1 

27,900 

756,200 

(Broke 

29,400 

713,100 

27,100 

1,275,200 

in  grip) 

3S1 

27,900 

779,300 

9S1 

32,000 

117,700 

27,900 

713,600 

30,400 

194,900 

6S1 

30,500 

183,000 

lOSl 

31,050 

246,200 

30,400 

859,700 

31,000 

352,900 

7SI 

30,800 

308,000 

llSl 

31,700 

247,900 

32,000 

266,200 

30,800 

264,600 

8S1 

30,500 

334.700 

12S1 

31,900 

346,500 

31,000 

334,800 

31,200 

365,000 

182 

37,300 

77,500 

8S2 

34,100 

147,700 

34,000 

156,700 

34,400 

225,300 

4S2 

34,800 

40,300 

9S2 

34,000 

152,400 

(Bent) 

34,800 

40,300 

33,600 

•     143,000 

5S2 

32,800 

208,700 

10S2 

32,500 

118,100 

32,800 

164,600 

33,000 

118,200 

6S2 

32,500 

95,400 

11S2 

33,500 

118,500 

32,200 

113,400 

32,700 

156,100 

782 

32,900 

167,700 

32,300 

197,600 

• 

*  Machine  out  of  order. 
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Table  4 — (Continued) 


Continuous  to  Failure 


Resting  21  hr.  at  One-third  and  Two-thirdi 
of  Continuous  Life 


Specimen 
Mark 


Nominal 

Fiber  Stress 

Lb.  per  Sq.  In. 

S 


Number  of 

Repetitions 

at  Failure 

N 


Nominal 

Number  of 

Specimen 
Mark 

Fiber  Stress 

RcpetitioQS 

Lb.  per  Sq.  In. 

at  Failure 

S 

1                N 

Nominal  0.20  per  cent,  carbon  steel  (White-Souther  machine) 


2-0 

31,700 

1 
520,400 

2-2 

32,500 

331,900 

32,300 

477,200 

32,000 

203,000 

2-1 

32,150 

501,200 

2-3 

32,900 

458,700 

32,900 

196,300 

33,200 

311,300 

2-4 

36,800 

104,500 

2-6 

35,500 

126,500 

36,000 

110,500 

36,100 

64,300 

2-5 

37,000 

69,500 

2-7 

38,000* 

11,600  bent 

35,400 

118,200 

38,000* 

11,600  bent 

2-9 

30,800 

811,600 

2-8 

38,000* 

4,200  bent 

29,800 

667,500 

38,000* 

4,200  bent 

2-A 

29,300 

720,300 

2-B 

30,600 

782,100 

29,600 

338,800 

29,300 

766,200 

2-D 

26,800 

1,780,500 

2-C 

30,500 

529,900 

26,000 

207,174,900 

29,800 

426,600 

2-E 

26,650 

3,348,500 

27,900 

526,593,800lBent 

jel  (White-Sou 

Nominal  0." 

iO  per  cent,  carbon  stc 

ther  machine) 

4-0-S 

40,600 

66,400 

4-4-S 

43,600* 

2,400  bent 

41,500 

95,100 

41,700 

66,800 

4-2-S 

41,500 

103,800 

4-9-S 

43,300 

84,300 

42,200 

85,900 

44,000 

70,200 

4-G-S 

38,300* 

36,900  bent 

4-H-S 

36,700 

177,900 

28,300* 

36,900  bent 

36,500 

266,100 

4-F-S 

36,400 

279,700 

4-I-S 

35,600 

198,800 

36,200 

226,000 

36,600 

165,700 

4-K-S 

32,000 

547,400 

4-N-S 

32,000 

1,366,200 

31,900 

1,398,200 

31,600 

1,422,900 

4-M-S 

32,100 

589,100 

32,200 

240,000 

I 

Nominal  1 .00  per  cent,  carbon  steel  (White-Souther  machine) 


4-1-H 

68,500 

8,200 

4-5-H 

67,600 

18,200 

70,500 

7,300 

67,100 

14,700 

4-3-H 

67,100 

14,100 

4-6-H 

68,000 

14.200 

64,000 

15,600 

67,500 

14,900 

4-7-H 

54,500 

1 22,300 

4-A-H 

53,600 

260,100 

55,600 

116,400 

53,400 

247.800 

4-8-H      • 

52,200 

216,100 

4-B-H 

56,600 

61,100 

1,699,700 

54,900 

71,800 

Broke  in  chuck 

*  Estimated. 

t  Specimen  bent,  possibly  accidentally. 
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[  SUBJECT  TO  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
New  York  meeting,  February,  1010,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writins  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  20  West 
39tk  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1010.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Mental  Tests  in  Industry* 

PRESENTEO  BT  ROBERT  M.   TERKES,   WASHINGTON,    D.   C. 
(New  York  Meeting,  February,  1010) 

The  following  is  a'  brief  account  of  the  methods  of  measuring 
intelligence  especially  prepared  for  use  in  the  U.  S.  Army,  of  typical 
results,  and  of  some  of  their  immediately  practical  applications. 
It  has  been  prepared  for  the  assistance  of  army  examiners  and  for 
the  mformation  of  all  who  are  interested  in  the  relations  of  scientific 
placement  to  military  efficiency. 

Purpose  of  the  Intelligence  Tests 

Under  the  direction  of  the  Division  of  Psychology,  Medical  Depart- 
ment, and  in  accordance  with  provisions  of  War  Department  General 
Order  No.  74,  mental  tests  are  given  recruits  during  the  2-wk. 
detention  period.  These  tests  provide  an  immediate  and  reasonably 
dependable  classification  of  the  men  according  to  general  intelligence. 
Their  specific  purposes  are  to  aid: 

1.  In  the  discovery  of  men  whose  superior  intelligence  suggests  their 
consideration  for  advancement; 

2.  In  the  prompt  selection  and  assignment  to  development  bat- 
talions of  men  who  are  so  inferior  mentally  that  they  are  suited  only 
for  selected  assignments; 

3.  In  forming  organizations  of  uniform  mental  strength  where 
such  uniformity  is  desired; 

4.  In  forming  organizations  of  superior  mental  strength  where  such 
superiority  is  demanded  by  the  nature  of  the  work  to  be  performed; 

5.  In  selecting  suitable  men  for  various  army  duties  or  for  special 
training  in  colleges  or  technical  schools; 

6.  In  the  early  formation  of  training  groups  within  regiment  or 
battery  in  order  that  each  man  may  receive  instruction  and  drill  ac- 
cording to  his  ability  to  profit  thereby; 


*  Published  with  the  approval  of  the  Surgeon  General  of  the  Army,  from  the 
Dxvieion  of  Psychology,  Medical  Department,  Major  Robert  M.  Yerkes,  Chief.  This 
article,  in  slightly  different  form,  was  printed  in  November,  1918,  by  the  National 
Research  Council. 
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7.  In  the  early  recognition  of  the  mentally  slow  as  contrasted  with 
the  stubborn  or  disobedient; 

8.  In  the  discovery  of  men  whose  low-grade  intelligence  renders 
them  either  a  burden  or  a  menace  to  the  service. 

Nature  op  Tests 

The  tests  were  prepared  by  a  committee  of  the  American  Psycho- 
logical Association  and  of  the  National  Research  Coimcil.  Before 
being  ordered  into  general  use  they  were  thoroughly  tried  out  in  four 
National  Army  Cantonments.  From  time  to  time  they  have  been 
revised  to  increase  their  practical  usefulness.  Up  to  January  1,  1919, 
approximately  one  million  seven  hundred  thousand  men  had  been  tested. 
Three  systems  of  test  are  now  in  use: 

1.  Alpha, — This  is  a  group  test  for  men  who  read  and  write  En^h. 
It  requires  only  60  min.,  and  can  be  given  to  groups  as  large  as  500. 
The  test  material  is  so  arranged  that  each  of  its  212  questions  may  be 
answered  without  writing,  merely  by  underlining,  crossing  out,  or  check- 
ing. The  papers  are  later  scored  by  means  of  stencils,  so  that  nothing 
is  left  to  the  personal  judgment  of  those  who  do  the  scoring.  The 
mental  rating  which  results  is  therefore  wholly  objective. 

2.  Beta. — This  is  a  group  test  for  foreigners  and  illiterates.  It 
may  be  given  to  groups  of  from  76  to  300  and  requires  approximately 
60  min.  Success  in  Beta  does  not  depend  on  knowledge  of  English, 
as  the  instructions  are  given  by  pantomime  and  demonstration.  Like 
Alpha,  it  measures  general  intelligence,  but  does  so  through  the  use  of 
concrete  or  picture  material  instead  of  by  the  use  of  printed  language. 
It  also  is  scored  by  stencils,  and  yields  an  objective  rating. 

3.  Individual  Tests, — Three  forms  of  individual  test  are  used:  The 
Yerkes-Bridges  Point  Scale,  the  Stanford-Binet  Scale,  and  the  Per- 
formance Scale.  An  individual  test  requires  from  16  to  60  min.  The 
instructions  for  the  Performance  Scale  are  given  by  means  of  gestures 
and  demonstrations,  and  a  high  score  may  be  earned  in  it  by  an  intelligent 
recruit  who  does  not  know  a  word  of  English. 

All  enlisted  men  are  given  either  Alpha  or  Beta  according  to  their 
degree  of  literacy.  Those  who  fail  in  Alpha  are  given  Beta,  and  those 
who  f aU  to  pass  in  Beta  are  given  an  individual  test.  As  a  result  of  the 
tests,  each  man  is  rated  as  A,  B,  C+,^C,  C  — ,  D,  D— ,  or  E.  The 
letter  ratings  are  reported  to  the  Interviewing  Section  of  the  Personnel 
Office,  and  are  there  copied  on  the  qualification  cards  (in  the  square 
marked  Intelligence).  The  psychological  report,  after  the  grades  have 
been  copied  on  the  qualification  cards,  is  forwarded  from  the  Inter- 
viewing Section  to  the  Mustering  Section  of  the  Personnel  Office,  where 
each  soldier's  letter  rating  is  copied  on  the  second  page  of  his  service 
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record.  A  copy  of  the  psychological  report  is  also  sent  by  the  psycho- 
logical examiner  to  the  company  commander,  who  uses  it  in  the  organiza- 
tion of  his  company.  In  some  camps,  the  entering  of  intelligence  grades 
on  service  records  has  been  left  to  company  commanders,  but  accuracy 
and  uniformity  is  secured  by  having  these  grades  entered  in  the  Muster- 
ing Section  of  the  Personnel  Office  when  the  service  records  are  being 
started. 

The  psychological  staff  in  a  camp  is  ordinarily  able  to  test  2000 
men  per  day  and  to  report  the  ratings  to  the  Personnel  Office  within 
24  hr.  Personnel  adjutants  cooperate  in  arranging  the  schedule  of 
psychological  examinations  so  as  to  secure  from  them  maximmn  value. 

Explanation  of  Letter  Ratings 

The  rating  a  man  earns  furnishes  a  fairly  reliable  index  of  his  ability 
to  learn,  to  think  quickly  and  accurately,  to  analyze  a  situation,  to 
maintain  a  state  of  mental  alertness,  and  to  comprehend  and  follow  in- 
^ructions.  The  score  is  little  influenced  by  schooling;  some  of  the  highest 
records  have  been  made  by  men  who  had  not  completed  the  eighth 
grade.     The  meaning  of  the  letter  ratings  is  as  follows: 

A,  Very  Superior  Intelligence. — This  grade  is  ordinarily  earned 
by  only  4  or  5  per  cent,  of  a  draft  quota.  The  A  group  is  composed  of 
men  of  marked  intellectuality.  A  men  are  of  high-officer  type  when 
they  are  also  endowed  with  leadership  and  other  necessary  qualities. 

B.  Superior  Inielligence. — ^B  intelligence  is  superior  but  less  excep- 
tional than  that  represented  by  A.  The  rating  B  is  obtained  by  eight 
to  ten  soldiers  out  of  a  hundred.  The  group  contains  many  men  of 
the  commissioned-officer  type  and  a  large  amount  of  non-commissioned 
officer  material. 

C+.  High  Average  Intelligent, — This  group  includes  15  to  18  per 
cent,  of  all  soldiers.  It  contains  a  large  amount  of  non-commissioned 
officer  material  with  occasionally  a  man  whose  leadership  and  power 
to  command  fit  him  for  commissioned  rank. 

C  Average  Intelligence. — Includes  about  25  per  cent,  of  soldiers. 
Excellent  private  type  with  a  certain  amount  of  fair  non-commissioned 
officer  material. 

C— .  Low  Average  Intelligence. — Includes  about  20  per  cent.  While 
below  average  in  intelligence,  C—  men  are  usually  good  privates  and 
satisfactory  in  work  of  routine  nature.  , 

D.  Inferior  Intelligence. — Includes  about  15  per  cent,  of  soldiers. 
D  men  are  likely  to  be  fair  soldiers,  but  they  are  usually  slow  in  learning 
and  rarely  go  above  the  rank  of  private.  They  are  short  on  initiative 
and  so  require  more  than  the  usual  amount  of  supervision.  Many  of 
them  are  illiterate  or  foreign. 
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D—  and  E.  Very  Inferior  Intelligence, — This  group  is  divided  into 
two  classes:  D—  men,  who  are  very  inferior  in  intelligence  but  are  con- 
sidered fit  for  regular  service,  and  E  men,  those  whose  mental  inferiority 
justifies  their  recommendation  for  development  battalion,  special-service 
organization,  rejection,  or  discharge.  The  majority  of  D  —  and  E  men 
are  below  10  years  in  mental  age. 

The  immense  contrast  between  A  and  D—  intelligence  is  shown 
by  the  fact  that  men  of  A  intelligence  have  the  ability  to  make  a  superior 
record  in  college  or  university,  while  D  —  men  are  of  such  inferior  men- 
tality that  they  are  rarely  able  to  go  beyond  the  third  or  fourth  grade 
of  the  elementary  school,  however  long  they  attend.  Many  of  them 
are  of  the  moron  grade  of  feeble-mindedness.  B  intelligence  is  capable 
of  making  an  average  record  in  college,  C+  intelligence  cannot  do  so 
well,  while  mentality  of  the  C  grade  is  rarely  capable  of  finishing  a  high- 
school  course. 

Directions  for  the  Use  of  Intelligence  Ratings 

In  using  the  intelligence  ratings  the  following  points  should  be  borne 
in  mind: 

1.  The  mental  tests  are  not  intended  to  replace  other  methods  of 
judging  a  man's  value  to  the  service.  It  would  be  a  mistake  to  as- 
sume that  they  tell  us  infallibly  what  kind  of  soldier  a  man  will  make. 
They  merely  help  to  do  this  by  measuring  one  important  element  in 
a  soldier's  equipment,  namely,  intelligence.  They  do  not  measure 
loyalty,  bravery,  power  to  command,  or  the  emotional  traits  that  make 
a  man  "carry  on."  However,  in  the  long  run  these  qualities  are  far 
more  likely  to  be  found  in  men  of  superior  intelligence  than  in  men 
who  are  intellectually  inferior.  Intelligence  is  probably  the  most  im- 
portant single  factor  in  soldier  efficiency,  apart  from  physical  fitness. 

2.  Commissioned-officer  material  is  found  chiefly  in  the  A  and  B 
groups,  although,  of  course,  not  all  high-score  men  have  the  other  quali- 
fications necessary  for  officers.  Men  below  C+  should  not  be  accepted 
as  students  in  Officers'  Training  Schools  unless  they  possess  exceptional 
power  of  leadership  and  ability  to  command. 

3.  Since  more  than  one-fourth  of  the  enlisted  men  rate  as  hi^ 
as  C-h,  there  is  rarely  justification  for  going  below  this  grade  in  choosing 
non-commissioned  officers.  This  is  especially  the  case  in  view  of  the 
likelihood  of  promotion  from  non-commissioned  to  commissioned  grade. 
Even  apart  from  considerations  of  promotion,  it  is  desirable  to  avoid 
the  appointment  of  mentally  inferior  men  (below  C)  as  non-commis- 
sioned officers.  Several  careful  studies  have  shown  that  C—  and  D 
sergeants  and  corporals  are  extremely  likely  to  be  found  unsatisfactory. 
The  fact  that  a  few  make  good  does  not  justify  the  risk  taken  in  their 
appointment. 
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4.  Men  below  C+  are  rarely  equal  to  complicated  paper  work. 

5.  In  selecting  men  for  tasks  of  special  responsibility,  the  prefer- 
ence should  be  given  to  those  of  highest  intelligence  rating  who  also 
have  the  other  necessary  qualifications.  If  they  make  good,  they 
should  be  kept  on  the  work  or  promoted;  if  they  fail,  they  should  be 
replaced  by  men  next  on  the  list.  To  aid  in  selecting  men  for  occupa- 
tional assignment,  data  have  been  gathered  on  the  range  of  intelligence 
scores  found  in  various  occupations.  This  material  has  been  placed  in 
the  hands  of  the  Personnel  Officers  for  use  in  making  assignments.  It 
is  suggested  that  those  men  who  have  an  intelligence  rating  above  the 
average  in  an  occupation  should  be  the  first  to  be  assigned  to  meet  re- 
quirements in  that  occupation.  After  that,  men  with  lower  ratings 
should  be  considered. 

6.  In  making  assignments  from  the  depot  brigade  to  permanent 
organizations,  it  is  important  to  give  each  unit  its  proportion  of  su- 
perior, average,  and  inferior  men.  If  this  matter  is  left  to  chance,  there 
wiQ  inevitably  be  weak  links  in  the  army  chain.  Exception  to  this  rule 
should  be  made  in  favor  of  certain  arms  of  the  service  which  require 
more  than  the  ordinary  number  of  mentally  superior  men,  e.  g,,  signal 
corps,  machine  gun,  field  artillery,  and  engineers.  These  organizations 
ordinarily  have  about  twice  the  usual  proportion  of  A  and  B  men  and 

m  

very  much  less  than  the  usual  proportion  of  D  and  D  —  men. 

The  first  two  columns  in  the  accompanying  table  illustrate  the  distri- 
bution of  intelligence  ratings  typical  of  infantry  regiments  and  also  the 
extreme  differences  in  the  mental  strength  of  organizations  which  are 
built  up  without  regard  to  these  ratings.  The  last  column  to  the  right 
shows  a  balanced  distribution  of  intellectual  strength  which  might  have 
been  made  to  each  of  these  two  regiments. 

Typical  Distribution  of  Intelligence  Ratings  in  Infantry  Regiments 


Intellieence  Rating 


Two  Actual  Distributions 


Interpretation 


let  Rest., 
Per  Cent. 


A 
B 

C-l- 

c 
c- 

D 
D- 


Very  superior 

Superior 

High  average 

Average , 

Low  average . 

Inferior 

Very  inferior. 


1.0 
3.0 
7.0 
16.0 
25.0 
31.0 
18.0 


2d  Rest., 
Per  Cent. 


6.0 
12.0 

20.0 
28.0 
19.0 
13.0 
2.0 


Balanced 
I  Distribution, 
!      Per  Cent. 


3.5 
7.6 

13.6 
21.6 
22.0 
22.0 
10.0 


Unless  intelligence  is  wisely  distributed  certain  companies  which 
train  much  more  slowly  than  others  will  delay  the  program  of  the 
r^ment. 
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7.  D  and  D  —  men  are  rarely  suited  for  tasks  which  require  special 
skill,  resoilrcefulness  or  sustained  alertness.  It  is  also  unsafe  to  exp&d 
D,  D— ,  or  E  men  to  read  or  understand  written  directions. 

8.  Only  high-score  men  should  be  selected  for  tasks  which  require 
quick  learning  or  .rapid  adjustments. 

9.  It  should  not  be  supposed  that  men  who  receive  the  same  men- 
tal rating  are  necessarily  of  equal  military  worth.  A  man's  value  to 
the  service  should  not  be  judged  by  his  intelligence  alone. 

10.  The  intelligence  rating  is  one  of  the  most  important  aids  in 
the  rapid  sorting  of  the  masses  of  men  in  the  depot  brigade.  In  no 
previous  war  has  so  much  depended  on  the  prompt  and  complete  utilisa- 
tion of  the  mental  ability  of  the  individual  soldier.  It  is  important, 
therefore,  that  the  psychological  ratings  be  regularly  used  as  an  aid 
in  the  selection,  assignment,  and  classification  of  men. 

Evidence  that  the  Tests  Measure  Militart  Value 

It  has  been  thoroughly  demonstrated  that  the  intelligence  ratings 
are  useful  in  indicating  a  man's  probable  value  to  the  service.  The  data 
on  this  matter  presented  m  the  accompan3ring  diagrams  are  typi(»il. 

Enlisted  Men  ( 13792  )-RelAt1vftiy  lllitentt 

Enlittod  Men  (82936)  -  Literate 


»vrj-j-jr. 

-  Corporals          (4023)                                     // 

-  Sergeants         (3393)                                 // 

-  O.T.C.            (9240)                             /'' 

-  Officer!             (8819)                         // 

'^ 

/>' — \ 

\\  J  \ 

D  -  D  C-  C  C+  B  A 

FlQ.  1. — DiBTBIBUTION  OF  INTELLXGBNCB  RATINGS  IN  TYPICAL  ABUT  GBOUVB, 
SHOWING  VALUB  OF  TESTS  IN  IDENTIFICATION  OF  OFFICBB  IIATBBIAL.  IlUTEBATE 
GROUP  GIVEN  beta;  OTHEB  QBOUPB,   ALPHA. 

The  psychological  ratings  have  proved  valuable  not  so  much  because 
they  make  a  better  classification  than  would  come  about  in  the  course 
of  time  through  natural  selection,  but  chiefly  because  they  greatly 
abbreviate  this  process  by  indicating  immediately  the  groups  in  which 
suitable  officer  material  will  be  found,  and  at  the  same  time  those  men 
whose  mental  inferiority  warrants  their  elimination  from  r^ular  units 
in  order  to  prevent  retardation  of  training.  Speed  counts  in  a  war  that 
costs  $50,000,000  per  day.  Fig.  1  shows  the  distribution  of  intelligence 
ratings  in  typical  army  groups. 
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Fig.  2  shows  the  results  for  three  Officers'  Training  Schools,  having 
a  total  enrollment  of  1375.  Note  the  rapid  increase  in  elimination  in 
grades  below  B.  Of  those  above  C+,  8.65  per  cent,  were  eliminated;  of 
those  below  C+,  58.27  per  cent. 

Fig.  3  shows  the  results  for  four  Non-commissioned  Officers'  Training 
Schools,  having  a  total  enrollment  of  1458.  Note  the  rapid  increase  in 
elimination  in  the  grades  below  C.  Of  those  above  C,  18.49  per  cent, 
were  eliminated;  of  those  below  C,  62.41  per  cent. 

In  Fig.  4,  note  the  striking  intellectual  contrast  between  those  who 
have  been  selected  as  officer  material  and  the  men  who  have  been  desig- 
nated as  imteachable  or  of  low  military  value. 


A    B    C+  C    C-  D 


Per  C«nt 

SuCCMt 


Ft  Cent 
Failure 


Fig.  2. — Sitccbss  and  FAn^URis  in 

OFFICEBS'  TRAINING  SCHOOLS. 


O.T.C. 

I 

I     1376 
-   Men 


Per  Cent 
Suceen 


Per  Cent 
Failure 


A      BC^CC-D     0  — 


N.C.O. 

2458 
—       Men 


Fig.  3. — Success  and  failubb  in 


NON-COMMISSIONED 
ING   SCHOOLS. 


OFFICERS     TRAIN- 


The  men  of  Fig.  5  numbered  374.  They  were  classified  in  five  groups 
by  their  officers  on  the  basis  of  general  value  to  the  service.  The  men 
were  selected  from  12  different  companies,  on  the  basis  of  officers'  knowl- 
edge of  them.  Approximately  30  men  in  each  company  were  ranked 
in  serial  order  from  best  to  poorest  by  a  superior  officer.  This  rank 
order  for  each  company  was  then  correlated  with  the  rank  order  furnished 
by  the  tests.  In  7  of  the  12  companies  the  correlations  were  between 
0.64  and  0.75.  The  average  correlation  for  the  12  companies  was 
0.536.  These  correlations  are  high,  considering  the  large  nimiber  of 
factors  which  may  enter  to  determine  a  man's  value  to  the  service. 


Explanation  op  Fig.  6 

Conunanding  officers  of  10  different  organizations,  representing 
various  arms  in  a  camp,  were  asked  to  designate:  The  most  efficient 
men  in  the  organization;  men  of  average  value;  men  so  inferior  that  they 
were  barely  able  to  perform  their  duties.  The  officers  of  these  organiza- 
tions had  been  with  their  men  from  6  to  12  mo.  and  knew  them  excep- 
tionally well.  The  total  number  of  men  rated  was  965,  about  equally 
divided  among  best;  average,  and  poorest.    After  the  officers'  ratings 
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had  been  made,  the  men  were  given  the  psychological  test.    Comparison 
of  test  results  with  officers'  ratings  showed: 

1.  That  the  average  score  of  the  best  group  was  approximately  tVice 
as  high  as  the  average  score  of  the  poorest  group. 

2.  That  of  men  testing  below  C— ,  70  per  cent,  were  classed  as  poor- 
est and  only  4.4  per  cent,  as  best. 

3.  That  of  men  testing  above  C+,  15  per  cent,  were  classed  as  poor- 
est and  55.5  per  cent,  as  best. 

D.D-,E  C+,C,C-  AandB 

Committioned  Offic«n 

8819 

.  I      I       ii;.,„ I,,  ,1  ',■.    ■  ii 


O.T.S.  student! 
I  I  I  IJ,l'li.,",:ilJ'.l:rl.i.i||-:-n 

SergMiits 

33B3 


Corporals 

I  I  I  i,r';'„i'i"i:i.::i 

"Ton  Bott  Privates 
006 

I  I  I  I ,-  i.!|,ill 


White  Recruits 
77280 

II  m 

Disciplinary  Cases 

I  I    0 

"Ten  Poorest  "Privates 
S82 
I  I       D 

"Men  of  Low  Military  Value" 

147  Cftap  Cw(« 

I  I     B 


"Unteachable  Men" 


Fig.  4. — Proportion  of  low,  average  and  high-grade  men  in  typical  groups. 

4.  That  the  man  who  tests  above  C+  is  about  14  times  as  likely 
to  be  classed  best  as  the  man  who  tests  below  C  — . 

5.  That  the  per  cent,  classed  as  best  in  the  various  groups  increased 
steadily  from  0  per  cent,  in  D—  to  57.7  per  cent,  in  A,  while  the  per 
cent,  classed  as  poorest  decreased  steadily  from  80  per  cent,  in  D-  to 
11.5  per  cent,  in  A.  Considering  that  low  military  value  may  be  due  to 
many  things  besides  inferior  intelligence,  the  above  findings  are  very 
significant. 

In  an  infantry  regiment  of  another  camp  were  765  men  (regulars) 
who  had  been  with  their  officers  for  several  months.     The  company 
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commanders  were  asked  to  rate  these  men  as  1,  2,  3,  4,  or  5  according  to 
practical  soldier  value,  1  being  highest  and  5  lowest.  The  men  were 
then  tested,  with  the  following  results: 

1.  Of  76  men  who  earned  the  grade  A  or  B,  none  was  rated  5  and 
only  9  were  rated  3  or  4. 

2.  Of  238  D  and  D—  men,  only  one  received  the  rating  1,  and  only 
7  received  a  rating  of  2. 


Officers' 
Rating 
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51 


Fair 


Good 


70 


Best 


79 


Fig.  5. 
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Fro.  5. — Median  intelligence  bcores  (bt  points)  of  gboups  designated  as 

8B8T,  GOOD,  FAIB,  POOR,  AND  VERT  POOR  IN  MILITARY  VALUE. 

Fio.  6. — Median  intelligence  scores  (bt  points)  op  poorest,  average,  and 

BEST  MEN  IN  VARIOUS  ARMS  OF  SERVICE. 


3.  Psychological  ratings  and  ratings  of  company  commanders  were 
dentical  in  49.5  per  cent,  of  all  cases.  There  was  agreement  within 
me  step  in  88.4  per  cent,  of  cases,  and  disagreement  of  more  than  two 
iteps  in  only  0.7  per  cent,  of  cases. 

Sixty  company  commanders  were  asked  to  name  ten  best  and  ten 
Kwrest  privates.  Of  the  poorest,  57.5  per  cent,  graded  D—  or  D,  and 
ess  than  3  per  cent.  A  or  B,  see  Fig.  7.  The  data  show  that  a  man  above 
3+  is  from  8  to  12  times  as  likely  to  be  best  as  to  be  poorest;  and  that  a 
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man  below  C  —  is  from  6  to  10  times' as  likely  to  be  poorest  as  to  be  best. 
Intelligence  seems  to  be  the  most  important  single  factor  in  determining 
a  soldier*  s  value  to  the  service. 

In  another  camp  221  inapt  men  of  a  negro  pioneer  infantry  regiment 
were  referred  by  their  commanding  officers  for  special  psychological 
examination.  Of  the  221,  nearly  half  (109)  were  found  to  have  a  mental 
age  of  7  years  or  Jess.    These  men  had  been  transferred  from  camps 
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Fig.  12. — Inequality  of  regiments. 

Fig.  13. — Inequality  of  mental  stbength  in  18  officers'  training  scHooiiSy 
4th  series  (total  enrollment  9)240). 

where  there  were  no  psychological  examiners,  consequently  they  had  not 
been  examined  previously.  Such  data  illustrate  the  danger  incurred  in 
building  units  without  regard  to  mental  ratings.     See  also«Fig.  8. 

In  a  unit  about  to  go  overseas  306  men  were  designated  by  their 
commanding  officers  as  unfit  for  overseas  service.  These  were  referred 
for  psychological  examination,  with  the  result  that  90  per  cent,  were 
found  to  be  mentally  10  years  or  lower,  and  80  per  cent.  9  years  or  lower, 
see  Fig.  9. 

Mental  tests  reveal  the  weak  links  in  the  army  chain.  As  a  result  of 
findings  like  those  illustrated  by  Figs.  10,  11,  and  12,  the  intelligence 
ratings  arc  being  widely  used  as  a  basis  for  equalizing  or  balancing  the 


ROBERT  M.    TERKES 


417 


PER  CENT  A  AND  B  GRADES 
10  20  30 


40 


50 


San.  D«t. 
Field  Hotp. 
Amb.  Cot. 


Fig.  14. — Comparison  of  arms  of  service 

* 

OFFICERS' GRADES 


mm 
ran 


in 


cngln««r 
Field  Art. 
Tr.  Mortar 
Per*.  Adjts. 

Ambultnco  Cot    CHS 
Field  Siffntl 
Ordnance 
Machine  Gun 
Field  Hoep. 


I 


cs 


ill  M-llll'i 


Jitll.,  .1 


K 


Em 


Ammunition  Tr,  ■:r.,;!iii:'!: 

Military  Pol. 

Infantiy 

Bate  Hoap. 

Q.  M.  C. 


iiiij 


iiii'Mii';.:i 


i;Liiiij>iiiii,'.;L 


liillil.;iiilll,l',iii 


Sanitary  Det.        ■lim..ll!liirii;ilil 
Supply  Co.,  Inf. 
Medioal 
Supply  Train 
Dental 
Veterinary 


nn 


MEIEL 


iMIEEi: 


ii':.',4P.„ii'ii'i:-':,ij;ri':z 


HI 


Fia.  15.— 


Below  C+  ^   C-f-  a  A  and  B  m 

Pbopobtion  of  high  and  low  grades  in  various  officer  groups. 


418 


MENTAL  TESTS  IN  INDUSTRY 


mental  strength  of  units.  As  many  as  25,000  men  have  been  permanently 
assigned  to  a  division  in  a  few  hours  on  the  basis  of  inteUigence  scores 
and  tables  of  occupational  needs.  In  the  engineering  regiment  shown 
in  Fig.  11,  a  redistribution  of  men  was  made  on  the  basis  of  the  evidence 


D  - 


1 


C.= L 


C* 


B 


3 

48 

47e 

27t 


Laborer! m 

Tailors 

Cobbler! 


Oeneral  Miners 

Teamatera 

Udr  Mine  Drill  Hanneri 


Farmera.--- 

OoQcrete  Workers. 

Horao  Boatlert 

Barbera 

a«n  Boiler  Makers 
Boraeahoera 


2f 
0 

2Th 
45 

?» 

Ora  R.B.Bbop  Mtichaoics 

40Ca  Caterera 

ao  firicklajrcrs 

«0c  Oooki 

75  Lauudrymen 

aSa  Stat.Qaa  Engluemen 

40b  Bakers -- 

27tr  Horae  Tratnera 

IS  l>«iatera 


OCCUPATIONAL 


INTELLIGENCE  STANDARDS 


Length  of  Btr  shows  Range  of  Middle  5^0  Pw  Cent 


Vertical  Crossbar  shows  PoaUion  of  Mediaa 


7|  Gea.  Blacksmiths 

8Br  Bridge  Oarpenters— 

33t  Heavy  Track  Drivers 

8g  Qea. Oarpenters 

17me  Marine  Ka^iaemen 

♦I  Butchers — 

171e  Locomotire  Ensioemen 

81  Lathe  Baud 

Off  Gea.MaebinUts 

171C  Locomottva  Firemen 

21rh   Hand  ftlreters 

16b  Brakemea 

S2t  Tel.  and  Tel.  Linemen 

15c  R.B.  Conductors 

14g  (J  eu.  Pipefitters 

22ra  Motorcyclists 

I4p  Plumbers 

6ts  Tool  and  Gauge  Makeri 

11  Gunsmiths 

23a  Auto. Chauffeurs 

8mc  Gen. Mechanics 

24g    Oen.Auto  Bepalrmen 
8tr     Tool  Room  Experts-- 
8^      Detectircs  and  Policemen' 
24c     Auto  Engine  Mechanics 

24a     Aato  Assemblers 

18c     Stock  Checkers 

8tt       Ship  Oarpenters 

28       Varrier  and  Veterinarians 

23tm  Truckmasters 

33o     Telephone  Operators 

50c     Concrete  Oonstruction  Foremen 

18r      Receiver  and  Shipper 

18a     Stock  Keeper 

34       Photographer 

lOg      Gen  Blectrlciaas 

44b      Baud  Musicians - 

2It      Telegraphers 

Mrr   R.  R.  Clerks - 

38f      Flllug  Clerks 

38g     Gen  Clerks 

6me   Mechanical  Engineers 

Army  Mursea 
S8b     Bookkeepers  - 

Dental  Officers 
29m    Mechanical  Draftsmen 
30       Steuographers  and  Typists 
37       Accountants — 
105     Civil  Engineers 

T.  M.  C. A.Recretarles 

Medical  oncers. 

Army  Chaplains. 

Engineer  Officers 


"::; — r 


T 


C- 


T 


T 


T 


B 
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submitted  by  the  psychological  examiners.  One  year  later  an  officer  of 
this  regiment  reported  that,  in  the  opinion  of  the  officers  of  the  regiment, 
its  efficiency  had  been  increased  100  per  cent. 

In  replacement  units  interesting  experiments  in  training  are  in  pro- 
gress.    Often  the  A  and  B  recruits  are  placed  in  one  group,  the  C+, 
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C,  and  C^  men  in  another  group,  and  the  Dand  D—  men  in  a  third 
group.  By  such  classification,  it  has  been  found  possible  to  secure 
greater  speed  in  training.  EQgh-grade  men  are  not  delayed  by  the  inapt, 
and  low-grade  recruits  are  given  specially  qualified  instructors,  special 
fonns  of  drill,  and  various  kinds  of  individual  attention.  Thus  all 
recruits  progress  as  rapidly  as  their  individual  ability  permits. 

The  proportion  of  A  grades  in  the  schools  shown  in  Fig.  13  varied 
from  16.6  to  62.4  per  cent. ;  the  proportion  of  A  and  B  grades  combined 
from  48.9  to  93.6  per  cent.;  and  the  proportion  below  C+  from  0  to  17.9 
per  cent. 

Fig.  14  shows  the  per  cent,  of  enlisted  men  grading  A  or  B  in  various 
arms  of  the  34th  division.  Different  arms  of  the  service  do  not  require 
the  same  mental  strength.  Experience  shows  that  few  men  of  D  or  D  — 
grade  can  be  safely  used  in  field  artillery,  machine-gun  battalions,  or 
field  signal  battalions. 

The  proportion  of  A  grades,  in  various  oflScer  groups,  as  shown  in 
Fig.  15,  varies  from  8  to  79  per  cent. ;  the  proportion  of  A  and  B  grades 
combined,  from  52  to  96  per  cent. ;  and  the  propo^ion  below  B,  from  4  to 
48  per  cent.    Note  the  remarkably  high  ratings  of  engineer  officers. 

In  Fig.  I69  the  bar  shows  range  of  middle  50  per  cent.  The  vertical 
cross  bar  shows  position  of  median.  The  figure  is  based  on  data  for 
approximately  36,500  men.  Numbers  at  extreme  left  are  key  numbers  of 
occupations.  Data  are  taken  from  soldiers'  qualification  cards.  These 
data,  although  inadequate  for  practical  purposes  and  relating  to  the 
army  alone,  suggest  the  possibility  of  securing  intelligence  specifications 
for  important  groups  of  occupations. 
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Manganese  Bronze* 

BT  P.    B.   MCKINNEY,t   WASHINGTON,    D.    C. 
(New  York  Meeting,  February,  1919) 

Developments  in  engineering  during  the  past  decade^.particularly  as 
applied  to  marine  construction,  mining  machinery  and  other  purposes 
in  which  corrosion  offers  a  serious  problem,  have  created  a  large  demand 
for  a  non-ferrous  metal  highly  resistant  to  corrosion  and  at  the  same  time 
useful  in  general  construction  work  as  a  substitute  for  steel  without  ma- 
terially decreasing  the  factor  of  safety  or  increasing  the  weight  of  the 
various  parts  over  that  ordinarily  used  in  the  case  of  mild  steel. 

To  obtain  the  combination  of  desired  properties  many  compositions 
have  been  proposed  and  used  with  excellent  success,  but  at  the  present 
time  probably  the  most  popular  and  most  widely  i^sed  combination  is  the 
non-ferrous  alloy  commonly  called  manganese  bronze.  This  is  nothing 
more  than  a  high  brass  to  which  have  been  added,  by  the  proper  method 
of  alloying,  comparatively  small  percentages  of  aluminum,  iron,  or 
manganese  with  the  definite  purpose  in  view  of  strengthening  the 
alloy  and  rendering  it  more  dense  and  close-grained  than  the  average 
yellow-brass  casting. 

In  the  manufacture  of  manganese  bronze  a  great  deal  has  been  said 
about  the  importance  of  using  only  the  highest  grades  of  raw  material 
and  the  beneficial  or  detrimental  effects,  as  the  case  may  be,  of  various 
impurities,  as  well  as  the  importance  of  adding  the  ingredients  according 
to  various  formulas  proposed;  but  in  most  of  these  cases  the  literature  on 
the  subject  has  dealt  principally  with  the  manufacture  of  this  alloy  from 
virgin  metals  and  raw  materials  of  the  highest  purity.  It  is  the  purpose 
of  this  paper  to  deal  particularly  with  the  possibilities  that  lie  in  the 
proper  development  of  methods  for  manufacturing  such  an  alloy  by  more 
economical  methods  than  those  which  have  usually  been  discussed  in 
other  literature  on  the  subject.  Shortages  have  recently  existed  in  raw 
materials  needed  for  many  products  entering  into  the  various  branches 
of  engineering  work,  particularly  the  non-ferrous  metals,  and  during  the 
next  few  years  of  reconstruction  the  country  will  be  flooded  with  many 
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byproducts  and  much  scrap  resulting  from  the  extensive  operations 
carried  on  during  the  period  of  the  war,  during  which  time  scrap  and 
byproducts  could  not  be  handled  in  sufficient  volume  to  effect  rapid 
production.  These  facts  constitute  conditions  that  make  a  project 
looking  toward  the  efficient  utilization  of  such  materials  well  worth  while. 
When  manufacturing  manganese  bronze  or  similar  alloys  from  raw 
materials  there  is  intentionally  added  a  percentage  of  iron,  which  is 
generally  conceded  to  be  one  of  the  very  objectionable  impurities  in  non- 
ferrous  scrap,  in  addition  to  which  aluminum  and  manganese  are  added, 
and  sometimes  tin  in  small  quantities,  all  of  which  if  present  in  the  virgin 
metals  ordinarily  used  in  nonferrous  foundry  practice  would  be  con- 
sidered detrimental  impurities.  The  composition  of  the  average  man- 
ganese bronze  is  as  follows: 

PkbCknt. 

Copper 57.00  to  69.00 

Zinc 38.00  to  40.00 

Iron,  manganese,  aluminum,  tin 0. 25  to    1 .00 

Lead 0.10  to    0.50 

which  composition  shows  rather  clearly  that  there  is  no  necessity  for 
the  use  of  high-grade  raw  materials,  provided  methods  of  manufacture 
can  be  devised  to  produce  the  proper  refinement  of  the  finished  product, 
as  the  ordinary  impurities  encountered  in  non-ferrous  materials  offer 
no  serious  obstacles  when  the  same  elements  must  be  added  in  con- 
siderable percentages  to  effect  the  desired  composition. 

In  the  manufacture  of  manganese  bronze  it  has  been  found  possible 
to  utilize  what  would  ordinarily  be  termed  material  of  very  low  grade, 
such  as  skimmings  from  the  foundry,  particularly  skimmings  and  dross 
ordinarily  recovered  from  brass  rolling  mills  or  cartridge-case  plants, 
zinc  dross  recovered  from  galvanizing  plants,  aluminum  turnings  that  are 
ordinarily  unrecoverable  without  serious  loss  and  deterioration  of  the 
product  due  to  oxidation,  etc.,  and  other  b3rproducts  and  scrap  metals 
that  ordinarily  are  not  usable  as  remelting  scrap  in  foundry  practice. 
The  manufacture  of  high-grade  manganese  bronze  from  materials  of  this 
class,  however,  cannot  be  attempted  in  crucible  furnaces,  or  practiced 
only  on  a  comparatively  small  scale,  as  there  is  required  a  reverberatory 
or  other  furnace  in  which  it  is  possible  to  accumulate  a  bath  of  consider- 
able volume  and  in  which  the  charge  of  metal  can  be  worked  in  the  same 
manner  as  in  other  refining  processes  producing  on  a  large  scale  in  open- 
fiame  furnaces.  The  idea  is  to  so  compound  the  various  materials 
available  as  to  cause  one  to  react  with  the  other  to  the  mutual  benefit 
of  all  the  ingredients  going  into  the  charge. 

A  typical  charge  for  operating  a  reverberatory  furnace  in  the  manu- 
facture of  manganese  bronze  is  as  follows: 
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Pouiros 

Yellow-bra88  machine-6liop  turnings 1250 

Zinc  dross  from  galvanizing  plant 400 

Aluminum  turnings 30 

Recovered  scrap  sine 400 

Dross  and  skimmings  from  billet  and  slab  plant 2000 

Foimdry-floor  scrap  and  skimmings 650 

Hardener  made  by  melting  scrap  copper  and  manganese  in  eqxial 

proportions 260 

Charcoal 76 

Common  salt 80 

With  a  knowledge  of  the  general  chemical  composition  of  each  in- 
gredient going  into  the  charge  it  is  easy  to  produce  a  manganese  bronze 
that  will  have  the  desired  composition  and  will  require  no  other  treat- 
ment than,  possibly,  the  addition  of  a  little  zinc  when  remelting  for 
casting  purposes. 

When  handling  a  charge  such  as  that  just  shown,  advantage  is  taken 
of  impurities,  such  as  the  iron  existing  in  the  zinc  dross,  the  small  per- 
centages of  tin  in  the  machin&-shop  turnings,  etc.,  in  figuring  the  final 
desired  analysis  of  the  alloy.  It  is  a  well-known  fact  that  such  materials 
as  zinc  dross  and  foundry  skimmings,  both  of  which  are  full  of  dirt  and 
oxides,  cannot  be  recovered  in  a  usable  condition  when  melted  separately 
in  crucibles  or  by  any  of  the  ordinary  methods  of  melting  material, 
without  an  excessive  loss  due  to  volatilization.  But  when  the  well- 
known  reactions  occurring  in  the  manufacture  of  old-fashioned  calamine 
brass  are  taken  into  consideration,  it  can  be  seen  how  the  combination 
of  zinc  dross,  brass  skimmings,  and  other  highly  oxidized  materials 
melted  in  contact  with  charcoal  wUl  produce  an  alloy  about  as  well 
deoxidized  as  the  average  high-zinc  brass.  Contact,  while  in  a  molten  or 
semi-molten  state,  of  metallic  copper  and  partly  oxidized  zinc  in  the 
presence  of  charcoal  develops  a  condition  extremely  conducive  to  a 
thorough  deoxidation  and  alloying  of  all  the  metallic  ingredients.  This 
reaction,  together  with  the  well-known  deoxidizing  effects  of  aluminum, 
manganese  and  iron,  which  are  part  of  the  charge,  contributes  to  the 
production  of  thoroughly  deoxidized  and  dense  material.  Salt  is  used 
as  a  flux  on  accoimt  of  its  excellent  properties  for  gathering  and  fluxing 
off  the  dirt  from  the  charge,  the  oxides  of  iron,  manganese,  etc.,  and  the 
reduction  of  any  copper  oxides  passing  from  the  bath  into  the  slag. 

In  charging  the  furnace,  it  is  the  usual  practice  to  place  the  man- 
ganese hardener  in  the  bottom  of  the  furnace  and  on  top  of  it  place  the 
cartridge-case  dross  and  zinc  dross  with  a  layer  of  pharcoal,  after  which 
the  foundry  skimmings  and  turnings  are  added  and  the  charge  is  melted, 
with  occasional  rabbling  to  clear  the  metal  and  bring  all  the  ingredients 
into  intimate  contact.  When  the  bath  is  melted,  the  aluminum  scrap 
is  added  and  the  necessary  zinc  additions  are  made,  after  which  the  charge 
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is  allowed  to  cool  slightly  in  the  furnace  and  is  poured  into  ingots  for 
remelting  purposes,  after  analysis  has  been  made  to  determine  the  ne- 
cessity of  adding  zinc  or  otherwise  correcting  the  composition  by  the 
mixture  of  several  heats  in  order  to  obtain  the  desired  composition. 

The  foregoing  process  carried  out  by  a  skilled  melter  will  produce 
an  alloy  that  is  absolutely  sound  and  homogeneous  and  capable  of  being 
cast  in  ordinary  foundry  practice  in  the  same  manner  as  any  of  the  so- 
called  high  grades  of  manganese  bronze,  and  will  produce  most  excellent 
physical  properties  in  the  finished  casting. 

As  instances  of  what  can  be  obtained,  the  following  results  of  tests 
are  given.  These  tests  were  made  on  castings  produced  by  the  method 
described  from  initial  charges  of  raw  material  practically  identical  with 
the  typical  charge  given. 


Table  1. — Analyses  of  Ingots  as  Poured  from  Reverberatory  Ftamace 


Copper, 
Per  Cent. 

Zinc, 
Per  Cent. 

Tin. 
Per  Cent. 

Lead, 
Per  Cent. 

Iron, 
Per  Cent. 

Aluminum, 
Per  Cent. 

Maniancae, 
Percent. 

Heat  A 

HeatB.... 

67.95 
57.18 

39.08 

?9.54 

0.36 
0.51 

• 

0.42         0.83 
0.34     1     1.04 

0.69             0.77 
0.48      ,      0.91 

Table  2.- 

-Physical   Values   Obtained   on  Sand   Castings  Poured  from 
Remelt  of  Ingots  vdthovi  Additions 

Tensile  Strength, 
Lb.  per  Sq.  in. 

Yield  Point, 
Lb.  per  Sq.  In. 

ElonsAtion, 
Percent. 

Heat  A 

67,700 
72.100 

46,300 
60,400 

22.1 

Heat  B 

21  0 

Table  3. — Physical  Tests  of  Sand  Castings  Made  from  Manganese  Bronze 

Produced  by  Process  Described 


Tensile  Strensth, 
Lb.  per  Sq.  In. 


67,300 


Yield  Point,  Lb.  per  Sq.  In.      I 


46,800 


Elongation,  Per  Cent. 


29.9 


66,400 

37,400 

30.9 

67,700 

41,200 

24.6 

72,200 

34,100 

24.6 

67,900 

33,900 

28.1 

72,600 

36,700 

23.4 

In  addition  to  the  excellent  properties  shown  in  the  tensile  tests,  the 
material  corresponds  in  every  other  physical  respect  to  so-called  Up- 
grade manganese  bronze  produced  from  virgin  metals,  has  a  fine  uniform 
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fracture  with  a  tendency  to  silky  grain  in  matiy  cases  and  shows  toughness 
and  resiliency  equal  to  any  other  grades  of  manganese  bronze  examined. 

Some  objections  may  be  raised  to  the  use  of  byproducts  and  scrap 
material  in  the  manufacture  of  manganese  bronze  because  the  lead  con- 
tent of  some  of  these  byproducts  is  quite  high  and  will  introduce  into  the 
alloy  quantities  of  lead  higher  than  are  desired.  It  is  believed,  however, 
that  the  results  of  tests  made  from  time  to  time  on  manganese  bronze, 
containing  in  some  cases  a  considerable  percentage  of  lead,  have  shown 
conclusively  that  lead  within  reasonable  limits  is  not  detrimental.  No 
concrete  cases  have  as  yet  been  cited  in  which,  other  things  being  equal, 
lead  under  0.75  per  cent,  has  shown  seriously  detrimental  effects  on  the 
alloy.  All  the  samples  on  which  physical  tests  are  given  contained  per- 
centages of  lead  ranging  from  0.25  to  0.60  per  cent.,  yet  none  of  them 
show  in  the  test  results  any  detrimental  effects  due  to  the  presence  of 
this  so-called  impurity.  It  is  believed  that  the  tolerance  of  a  slightly 
higher  content  of  lead  in  specifications  for  manganese  bronze  would,  in 
general,  serve  admirably  as  a  conservation  measure  for  high-grade  virgin 
material  and  offer  excellent  opportunities  for  the  utilization  of  many 
metallurgical  byproducts  that  at  the  present  time  constitute  practically 
useless  material. 

The  results  obtained  after  about  3  years  of  operation  under  the  proc- 
ess described  have  shown  rather  conclusively  that  the  alloy  commonly 
known  as  manganese  bronze  can  be  produced  without  resorting  to  the 
use  of  high-grade  virgin  materials  with  the  addition  of  what  would 
ordinarily  be  termed  detrimental  impurities,  by  the  simple  application 
of  some  of  the  well-known  laws  of  metallurgy. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ahould  pnferably  be  pnMnted  in  pcnon  at  the 
New  York  Meeting,  February,  1019,  when  an  abttraot  of  the  paper  will  be  read.  If  this  ia  impoeeible, 
then  dteoueeion  in  writins  m»y  be  tent  to  the  Editor,  Amerioan  Inatitute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unlea  speeiai  arrangement  is  made,  the  diseussion  of  this  paper  will  elose  Apr.  1, 1919.  Any  disoussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Metals  and  Alloys  from  a  Colloid-chemical  Viewpoint 

BT  JEBOME   ALEXANDER,*  M.   SC,    NEW   YORK,    N.    Y. 
(New  York  Meeting,  February.  1919) 

It  is  an  outstanding  fact  of  Nature  that  many  of  the  practical 
properties  of  substances  are  dependenti  not  on  their  ultimate  chemical 
composition,  but  on  the  kind  and  degree  of  aggregation  of  their  constit- 
uent particles.  Thus,  a  granite  boulder  is  unmoved  by  wind  or  water, 
but  if  reduced  to  a  fine  dust  it  will  be  blown  about  by  the  wind  and 
washed  away  by  the  rain.  Carbon  in  one  crystalline  state  of  aggregation 
(diamond)  is  the  hardest  known  substance,  whereas  in  another  crystalline 
state  (graphite)  it  is  so  soft  that  it  is  used  as  a  lubricant.  La3dng  too 
much  stress  on  the  mere  chemical  analysis  of  substances  is  apt  to 
obscure  the  fact  that  the  nature  of  the  aggregation  of  their  particles  is 
always  a  factor  of  importance,  and  sometimes  the  most  important  factor. 

Colloid  chemistry  deals  with  matter  in  a  very  fine  state  of  sub- 
division; its  sphere  begins  with  particles  just  a  little  smaller  than  a  wave 
length  of  light  and  extends  down  until  they  blend  into  molecular  dimen- 
sions. With  particles  of  this  size,  such  phenomena  as  surface  tension 
and  adsorption,  which  depend  on  the  development  of  free  surface,  become 
enormously  magnified.  Thus  a  cube  of  1  cm.  edge  has  a  surface  of 
only  6  sq.  cm.;  but  if  it  is  reduced  to  colloidal  dimensions  by  being 
cut  up  into  cubes  each  having  an  edge  of  0.01  /x  (0.00001  mm.),  it  will 
yield  one  million,  million,  million  (1,000,000,000,000,000,000)  such 
cubes,  having  a  combined  area  of  600  sq.  m.,  or  21,274  sq.  ft.  The  tiny 
force  with  which  a  drop  of  rain  clings  to  the  window  pane  becomes  a 
factor  to  be  reckoned  with,  if  the  surface  involved  is  increased  millions 
of  tim^. 

From  the  colloid-chemical  viewpoint,  metals^  and  alloys  may  be 
r^arded  as  jellies  or  sponge-like  structures,  the  viscosity  or  stiffness 
of  which  at  ordinary  temperatures  is  exceedingly  great;  and  like  all 
jellies  their  properties  are  dependent  on  the  composition  and  degree  of 
dispersion  of  their  constituent  phases.  These,  in  turn,  depend  on 
chemical  composition,  mutual  solubility,  speed  of  chilling,  subsequent 
mechanical  and  heat  treatment,  etc     In  fact,  in  preparing  metals  and 

*  Treasurer,  National  Gum  &  Mica  Co.;  Chairman,  Special  Committee  on  Col- 
loids, Div.  Cham,  and  Chem.  Tech.,  National  Research  Council. 
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alloys  for  practical  use^  we  remove  undesirable  constituents  fas  in  the 
conversion  of  pig  iron  into  steel),  add  desirable  constituents  (as  in 
case-hardening  or  making  alloy  steels);  or  control  the  composition  or 
particle  size  of  the  phases  by  chilling,  rolling,  or  tempering. 

It  is  a  matter  of  importance  which  is  the  dispersed  phase  and  which 
is  the  dispersing  phase.  For  example,  cream  is  an  emulsion  or  dis- 
persion of  fat  in  water  and  wets  paper,  whereas  butter  is  a  dispersion 
of  water  in  fat  and  greases  paper.  While  I  have  not  yet  examined  the 
experimental  facts  in  the  case  of  metals,  it  seems  probable  that  the  relative 
surface  tensions  of  the  phases  toward  each  other  are  important  factors 
in  determining  the  constitution  of  the  matrix  or  dispersion  medium, 
and  in  determining  which  substances  shall  constitute  the  dispersed  phases. 
Substances  that  lower  surface  tension  tend  to  collect  at  the  interfaces 
and  produce  in  the  matrix,  as  well  as  in  the  dispersed  phases,  a  fine 
degree  of  subdivision.  Thus,  according  to  Putz,  the  predominant  effect 
of  vanadium  in  steel  is  to  decrease  the  size  of  the  ferrite  grains  and  make 
the  material  harder;  it  renders  the  ordinary  structure  due  to  pearlite 
fine-grained  and  homogeneous. 

I  believe  that  the  application  of  the  ultramicroscope  to  the  study  of 
the  minute  structure  of  metals  will  reveal  much  that  is  of  interest. 
The  great  difliculty  is  in  preparing  sections  of  sufficient  tenuity  for 
examination.  One  means  of  preparing  such  thin  metallic  films  was 
devised  by  Faraday,  who  floated  gold  leaf  upon  dilute  cyanide  solutions; 
and  an  intimation  of  what  results  may  be  obtained  was  given  by  Sir 
George  Beilby  in  his  Hurter  Memorial  Lecture  entitled  The  Surface 
Structure  of  Solids.^ 

Colloids  exert  a  powerful  influence  on  crystallization.  Thus  plaster 
of  Paris  crystallized  from  pure  water  shows  characteristic  long  inter- 
lacing crystals.  The  addition  to  the  water  of  even  0.01  per  cent,  of 
gelatine  delays  the  set  and  practically  inhibits  the  crystallization,  there 
being  formed  instead  spherocrystals.  With  the  addition  of  0.5  per  cent, 
of  gelatine,  the  time  of  set  was  increased  from  40  min.  to  960  min.  Most 
metals  have  inherently  a  powerful  tendency  to  crystallize,  which  in 
many  cases  is  strongly  inhibited  by  various  substances  present  in  the 
melt;  and  since  even  small  quantities  may  produce  the  result,  it  is  obvious 
that  they  are  in  a  very  finely  dispersed  state,  and  in  many  cases,  probably 
colloidal. 

The  change  in  dispersion  of  a  substance  with  vajying  chemical 
composition  of  the  dispersion  medium  may  be  illustrated  by  an  experi- 
ment with  ordinary  soap,  which  dissolves  in  alcohol  into  a  clear  crystal- 
loidally  dispersed  solution;  even  in  the  ultramicroscope  no  particles 
are  visible.     In  water,  however,  soap  forms  a  cloudy  colloidal  solution; 


^JfU,  Soc.  Chem.  Ind.  (1903)  2a,  1166. 
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and  if  sufficient  water  is  added  to  the  alcoholic  solution,  a  turbidity 

at  once  becomes  manifest.     If  water  is  added  to  the  slide  under  the 

ultramicroscope,  the  alcoholic  solution  literally  explo.des  into  millions 

of  actively   moving   ultramicrons   of    colloidal    dimensions.    Another 

strong  analogy  to  metals  is  exhibited  by  transparent  soap.    When  quickly 

chilled,  it  shows  very  small  ultramicrons,  whereas  when  slowly  cooled 

the  ultramicrons  are  much  larger  and  may  make  the  soap  cloudy.     Still 

another  analogy  is  found  in  gold  ruby  glass.     When  quickly  cooled, 

this  is  colorless  and  shows  no  ultramicrons;  but  when  reheated,  the 

invisible  nuclei  of  metallic  gold  grow  into  visibility  in  the  ultramicroscope 

and  the  glass  develops  a  color.     If  the  colorless  glass  has  been  formed 

under  conditions  insuring  the  formation  of  a  very  large  number  of  nuclei, 

the  glass  when  reheated  develops  a  large  number  of  small  ultramicrons, 

and  the  color  is  a  rich  ruby  red.     If  the  initial  chilling  has  been  too 

slow,  the  nuclei  are  too  few  and  too  large,  and  when  the  glass  is 

reheated  there  are  formed  a  relatively  small  number  of  large  masses  of 

metallic  gold,  which  give  the  glass  a  violet  or  dirty  blue  color.     In  such 

spoiled  ruby  glass,  the  aggregations  of  gold  may  grow  until  they  are 

visible  to  the  naked  eye. 

From  what  has  just  been  said  we  can  easily  understand  that  when 
metals  are  heated  so  as  to  reduce  their  viscosity  sufficiently,  their  par- 
ticles move  to  establish  the  tendencies  toward  aggregation  that  were 
arrested  by  the  high  viscosity  consequent  upon  solidification.  This 
accounts  for  most  of  the  phenomena  consequent  upon  tempering  or 
annealing.  Even  at  ordinary  temperatures  gold  and  lead  diffuse  into 
each  other,  but  the  motion  of  their  particles  is  so  slow  that  it  is  quite 
invisible  in  the  microscope  and  can  be  determined  only  after  a  long 
lapse  of  time.  In  fact,  a  cork,  if  given  sufficient  time,  will  gradually 
float  to  the  top  of  a  barrel  of  tar  or  asphalt. 

Finally  we  might  mention  the  diffusion  of  gases  into  and  through 
metals.  The  adsorption  of  gas  is  primarily  a  surface  phenomenon. 
Particles  within  the  mass  of  a  phase  are  on  all  sides  surrounded  by 
particles  of  the  same  kind.  Particles  at  the  surface,  however,  have  one 
side  in  contact  with  a  different  phase.  The  free  surface  or  interface 
may  thus  become  the  seat  of  a  residual  attraction  or  surface  affinity. 
This  is  exhibited  by  freshly  cleaved  sheets  of  mica,  which  adhere  if 
promptly  put  together,  but  in  a  few  moments  this  property  is  lost 
owing  to  the  adsorption  of  atmospheric  gases.  If  there,  is  a  dimi- 
nution of  attraction  at  an  interface,  fracture  will  preferentially 
follow  such  interface,  as  is  evident  in  coarsely  crystalline  metals,  for 
example. 

In  the  case  of  finely  dispersed  metallic  systems,  with  enormous  free 
interfaces,  the  adsorption  of  gas  may  weaken  the  attraction  between 
the  particles  and  render  the  metal  brittle.    In  the  case  of  gases  with 
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actively  moving  particles,  the  metal  may  be  actually  penetrated  by 
the  gas,  as  those  who  have  to  handle  hydrogen  know  to  their  sorrow. 

In  conclusion,  I  must  emphasize  the  fact  that  in  Nature  all  transitioDs 
are  gradual.  Ordinary  coarse  suspensions  pass  imperceptibly  into 
and  through  the  colloidal  zone  to  actual  crystalloidal  subdivision, 
or  so-called  'Hrue  solution."  Sols  pass  so  gradually  into  gels  that 
we  cannot  point  out  the  exact  spot  where  one  ends  and  the  other 
begins;  and  there  is  no  sharp  line  of  demarcation  between  physics  and 
chemistry,  which  are  connected  by  a  twilight  zone  of  colloidal  phenomena 
partaking  of  the  nature  of  both. 
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Shimer  Case-hardening  Process 

BT  JOSEPH  W.   RICHARDS/  SO.  BETHLEHEM,   PA. 
(New  York  Meeting.  February.  1919) 

There  are  two  essentially  different  types  of  case-hardening  processes; 
that  using  a  dry  mixture  in  which  the  object  to  be  case-hardened  is 
packed  and  kept  for  the  necessary  time  at  the  necessary  temperature,  and 
the  "liquid"  process,  employing  a  bath  of  fused  salts  into  which  the 
object  is  immersed  and  which  by  immediate  contact  case-hardens 
the  surface  of  the  article.  The  Shimer  process  belongs  to  the  second 
class,  and  was  a  war  emergency  invention. 

Of  the  liquid  melts  used  as  baths,  the  most  effective  and  most  fre- 
quently used  are  melted  potassium  cyanide  and  melted  sodium  cyanide. 
These  may  be  used  either  pure  or  mixed  with  salts  that  reduce  the 
melting  point  and  the  percentage  of  cyanide  present.  The  use  of  these 
baths  since  1914  has  met  many  commercial  difficulties  because  of  the 
high  price  and  frequent  commercial  scarcity  of  the  cyanide  salts;  at 
present  sodium  cyanide  has  practically  entirely  displaced  potassium 
cyanide.  Another  trouble  is  the  danger  to  the  workmen  handling  the 
cyanide  salts,  which  are  extremely  poisonous,  and  the  annoying  and 
poisonous  vapors  or  gases  given  off  in  the  workshop,  unless  an  effective 
system  of  hoods  and  ventilation  is  provided,  so  as  to  prevent  the  gases 
from  the  baths  mixing  with  the  air  of  the  room. 

Porter  W.  Shimer,  of  Easton,  Pa.,  has  invented  a  substitute^  for 
the  bath  of  melted  cyanides  which  case-hardens  with  equal  or  greater 
facility  and  effectiveness,  gives  off  no  poisonous  vapors,  and  costs  for 
chemicsds  materially  less  than  the  cyanide  costs  in  the  previously  used 
baths.  The  proc'ess  has  been  in  use  over  a  year  in  a  large  American 
works  and  the  following  statement  embodies  the  results  of  practical 
experience  in  the  use  and  operation  of  the  process. 

The  Shimer  liquid  or  melted  bath  consists  of  a  mixture  of  easily 
fusible  salts  that  do  not  possess  case-hardening  properties,  into  which 
is  immersed  fresh  calcium  cyanamide,  which  imparts  to  the  bath  case- 
hardening  properties.  The  composition  of  the  non-case-hardening  salts 
appears  rather  immaterial.  Good  results  have  been  obtained  by  using 
a  mixture  of  sodium  chloride,  calcium  chloride,  and  barium  chloride  in 
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equal  proportions  by  weight;  also  a  mixture  of  one  part  sodium  chloride 
to  one  part  calcium  chloride.  Potassium  chloride  can  replace  the 
sodium  chloride  where  the  question  of  cost  is  not  materiali  producing  a 
very  liquid  bath  when  equal  chemical  parts  of  the  two  salts  are  used; 
that  is,  58.5  parts  of  sodium  chloride  to  75.5  parts  of  potassium  chloride. 
Alkaline  carbonates  or  alkaline  hydroxides  have  also  been  added  to  the 
bath  material  with  advantage  in  some  special  cases. 

The  mixture  of  non-case-hardening  salts  is  melted  in  an  iron  or  steel 
pot  suitable  for  case-hardening  operations,  and  the  calcium  cyanamide 
is  brought  into  contact  with  it,  which  may  be  accomplished  in  several 
ways.  One  very  eflfective  method  is  to  place  small  lumps  of  the  cyan- 
amide  in  an  iron  basket,  which  is  sunk  to  the  bottom  of  the  case-hardening 
pot.  A  lively  evolution  of  gas  soon  takes  place,  the  exact  composition  of 
which  has  not  yet  been  fully  determined.  The  bath  quickly  acquires 
case-hardening  properties,  which  last  as  long  as  the  evolution  of  gas 
continues.  What  the  exact  chemical  reaction  of  the  cyanamide  upon 
the  non-case-hardening  salts  is,  to  produce  a  melt  that  has  excellent 
case-hardening  properties,  has  not  yet  been  detennined;  it  would  need 
thorough  and  arduous  chemical  investigation  to  precisely  illuminate  the 
rationale  of  the  operation.  The  fact  remains,  however,  that  contact  of 
the  cyanamide  with  the  other  salts  imparts  to  the  liquid  bath  active  case- 
hardening  properties. 

The  active  evolution  of  gas  is  a  valuable  feature  of  the  process;  it 
keeps  the  bath  in  circulation  and  thereby  equalizes  its  temperature,  it 
accelerates  the  heating  and  case-hardening  of  objects  immersed  in  the 
bath,  and  finaUy  it  is  an  important  indication  to  the  workman  that  the 
bath  is  in  working  order,  with  active  case-hardening  properties. 

In  practice,  the  calcium  cyanamide  is  immersed  in  the  bath  of  melted 
salts  and  as  soon  as  a  lively  evolution  of  gas  is  shown,  the  dipping  in  d 
articles  and  their  case-hardening  can  be  proceeded  with.  If  the  evolu- 
tion of  gas  becomes  too  active,  the  cyanamide  may  be  removed  and  case- 
hardening  can  be  proceeded  with  for  some  time  after  this  removal. 
When  the  case-hardening  power  of  the  bath  decreases,  the  cyanamide  may 
be  re-immersed  and  the  operation  continued  as  before.  If  the  cyanamide 
is  in  large  fresh  pieces  and  the  evolution  of  gas  is  not  too  violent,  the 
cyanamide  inay  be  left  permanently  in  the  bath  until  it  has  lost  its  power 
of  imparting  case-hardening  properties  to  the  melt,  as  is  shown  by  the 
diminution  of  the  evolution  of  gas.  On  removing  this  apparently 
exhausted  material,  the  larger  pieces  may  be  broken,  thus  exposing  fresh 
surfaces,  and  the  material  will  be  found  to  still  retain  active  properties 
when  re-incunersed  in  the  bath. 

It  has  been  found  that  the  cyanamide  is  best  used  in  lumps  varying 
from  the  size  of  a  walnut  to  the  size  of  an  egg.  It  should  be  in  the  fresh 
conditi<:)n  as  it  is  taken  from  the  furnaoe;  that  is>  it  should  be  kept  hermet- 
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icftlly  sealed  until  used.  If  fine  powder  is  put  into  the  bath,  it  is  difficult 
to  keep  the  powder  immersed,  and  the  frothing  is  voluminous  and  trouble- 
some. If  the  cyanamide  has  been  exposed  to  air,  absorbing  moisture  and 
becoming  oxidized,  it  causes  violent  frothing  when  immersed  in  the  bath, 
which  continues  an  inconveniently  long  time.  If  only  such  cyanamide  is 
available,  it  may  be  mixed  with  pulverized  hard  pitch  or  with  tar,  and 
the  mass  coked  at  a  red  heat;  this  eliminates  absorbed  moisture  and 
changes  the  structure  from  powder  to  a  porous  coke.  Such  porous  coke 
is  then  used  in  the  melted  salts  in  exactly  the  way  that  has  been  described 
for  solid  lumps  of  fresh  calcium  cyanamide.  Arrangements  have  been 
made  with  the  manufacturers  of  calcium  cyanamide  to  select  high-grade 
cyanamide  for  the  purposes  of  this  process,  and  to  transfer  it  directly 
from  the  furnace  in  lumps  of  desired  size  to  air-tight  containers,  so  that 
its  use  in  the  process  will  always  be  at  a  maximum  efficiency. 

The  quantity  of  cyanamide  immersed  may  vary  according  to  the  size 
d  the  bath  and  the  shape,  size,  and  character  of  the  articles  to  be  case- 
hardened.  A  bath  may  have  inunersed  in  it  5  per  cent,  of  its  weight 
of  the  fresh  calcium  cyanamide,  or  a  corresponding  quantity  of  the 
cyanamide  coke,  for  ordinary  work. 

Upon  removal  from  the  bath,  the  case-hardened  articles  are  quenched 
in  a  suitable  cooling  hquid  as  in  ordinary  case-hardening  practice. 

A  careful  estimate  of  the  relative  cost  of  running  with  the  sodium 
cyanide  at  normal  market  prices  and  specially  selected  calciimi  cyana- 
mide as  described,  extending  over  more  than  a  month's  work  in  a 
large  plant,  shows  the  cost  of  the  bath  material  to  be  materially  less 
when  using  calcium  cyanamide  than  when  using  sodiun^  cyanide,  with 
the  C8se-hardening  done  in  an  equally  satisfactory  manner,  and  with 
much  more  comfortable  and  healthful  conditions  to  the  workmen. 

The  question  of  the  scientific  basis  of  the  process  is  being  investigated 
by  the  inventor,  and  may  form  the  subject  for  further  communication  to 
the  Institute. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
New  York  Meeting  February,  1919,  when  an  abstraet  oHhe  paper  wiU  be  read.  If  this  is  impossible, 
then  diseossion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
9Hh  btreetj  New  York,  N.  z .,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
UnlMB  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1919.  Any  discussion 
offartd  thereafter  should  pr^oably  be  in  the  form  of  a  new  paper. 


Prevention  of  Illness  Among  Employees  in  Minds 

BY  A.   /.   LANZA,*  M.  D.,   WASmNOTON,   D.   O. 
(New  York  Meeting.  February,  1919) 

The  prevention  of  illness  among  the  employees  of  the  mining  industry 
18  especially  important  in  view  of  the  importance  of  the  industry,  the 
unsettled  conditions  of  labor,  which  emphasize  the  economic  necessity 
for  conservation  of  labor,  and  for  humanitarian  reasons.  The  burden 
of  chronic  illness  is  altogether  unwarranted  and  unnecessary.  If  the 
industry  is  to  maintain  its  labor  supply  in  an  efficient  manner  and  keep 
the  standard  high,  it  is  essential  that  it  make  every  effort  to  keep  its 
labor  in  good  physical  condition. 

The  basic  principles  underl3ring  health  conservation  are  the  same  for 
any  industry,  but  they  are  here  applied  especially  to  the  mining  industry, 
and  more  particularly,  perhaps,  to  metal  mining,  as  it  is  with  this  phase 
of  the  industry  that  the  writer  is  most  familiar,  and  as  it  is  conceded  that 
metal  mining  presents  more  health  hazards  than  coal  mining. 

The  first  step  in  the  prevention  of  illness  lies  in  securing  employees 
who  are  in  sound  health  and  free  from  organic  disease.  I  do  not  mean 
that  all  men  who  go  underground  should  be  physically  perfect,  but  they 
should  be  free  from  organic  defects  of  the  heart,  lungs,  and  other  organs, 
or  from  anatomical  defects  that  would  markedly  increase  their  liability 
to  accident.  The  number  of  men  working  underground  in  mines  in 
this  country  whose  physical  condition  totally  unfits  them  for  such 
irork  presents  a  situation  that  should  not  be  allowed  to  continue,  and 
which  I  believe  is  not  equalled  in  any  other  industry  in  the  country. 
There  is  but  one  way  to  secure  men  who  come  up  to  the  required  standard, 
and  that  is  by  a  thorough  physical  examination  before  employment.  I 
am  fully  aware  of  the  objections  felt  toward  such  a  procedure  by  many 
employers  and  employees.  There  is  much  to  be  said  on  both  sides,  but 
to  any  one  who  is  at  all  familiar  with  the  mining  industry  as  it  is  today 
in  this  country,  and  who  approaches  the  matter  with  an  unbiased  mind, 
there  can  be  absolutely  no  doubt  as  to  the  necessity  for  physical  examina- 
tion. As  a  purely  logical  proposition  this  is  self-evident,  but  there  re- 
mains the  further  necessity  of  placing  physical  examinations  on  such  a 

^  U.  S.  Public  Health  Service.     Chief,  Division  Industrial  Hygiene  and  Medicine, 
Woridng  Conditions  Service,  Dept.  of  Labor. 
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basis  that  they  can  be  administered  in  a  just  and  equitable  manner  free 
from  the  abuses  and  suspicions  to  which  they  have  been  subject  in  the 
past. 

The  best  way  of  administering  physical  examinations  in  the  mining 
industry  would  be  to  have  them  conducted  by  properly  constituted 
authorities  of  the  various  States.  That  is,  if  John  Jones  wished  to  work 
as. a  miner^  when  he  appeared  at  the  emplo3rment  office  of  the  Smith 
Mining  Co.,  he  would  have  in  his  possession  a  certificate  from  the  State 
authorities  declaring  him  to  be  free  from  organic  or  other  defects  that 
should,  in  the  natural  order  of  events,  bar  him  from  underground  work. 
Such  a  system  would  presuppose  reciprocity  among  the  mining  States 
and  a  basic  standard  of  physical  fitness.  It  would  be  well  within  the 
province  of  the  Federal  Government  to  establish  such  a  standard  for 
adoption  by  the  various  States.  This  arrangement  may  seem  idealistic 
and  impractical,  and  it  is  offered  here  largely  for  the  purpose  of  causing 
reflection  and  argument,  but  at  the  same  time,  unless  the  mining  industry 
can  put  into  effect  a  system  that  will  be  fair  both  to  employer  and  em- 
ployee and  that  will  prevent  obviously  unfit  men  from  working  under- 
ground, it  will  be  almost  useless  to  make  any  other  effort  toward  pre- 
vention of  illness  among  employees.  I  believe  that  the  time  has  come 
for  the  American  Institute  of  Mining  Engineers  to  consider  serioudy 
the  necessity  and  the  means  of  carrying  out  physical  examinations  and 
to  take  a  definite  stand. 

The  second  requisite  for  the  prevention  of  illness  among  employees 
is  the  maintenance  of  working  conditions  underground  on  a  high  plane 
of  sanitation  and  efficiency  so  that  illness  arising  from  working  conditions 
may  be  held  to  a  decent  minimum.    The  greatest  need  in  the  improve- 
ment of  underground  conditions  is  the  elimination  of  dry  drilling  in 
hard-rock  mines.    The  relationship  between  hard-rock  dust  and  miners' 
consumption  has  been  so  clearly  demonstrated  that  it  is  not  subject  to 
argument;  suffice  it  to  say  that  the  efforts  made  in  England  and  in  British 
colonial  possessions  to  deal  with  this  evil  have  shown  the  possibilities  of 
abating  it,  while  in  this  country  little  has  been  attempted.    As  long  as 
dry  drilling  is  permitted  in  hard-rock  mines,  just  so  long  will  we  have  an 
inordinate  amount  of  pulmonary  disease  among  the  miners.    That  this 
has  worked  an  economic  hardship  on  the  industry,  aside  from  its  humani- 
tarian features,  and  that  it  has  been  one  of  the  causes  of  the  better  grades 
of  mine  labor  leaving  the  industry,  is  apparent  to  any  one  familiar  with 
the  conditions,  and  it  is  hard  to  understand  why  the  subject  of  dry  drilling 
has  received  so  little  attention  in  this  country.    Dry-drilling  apparatus 
may  be  as  deadly  as  a  machine  gun,  if  somewhat  slower,  and  its  continued 
use  in  the  mining  industry  is  a  matter  of  reproach.    While  it  may  be  true 
that  the  water  varieties  are  not  as  satisfactory  as  they  might  be,  at  least 
their  improvement  should  receive  serious  consideration.     It  is  incredible 
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that  American  ingenuiiyy  which  has  produced  the  telephone,  the  tele- 
graph, and  the  flying  machine,  should  be  unable  to  cope  with  the  pro- 
duction of  a  water  drill  that  would  largely  make  impossible  miners' 
consumption. 

Conditions  of  ventilation  and  temperature  underground  are  not  what 
they  should  be  and  have  never  received  the  attention  in  metal  mines 
that  they  have  in  coal  mines.  This  is  also  a  matter  of  prime  economic 
importance  because  a  greater  amount  of  work  can  be  done  under  condi- 
tions of  proper  ventilation  and  temperature  than  when  there  is  poor 
ventilation  and  high  temperature.  While  the  latter  may  not  cause 
specific  illness,  certainly  they  lower  the  vitaUty,  lessen  working  ability, 
and  predispose  to  many  illnesses;  if  we  are  to  have  healthy  miners  we  must 
80  arrange  it  that  they  can  work  in  places  properly  ^ventilated  and  not 
excessively  hot.  Mine  ventilation  is  too  complex  a  subject  to  be  con- 
sidered here,  but  the  use  of  small  fans  with  canvas  tubing  seems  to  offer 
a  satisfactory  and  economical  means  of  improving  ventilation. 

Proper  toilet  facilities  underground  are  important  as  a  health  measure 
but  vary  so  much  according  to  the  size  and  locality  of  the  mine  that  they 
need  not  be  gone  into  in  detail  here;  besides,  their  principles  are  well 
understood. 

The  third  requisite  consists  of  adequate  provision  for  medical  and 
surgical  service  so  that  minor  illnesses  and  injuries  may  be  promptly 
treated  and  not  become  of  major  importance.  In  regard  to  accidents, 
''safety  first"  has  become  highly  specialized  and  efficient;  health  service, 
if  I  may  use  this  term,  has  not  been  developed  to  the  same  proportion. 
While  many  of  the  larger  mining  companies  maintain  first-class  hospitals, 
the  prevention  of  sickness  among  miners  has  not  kept  pace  with  the  pre- 
vention of  injury.  It  is  just  as  feasible  to  distribute  posters  and  other 
educational  matter  dealing  with  the  proper  care  of  common  colds,  con- 
stipation, and  other  minor  troubles,  which  are  forerunners  of  serious 
ailments,  as  it  is  to  impress  on  the  miners  the  necessity  of  having  the 
smallest  injury  promptly  attended  to  by  the  company  doctor.  There 
is  need  for  a  closer  codperation  between  the  doctors  and  ^he  miners  in 
handling  the  minor  ailments  when  they  first  appear.  In  former  days  the 
miner  was  an  English-speaking  person  with  all  the  advantages  of  a  knowl- 
edge of  the  country  and  its  institutions;  at  present  underground  workers 
are  largely  foreigners,  and  the  employer  must  provide  for  their  health 
during  working  hoiurs  and  often  in  their  homes  if  he  desires  to  keep  them 
on  the  job. 

It  is  probable  that  the  mining  industry  will  always  be  hazardous 
to  heidth  and  life  as  compared  with  other  industries  but-  at  present  it  is 
needlessly  so,  because  the  wastage  of  human  material  can  be  prevented 
by  securing  physically  fit  labor,  and  by  keeping  its  health  unimpaired. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferablv  be  presented  in  person  at  the 
New  York  meeting,  February,  1919,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossi'  le, 
then  disouBsion  in  writinc  may  be  sent  to  the  Editor,  American  institute  of  Mining  Engineers.  2  >  West 
39tb  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  medal  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1,  1919.  Any  discussion 
offered  tnereafter  should  prrferably  be  in  the  form  of  a  new  paper. 
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* 

BT  JAMBS  B.  NBALB,*  B.  A.,  MINERSVILLB,   PA. 
(New  York  Meetiiig,  February,  1919) 

From  the  beginning  of  its  activities,  the  members  of  the  National 
Production  Committee  have  felt  that  the  following  points  were  essential 
to  the  success  of  its  work:  The  operators  must  feel  that  their  operations 
were  not  100  per  cent,  efficient;  that  they  should  be  courteous  and  fair 
in  their  treatment  of  their  emptoyees;  and  that  they  should  set  an  ex- 
ample of  hard  work  and  patriotic  interest  in  increased  production. 

Every  move  made  must  appeal  to  the  sense  of  fairness  of  all  parties 
concerned. 

The  men  must  feel  that  in  working  more  faithfully,  and  conse- 
quently producing  more  coal,  they  are  rendering  a  distinct  service  to 
their  Government  in  the  tim^  of  its  great  need.  As  the  workers  feel 
that  greater  efficiency  on  their  part  results  only  in  greater  profits  to  the 
operators,  the  advantage  to  the  operator  should  be  lost  sight  of,  as  far 
as  possible,  and  the  advantage  to  the  Government  in  fighting  the  war 
emphasized. 

Both  operators  and  workers  should  know  that  the  Government 
coQfiidered  increased  production  an  obligation,  and  opportunity  for 
service,  resting  on  both  parties  and  not  on  the  operators  or  the  workers 
alone,  and  that  both  parties  could  very  much  better  the  efficiency  of  the 
pre-war  period.  Had  the  committee  intimated  that  it  thought  the  coal 
shortage  was  due  entirely  to  the  idleness  and  ineffieiency  of  the  workers, 
its  campaign  would  have  failed,  for  the  men  would  have  resented  the 
charge  because  only  too  frequently  their  efforts  to  produce  more  coal  were 
thwarted  by  bad  management;  besides  the  operators  would  have  lacked 
stimulus  to  better  effort.  On  the  other  hand,  had  the  impression  been 
given  that  the  committee  thought  that  the  coal  shortage  was  due  entirely 
to  bad  management,  the  operators  would  have  resented  the  charge 
because  only  too  frequently  their  efforts  to  produce  more  coal  were 
thwarted  by  the  idleness  and  inefficiency  of  the  workers;  and  the  workers, 
having  been  thus  indirectly  pronounced  100  per  cent,  efficient  and  patri- 
otic, would  have  lacked  stimulus  to  better  effort. 

*  Director  of  Production,  U.  S.  Fuel' Administration. 
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Method  Adopted  for  Increasing  Production 

With  these  points  in  mind,  the  committee  devised  the  following  plan: 
A  production  manager  was  chosen  for  each  of  the  twenty-eight  large 
producing  districts.  For  the  most  part  these  managers  were  nominated 
.by  the  operators  in  each  district  and  they  became  the  centers  of  the 
production  activities.  At  a  large  percentage  of  the  mines  production 
committees  were  formed,  one  at  each  mine.  These  committees  consisted 
of  six  men — of  whom  three  were  appointed  by  the  management  and  three 
were  chosen  by  the  workers — ^and  worked  under  the  direction  of  the 
production  manager,  who  served  as  the  umpire  in  case  of  division  in  the 
committee.  The  members  of  these  committees  were  given  certificates 
of  appointment  and  badges  and  every  effort  was  made  to  have  them  feel 
that  their  position  was  one  of  dignity  and  responsibility;  that  they  rep- 
resented the  Government  and  were  fortunate  in  having  an  opportunity 
to  render  special  service  to  the  Government  during  the  war.  Their 
duties  were  carefully  defined  in  a  letter  which  was  broadly  circulated. 
In  the  main  these  duties  consisted  in  discussing  ways  to  better  the  effi- 
ciency of  the  mine  and  its  equipment  and  of  the  mine  workers. 

The  members  of  the  National  Production  Committee,  in  Washington, 
made  every  effort  to  protect  mine  labor  from  undue  inroads  by  the 
selective  draft,  voluntary  enlistment,  munition  plants,  and  other  war 
activities.  They  looked  carefully  after  the  needs  of  the  operators  as  to 
mine  supplies  and  obtained  proper  priorities  for  such  materials.  They 
dealt  with  the  railroads  in  reference  to  car  supply  and  rendered  valuable 
assistance  to  power  plants  selling  electricity  to  the  mines.  Soldiers 
who  had  seen  active  service  and  could  bring  home  to  the  workers  the  life 
in  the  trenches  and  their  relation  to  it  visited  hundreds  of  mining  camps 
and  addressed  the  workmen.  A  great  amount  of  material,  such  as  posters, 
poems,  etc.,  that  it  was  thoughtwould  appeal  to  the  men  and  arouse  their 
patriotism,  was  distributed  and  personal  letters  were  written  to  workers 
who  made  unusual  records. 

In  many  districts,  the  production  managers  established  the  daily 
tonnage  necessary  from  each  mine  and  had  the  local  production  com- 
mittee accept  it  as  the  Government's  requirement.  This  was  one  of 
the  most  stimulating  features  as  it  gave  the  men  at  the  mine  a  definite 
goal  and  they  felt  that  the  standard  was  set  by  the  Government  and  not 
by  the  operator,  so  the  unwillingness  to  work  hard  for  the  operator's 
benefit  was  more  or  less  lost.  The  net  result  was  a  very  large  increase 
in  production. 

During  the 'five  very  active  months  the  National  Production  Com- 
mittee spent  in  Washington,  the  members  came  in  close  contact  with 
hundreds  of  ojjferators,  miners'  leaders,  and  mine  workers.  All  were 
keenly  interested  in  increased  production  and  frankly  expressed  their 
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views  as  to  the  causes  that  impeded  production  and  as  to  the  steps  that 
should  be  taken  to  increase  it.  We  discussed  what  were  called  methods 
for  increased  production,  but  which  were  really  methods  of  increasing 
the  harmony  and  codperation  between  employer  and  employee,  which 
is  the  true  basis  on  which  increased  production  must  be  built. 

Need  of  Stimulating  Ambition  in  Workmen 

There  is  undoubtedly  throughout  the  world,  as  is  evidenced  by  the 
rise  and  spread  of  Bolshevism,  a  feeling  that  the  good  things  have 
not  been  evenly  divided;  that  some  persons  have  had  too  much  and 
many  others  too  little.  This  is  true  in  theory  but  it  is  difiBcult  of  correc- 
tion. Doubtless  the  unequal  distribution  of  wealth  is  due  to  the  unequal 
distribution  of  worth,  and  until  worth  is  equally  distributed  there  can 
be  no  permanent  equal  distribution  of  wealth.  It  seems  essential, 
therefore,  to  make  an  earnest  persistent  effort  to  emphasize  the  need  of 
worth  and  to  do  everything  possible  to  stimulate  it.  The  Bolsheviki 
are  trying  to  distribute  wealth,  on  the  basis  of  might  and  disaster  can 
be  the  only  result  of  the  effort.  Is  not  the  promotion  of  worth  the  proper 
counter-irritant  to  Bolshevism? 

We,  operators,  as  the  pace-setters  in  the  coal  industry,  must  do  our 
part.    Our  workmen  must  be,  much  more  than  ever,  a  matter  of  deep 
concern  to  us.     We  must  plan  well  and  unselfishly  for  their  general  well 
being  and  must  use  every  effort  to  stimulate  them  to  greater  efficiency 
as  to  labor  and  to  higher  ideals  as  to  the  proper  use  of  their  Uves.    There 
must  be  created  an  ambition  for  more  comfortable  homes,  and  better  food 
and  clothing  for  themselves,  their  wives,  and  their  children.     The  educa- 
tion of  their  children  also  must  become  one  of  their  main  desires.     Now, 
their  dominating  desire  is  more  leisure;  fewer  hours  at  work  is  their  goal 
and  increased  wages  help  tbem  to  attain  it  but  at  the  expense  of  pro- 
duction.    This  ambition  is  disadvantageous  both  to  the  men  and  to  the 
operators  and  the  only  way  to  relieve  the  conditions  it  produces  is  by 
creating  new  ambitions  and  aims.     A  man  who  needs  $30  a  week  to  live 
in  his  accustomed  manner  and  who  can  earn  $5  per  day,  will  work  six 
days  a  week.     If  his  earning  power  is  increased  to  $7.50  a  day,  he  can 
earn  the  $30  a  week  necessary  by  working  only  four  days,  so  there  will 
be  a  tendency  on  his  part  to  decrease  his  working  days  from  six  to  four. 
This  is  uneconomical  for  all  parties.    By  stimulating  in  the  man  higher 
aims  and  ideals,  which  will  require  more  money  for  their  satisfying,  will 
not  only  increase  his  desire  to  work  but  will  also  tend  to  change  his  work 
into  service.     These  aims  and  ideals  will  make  him  feel  that  his  work  is 
not  merely  dull  toil  but  that  it  is  an  honorable  means  of  enabling  him 
to  gratify  his  higher  ambitions.    The  war  has  paved  the  way  for  this 
work  on  the  part  of  the  operators,  for  during  the  past  18  months,  as 
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ested  in  the  home,  the  school,  the  church,  and  all  social  activities,  in  fact, 
in  everything  going  on  in  the  community  that  has  an  influence  on  the 
lives  of  the  people.  Until  now  our  thoughts  have  centered  on  material 
things,  on  mechanical  devices,  and  along  these  lines  we  have  made  great 
progress;  but  we  have  paid  little  attention  to  the  social,  physical,  and 
moral  betterment  of  our  employees.  For  the  most  part  we  have  not 
tried  to  see  that  the  boys  entering  our  employ  each  year  were  better  than 
the  boys  who  entered  the  year  before.  We  have  given  little  thought  to 
our  workmen,  excepting  as  workmen,  and  even  then  we  have  made  no 
effort  to  teach  them  what  we  should.  We  have  complained  bitterly 
of  their  actions  many  times  and  yet  have  done  little  or  nothing  to  better 
their  environment  and  opportunity  and  to  stimulate  higher  ambitions 
and  ideals.  We  have  engaged  a  young  man  as  a  fireboss,  or  a  pitbo», 
and  have  said  to  ourselves  *'  That  young  fellow  is  a  comer.  I'll  make  a 
real  man  of  him."  We  should  consider  each  one  of  our  workmen  a  coiner 
and  try  to  make  a  man  of  him.  All  of  this  may  sound  theoretical  and 
impracticable  but  it  is  not.  It  cannot  be  done  in  a  day  or  in  a  year,  but 
it  can  and  must  be  done  if  the  good  things  of  this  world  are  to  be  gradually 
and  fairly  divided  on  the  basis  of  worth,  and  are  not  to  be  suddenly  and 
unfairly  divided  on  the  basis  of  might.  We,  operators,  are  face  to  face 
with  a  condition  that  is  exceedingly  important  and  serious,  and  I  believe 
we  are  strong  enough  to  meet  it  in  the  proper  way. 

During  the  past  18  months  the  President  of  the  United  States,  in 
his  various  addresses  and  messages,  has  set  up  a  very  high  standard. 
He  has  given  to  the  world  high  ideals  and  every  effort  must  be  made  to 
live  up  to  them.  The  great  mass  of  the  people  feel,  in  a  hazy  way  per- 
haps, that  peace  is  going  to  bring  to  the  world  better  conditions;  that 
there  will  be  a  more  equal  division  of  this  world's  goods;  and  that  brother- 
hood will  become  much  more  a  fact  than  before.  It  will  be  a  keen  and 
dangerous  disappointment  if  the  President's  ideals  do  not  prevail  in 
large  measure. 
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Notes  on  Certain  Ore  Deposits  of  tlie  Soutliwest 

Discussion  of  the  paper  of  W.  Tovote,  to  be  presented  at  the  New  York  meeting, 
February,  1919,  and  printed  in  Bulletin  No.  142,  October,  1918,  p.  1599. 

Philip  D.  Wilson,*  Warren,  Ariz,  (written  discussion f). — Mr. 
ToYote's  idea  of  attempting  to  classify  according  to  their  broad  geologic 
relations  the  ore  deposits  and  prospects  of  the  Southwest  is  an  admirable 
one.  Attempts  have  been  made  to  evolve  some  comprehensive  scheme 
of  classification  that  would  be  of  practical  assistance  in  determining 
the  possible  value  of  prospects,  but  the  ore  deposits  are  too  varied  in 
type,  form,  genesis,  and  distribution  to  lend  themselves  readily  to  any 
definite,  scientific  pigeon-holing.  The  classification  Mr.  Tovote  recom- 
mends, combining  the  age  of  the  mineralization  with  the  type  of  the 
rock  supposed  to  be  its  source,  is  open  to  criticism  even  on  the  evidence 
he  presents.  The  age  of  many  deposits  is  not  nor  can  be  definitely 
determined  because  of  the  absence  of  sedimentary  rocks  in  their  vicinity. 
Furthermore,  the  character  of  the  mineraUzing  solutions  has,  in  a  large 
majority  of  cases,  no  relation  to  the  composition  of  the  associated  igneous 
rock.  While  the  solutions  may  have  originated  in  the  same  magma,  they 
were  usu&Uy  a  much  later  manifestation  of  it,  often  appearing  after  the 
intrusive  rock  had  completely  soUdified  and  been  subsequently  crushed 
and  fractured,  and  in  many  cases  the  chemical  difference  is  very  marked. 

It  is  true  that  igneous  activity  in  the  Southwest  is  definitely  related 
to  certain  geologic  periods.  The  statement,  however,  that  no  ore  deposits 
can  unmistakably  be  referred  to  periods  earlier  than  late  Cretaceous  is 
not  supported  by  fact.  The  bonanza  copper  orebodies  of  the  Jerome 
District  are  definitely  pre-Cambrian.  As  suggested  by  J.  R.  Finlay,^ 
they  are  probably  post-Beltian  or  late  Algonkian  in  age,  perhaps  related 
to  the  same  great  mountain-making  period  as  the  copper  deposits  in  the 
Keweenawan  series  of  Lake  Superior  and  the  Sudbury,  Porcupine,  and 
Cobalt  deposits  of  Ontario.  The  proof  that  they  are  pre-Paleozoic 
may  be  summarized  as  follows: 

1.  The  pre-Cambrian  complex  in  which  they  occur  is  overlaid  by  a 
great  thickness  of  Paleozoic  sediments  with  the  Tonto  or  Tapeats  sand- 
stone at  their  base.  The  only  primary  mineralization  in  these  sediments 
is  an  economically  unimportant  one  connected  with  very  recent  basalt. 

2.  In  the  United  Verde  Extension  mine,  the  gossan  over  the  great 
orebody  extends  to  the  old  pre-Cambrian  surface  where  it  is  directly 

*  Geologist,  Calumet  &  Arizona  Mining  Co. 

t  Received  Dec.  12,  1918. 

1  The  Jerome  District  of  Arizona.    Engng,  A  Min.  Jnl  (Sept.  28,  1918)  106,  557. 
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overlaid  by  unmineralized  Tapeats  sandstone.  This  would  further 
indicate  that  the  oxidation  and  enrichment  of  this  orebody  was  completed 
before  the  Tapeats  sandstone  was  deposited. 

3.  In  the  United  Verde  minei  included  fragments  of  sulfide  ore  are 
found  in  later  andesite  dikes  that  cut  the  orebodies  but  do  not  invade  the 
Paleozoic  sediments. 

4.  The  characteristic  dark,  rusty,  red  color  of  the  basal  Tapeats 
sandstone  is  attributed,  by  F.  L.  Ransome,'  to  ferruginous  gossan  material 
from  the  pre-Cambrian  pyrite  deposits  in  the.  schist. 

5.  It  is  true,  as  Mr.  Tovote  states,  that  the  pyritic  deposits  in  the 
schist  do  not  show  the  result  of  the  regional  metamorphism  that  the 
neighboring  rock  has  undergone  for  the  reason  that  they  are  later  than 
the  probable  source  of  the  ore,  the  United  Verde  diorite,  which  in  turn 
is  massive  and  shows  none  of  the  evidence  of  the  stresses  that  have  pro- 
duced the  schistose  structure  in  the  older  complex.  The  diorite  is 
definitely  pre-Cambrian  but  very  evidently  much  younger  than  the  green- 
stone and  quartz  porphyry^schists  that  it  intrudes. 

Besides  the  Jerome  district,  there  are  several  of  less  importance  in 
Arizona  in  which  the  ore  deposits  may  be  pretty  certainly  referred  to 
the  pre-Cambrian,  notably  the  copper  deposits  in  the  Yavapai  schist 
belt  in  the  Bradshaw  Mountains  from  Stoddard  south  to  Canyon, 
and  the  many  copper  specularite  deposits  in  the  pre-Cambrian  schist 
in  the  vicinity  of  the  Bill  Williams  and  Colorado  rivers.    It  is  not  logical 
to  include  Bisbee,  where  the  mineralization  is  definitely  pre-Cretaceous 
in  age,  in  the  same  group  with  younger  Globe-Miami,  Clifton-Morend, 
Ray,  and  Chino  deposits  when  the  entire  period  of  Cretaceous  sedimenta- 
tion intervenes.    It  obviously  belongs  to  a  distinct  period  of  igneous 
and  mountain-making  activity.     There  is  some  reason  to  believe  that 
the  Cananea  deposits  are  of  the  same  age  as  those  in  Bisbee,  although 
there  is  no  positive  means  of  determining  it.    There  is  reason  to  question 
the   classification  of  the  "Parker  Cut-oflF"  deposits  in  pre-Cambrian 
schist,  such  as  the  Clara  Consolidated  and  the  Planet,  as  Tertiary- 
andesitic.    The   original   intrusions   with   which  the  ore  is  in  places 
associated  have  been  very  thoroughly  altered  and  sheared  to  amphibo- 
lite  and  Howland  Bancroft,'  in  common  with  most  other  observers, 
has  considered  them  and  the  associated  mineraUzation  as  definitely 
pre-Cambrian. 

It  seems  dangerous  and  of  little  practical  advantage  to  correlate 
such  dissimilar  and  widely  separated  deposits  as  the  disseminated  copper 
deposits  of  Pilares,  Ajo,  and  Red  Mountain  with  the  silver-lead  orebodies 
of  Tombstone,  the  silver-zinc  lead  veins  of  Crown  King,  «uid  the^gold 

'Some  Paleozoic  Sections  in  Arizona  and  their  Correlation.  U.  8.  Geol.  Sor. 
Fro},  Paper  98-K  (1916). 

» Ore  Deposits  in  Northem  Yuma  Co.,  Arizona.    TJ.  S.  GeoL  Sur.  Buff.  451  (1911). 
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veins  of  Oatman.  In  some  of  these  cases,  the  igneous  rock  that  can  be 
regarded  as  the  source  of  the  mineralization  is  un^certain  or  unknown 
while  in  the  case  of  the  Ajo  deposit  the  rock  is  a  monzonite  porphyry 
with  decidedly  basic  phases.  In  the  latter  example,  the  unimportance 
of  chalcocite  enrichment,  one  of  Mr.  Tovote's  criteria,  can  readily 
be  explained  by  the  geologic  history,  climatic  conditions,  and  mineralogy 
of  the  ore. 

Itk  connection  with  Mr.  Tovote's  classification  according  to  geologic 
provinces,  in  which  he  assigns  Jerome  to  the  "Yavapai  schist"  province, 
it  may  be  interesting  to  note  that  no  Yavapai  schist,  as  it  is  defined  by 
Jaggar  and  Palache,^  has  been  found  in  the  Jerome  district.  The  schist 
in  Jerome  is  composed  entirely  of  ancient  intrusive  and  extrusive  volcanic 
rocks,  flows,  and  bedded  tuffs,  while  the  Yavapai  schist  is  typically 
a  fine-grained  quartz  muscovite  of  sedimentary  variety,  intruded  by 
granitic  rocks.  Both  are  probably  older  than  the  belt  rocks  but  evidently 
do  not  belong  to  the  same  series  and  cannot  be  correlated. 

If  the  final  test  of  any  scheme  of  classification  proposed  is  its  practical 
value  in  simplifying  and  facilitating  the  estimation  of  the  probable 
value  of  a  mine  or  prospect  offered  for  sale  or  development,  it  should  be 
based  upon  those  qualities  that  actually  determine  the  value  of  the  ore 
deposit.  These  factors  are  neither  the  age  of  the  mineralization  nor 
the  character  of  associated  igneous  rock,  but  rather  the  form  of  the 
deposit,  which  Mr.  Tovote  dismisses  with  scant  consideration.  It  is 
with  the  fact  that  a  deposit  is  a  large  disseminated  body  or  a  narrow 
vein  or  a  garnet  contact  type  that  a  prospective  purchaser  is  interested 
rather  than  that  it  is  Tertiary  rhyolitic  or  Mesozoic  semi-acid. 

A  rough  physiographic  separation  of  Arizona  into  the  three  divisions 
of  Mr.  Ransome*  and  Mr.  Finlay* — the  plateau  region  of  prevalent  sub- 
sidence in  the  northeast,  the  desert  region  of  relative  uplift  in  the  south- 
west, and  the  zone  of  stress,  fracturing,  and  igneous  activity  between 
the  two,  characterized  by  the  great  parallel  mountain  ranges  and  con- 
taining most  of  the  important  ore  deposits — is  valuable  in  indicating 
the  most  likely  place  to  look  for  valuable  mines.  But  even  this  broad 
scheme  is  no  infallible  guide,  for  one  of  the  really  great  mines  of  the  State, 
the  New  Cornelia^  and  many  less  important  ones  are  found  in  the  isolated 
desert  ranges. 

In  short,  while  Mr.  Tovote's  paper  shows  much  thought  and  a  wealth 
of  close  observation  and  the  idea  that  prompted  it  is  excellent,  there  is 
ground  for  criticism  both  of  the  fundamental  scheme  proposed,  which  is 
impracticable,  and  of  the  attempt  to  include  in  too  small  a  compass  so 
many  deposits  differing  widely  in  age  and  character. 

^T.  A.  Jaggar,  Jr.  and  Charles  Palache:  U.  S.  Geol.  Sur.  Bradshaw  Mountains 
FoUo  (1905). 
•Op.  dL 
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DISCUraiON  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
New  York  meeting,  February,  1919,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  dlsousaion  in  writinc  ma^  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  20  West 
39th  Street,  New  York,  N.  x.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  speeial  arrangement 4a  made,  the  disousaion  of  this  paper  will  close  Apr.  1 ,  1919.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 
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Introduction 

The  location,  mode  of  occurrence  of  ore,  and  preliminary  tests  leading 
to  the  development  of  the  present  leaching  process  and  the  building  of 
the  present  plant  on  the  property  of  the  New  Cornelia  Copper  Co.  at  Ajo, 
have  been  described  in  previous  papers  presented  to  the  Institute  and 
in  the  discussions  thereof.^  It  is  sufficient  to  say  that  these  tests  began 
early  in  July,  1912,  and  were  continued  to  the  close  of  January,  1916; 
that  small  tests  at  Douglas  were  followed  by  the  construction  of  a  1-ton 
plant  at  the  mine;  and  this  was  followed  by  the  operation  of  a  40-ton 
plant  for  14  mo.    In  all  about  15,000  T.  of  ore  were  treated  experiment- 

*  MetaUurgist,  New  Cornelia  Copper  Co. 

t  Superintendent  of  Leaching  Plant,  New  Cornelia  Copper  Co. 

^  Stuart  Croasdale:  Leaching  Experiments  on  the  Ajo  ores.    Trans.  (1914)  49, 610. 

Ira  B.  Joraleman:  The  Ajo  Copper  Mining  District.    Trans.  (1914)  49,  593. 

L.  D.'Ricketts:  Some  Problems  in  Copper  Leaching.    Trans,  (1915)  62,  737. 

H.  W.  Morse  and  H.  A.  Tobelmann:  Leaching  Tests  at  New  Cornelia.    Trans, 
(1916)  W,  830. 
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ally  during  the  period  mentioned,  and  those  intimately  connected  with  the 
work  came  to  the  conclusion  that  the  process  finally  developed  wba  right 
in  principle.  Accordingly  a  5000-ton  plant  has  been  constructed  and 
in  operation  1  year  at  the  writing  of  this  article.  It  is  proposed  here  to 
describe  the  result  of  this  year's  work,  the  difficulties  that  have  been 
encountered,  and  the  steps  taken  to  overcome  them,  and  to  give  an 
opportunity  for  those  interested  to  compare  the  results  of  the  experi- 
ments that  have  been  described  with  the  actual  operation  of  a  large  plant. 

The  plant  was  completed  on  May  1,  1917.  The  first  charge  of  ore 
was  finished  on  May  17,  and  by  June  1  the  great  bulk  of  solutions  in 
circulation  had  become  sufficiently  saturated  with  copper  to  permit  the 
operation  of  the  electrolytic  plant.  On  June  18,  the  first  car  of  cathodes 
was  shipped  east  to  be  melted  and  cast  into  the  finished  shapes. 

The  process  adopted  was  as  follows: 

1.  Mining  by  steam  shovels;  the  maximum  size  to  be  controlled  by 
the  size  of  a  fragment  that  will  pass  the  shovel  dipper. 

2.  Transportation  of  the  ores  in  cars  that  will  stand  up  to  the  rough 
service  and  discharge  freely  any  fragments  that  passed  through  the  dip- 
per of  t\ie  steam  shovel. 

3.  The  delivery  of  the  ore,  without  any  storage  other  than  cars,  directly 
into  a  crusher  that  will  receive  any  fragment  discharged  by  the  car. 

4.  Crushing  of  steamnshovel  size  to  as  near  ^  in.  as  practicable. 

5.  Leaching  the  crushed  ore  8  days  by  a  coimter-current  system  and 
upward  circulation,  using  sulfuric  acid  and  such  ferric  sulfate  as  is  in- 
herent ip  the  process. 

6.  Reduction  by  sulfur-dioxide  gas  of  the  ferric  iron  remaining  in  the 
neutral  solutions  fro&  the  leaching  tanks. 

7.  The  electrolytic  deposition  of  part  of  the  copper  from  this  reduced 
solution,  which  is  then  returned  to  the  leaching  solution. 

8.  The  continuous  discharge  of  such  portion  of  the  neutral  solution  as 
is  necessary  to  prevent  accumulation  of  sulfates,  other  than  copper,  to  the 
saturation  point. 

9.  The  recovery  of  the  copper  content  of  such  discarded  solution  as 
cement  copper  precipitated  on  iron. 

10.  The  treatment  of  a  part  of  this  cement  copper  with  solution,  from 
the  electrolytic  tank  house  to  the  end  that  the  copper  be  returned  to  the 
circulation  and  a  part  of  ferric  sulfate  be  reduced. 

Table  1. — Summary  of  ResvUs,    May  1,  1917  to  May  1,  1918 

Total  tons  of  dry  ore  charged  to  leaching  plant 1,345,000 

Total  number  of  tanks  charged 269 

Total  copper  contents,  per  cent 1 .  631 

Soluble  copper  contents,  per  cent 1 .  577 

Insoluble  copper,  probably  present  as  sulfide,  per  cent 0.054 
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Average  proportion  of  ore  on  4-me8h  screen,  per  cent 41.9 

Average  proportion  of  ore  through  20-me8h  screen,  per  cent 19. 1 


Total  number  of  tanks  excavated 259 

Average  moisture  in  tailings,  per  cent 11.1 

Total  copper  in  tailings,  per  cent 0. 338 

Copper  in  laboratory  washed  tAilings,  per  cent 0. 254 

Water-soluble  copper  in  tailings,  per  cent 0. 084 

Average  xx>und8  of  water-soluble  copper  per  ton  of  tailings 1.6 


Average  number  of  days  leached 9.7 

Average  gallons  per  minute  advance  through  ore 1069 

Circulation  in  tank,  gallons  per  minute 4500 

Average  specific  gravity  of  neutral  advance 1 .  344 

Average  free  sulfuric  acid  going  on  oldest  ore,  per  cent 2 .  85 

Average  sulfuric  acid  in  solution  coming  off  newest  ore,  per  cent . .  0.5 


Average  gallons  advance  per  minute  through  towers 1005 

Total  iron  in  neutral  advance  to  towers,  per  cent 2. 36 

Ferric  iron  in  neutral  advance  to  towers,  per  cent 1 .  06 

Ferric  iron  in  neutral  advance  from  towers,  per  cent 0. 46 

Number  of  roasters  in  service 3 

Average  tons  of  ore  roasted  per  day 68. 5 

Average  sulfur  contents  of  ore,  per  cent 42.7 

Average  sulfur  contents  of  calcines,  per  cent 7.1 

Average  sulfur  dioxide  in  gas  towers,  per  cent 8.1 

Average  sulfur  dioxide  in  gas  from  towers,  per  cent 1.9 

Average  pounds  of  sulfur  consumed  per  pound  of  ferric  iron 

reduced 0. 57 


Average  gallons  per  minute  through  tank  house 1005 

Average  copper  content  of  solution  entering  tank  house,  per  cent .  3.01 

Average  copper  content  of  solution  leaving  tank  house,  per  cent . .  2 .  53 
Average  copper  content  removed  from  solution  through  tank 

house,  per  cent 0.48 

Average  ferric  iron  contents  of  solution  entering  tank  house,  per 

cent 0.45 

Average  ferric  iron  contents  of  solution  leaving  tank  house,  per 

cent 0.99 

Per  cent,  of  theoretical  oxidation 65 . 6 

Average  current  density,  amperes  per  square  foot 6.6 

Average  voltage  between  anode  and  cathode 2. 00 

Average  weight  of  cathode  shipped,  pounds 127 

Niunber  of  tanks  on  cathodes 120 

Number  of  tanks  on  starting  sheets 23 

Number  of  starting  sheets  made 266,453 

Per  cent,  of  starting  sheets  scrapped 11 .4 

Pounds  of  electrolytic  copper  produced 24,400,532 
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Total  kw.  hr.,  A.  C.  charged  to  electrolysis 34,866,006 

Pounds  of  copper  per  kw.  hr.,  A.  C 0. 70 

Pounds  of  copper  per  kw.  hr.,  D.  C 0.82 


Total  tons  of  acid  (60^  B.  sulfuric  acid)  charged  to  plant 59,809 

Pounds  of  60**  B.  acid  per  ton  of  ore  leached 90.3 

Pounds  of  60^  B.  acid  per  pound  of  copper  dissolved 3. 56 

Pounds  of  100  per  cent,  acid  per  pound  of  copper  dissolved 2. 76 


Average  pounds  of  copper  dissolved  per  ton  of  ore  leached 26. 06 

Average  per  cent,  of  total  copper  dissolved 79.89 

Per  cent,  of  total  copper  into  process  shipped  as  electrolytic  cop- 
per   63.70 

Per  cent,  of  total  copper  into  process  shipped  as  cement  copper . .  15.13 

Per  cent,  of  total  copper  tied  up  in  process 10.00 

Per  cent,  of  total  copper  produced  as  electrol3rtic 76.33 

Per  cent,  of  total  copper  produced  as  cement 24 .67 


PsbCbmt. 

Total  pounds  of  copper  to  process 43,847,000  100.00 

Total  pounds  of  copper  produced 32,392,565  73.88 

As  electrolytic 24,400,532  lb. 

As  cement 7,992,033  lb. 

Total  pounds  of  copper  in  solution  May  1,  1918 1,902,768  4 .  34 

Total  copper  unrecovered. 

In  tailings  as  insoluble  copper 6,381,242  . .     14.55 

In  tailings  as  water  soluble  copper 2,110,332  4.81 

-     Unaccounted  for 1,060,907  2.42 


Crushing 

The  ore  is  mined  by  steam  shovels  and  is  loaded  and  delivered  to  the 
crushing  plant  in  side  dump  cars.  The  crushing  plant  is  divided  into  two 
departments,  coarse  and  fine,  which  are  separated  by  a  10,000-ton 
storage  bin.  The  coarse-crushing  department  consists  of  a  No.  24 
gyratory  crusher  set  on  a  high  concrete  pedestal.  Four  No.  8  crushers 
of  the  same  type,  two  on  each  side,  receive  the  product  from  the  large 
crusher  and  reduce  it  to  about  4-in.  (101  mm.)  cubes.  This  product  is 
taken  by  two  36-in.  (91  cm.)  conveyors  to  the  storage  bins.  The  con- 
veyors have  magnetic  head  pulleys;  there  are  also  powerful  53-in.  (134 
cm.)  magnets  hung  over  each  belt. 

The  superstructure  provides  a  runway  and  a  40-ton  crane  is  installed 
over  a  No.  24  gyratory  crusher  for  handling  parts  in  repair  and  for 
breaking  jams  in  the  bowl  of  the  crusher.  The  10,000-ton  storage  bin 
between  the  coarse  and  fine  crushers  is  of  steel  built  on  an  elevated 
reinforced-concrete  platform.    It  is  flat-bottomed  and  the  ore  is  drawn 
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from  it.  automatically  onto  a  set  of  four  20-in.  belt  conveyors,  equipped 
with  magnetic  head  pulleys,  which  deliver  the  ore  to  four  uiiits  of 
Symons  48-in.  vertical-shaft  disk  crushers.  Each  unit  consists  of  three 
crushers,  which  are  interchangeable  in  every  respect.  The  IBirst  is  set 
to  crush  to  inch  cubes.  The  material  so  crushed  is  elevated  and  screened; 
the  undersize  by-passes  the  remaining  two  crushers,  which  are  set  in 
parallel.  The  oversize  passes  to  these  two  crushers  which  are  set  to 
crush  to  the  desired  size.  The  entire  product  is  fed  to  a  system  of  belt 
conveyors,  which  lead  through  a  sampling  plant  to  the  leaching  vats, 
which  furnish  the  only  storage  for  the  crushed  ore.  The  disk  crushers 
are  run  by  direct  connected  75-hp.  alternating-current  motors  at  400 
r.p.m.  The  pinion  shaft  is  long,  permitting  the  motors  to  be  set  in  a 
separate  room,  thus  being  protected  from  dust. 

In  determining  the  proper  size  to  which  ore  should  be  crushed  for 
leaching,  two  main  ideas  are  kept  in  view,  crushing  for  extraction  and 
crushing  for  percolation.  The  coarser  the  product,  and  the  smaller  the 
amount  of  fines,  the  freer  the  circulation  will  be;  but  the  extraction  will 
tend  to  vary  with  the  size  of  the  particles.  The  finer  the  ore  is  crushed 
the  higher  the  extraction  will  be  until  such  fine  crushing  materially  inter- 
feres with  the  circulation  of  the  solutions.  The  more  uniform  the  prod- 
net  the  better  the  circulation  will  be,  and,  other  things  being  equal,  the 
higher  the  extraction.  The  ore  used  in  early  leaching  tests  was  crushed 
by  rolls  that  produced  a  large  amount  of  fine  material.  Later  a  Symons 
vertical  48-in.  disk  crusher  was  used;  Symons  disk  crushers  were  in- 
stalled in  the  5000-ton  plant. 

Table  2  gives  screen  analyses  of  the  ore  crushed  at  Ajo  during  the 
first  year  and  represents  the  analyses  on  about  1,345,000  T.  of  ore. 
The  fracture  planes  of  the  porphyry  are  such  that  the  ore  has  a 
tendency  to  break  into  thin  flat  pieces,  so  that  the  leaching  product  is 
better  than  the  screen  tests  indicate.  All  fracture  planes  in  the  Ajo 
ore  contain  more  or  less  malachite  and,  as  a  result  of  crushing,  the  fine 
material  contains  more  copper  than  the  coarse.  The  screen  analysis 
in  Table  3,  representing  a  sample  from  150,000  T.  of  ore  treated  during 
the  month  of  March,  1918,  shows  the  distribution  of  the  copper  values. 
The  mine  is  operated  in  two  8-hr.  shifts  and  the  coarse-crushing  plant 
is  necessarily  operated  for  the  same  length  of  time,  there  being  no  storage 
between  the  plant  and  the  mine.  The  fine-crushing  plant  is  run  from 
3  p.  m.  to  7  a.  m.,  during  which  time  the  charge  for  a  5000-ton  tank  is 
crushed;  but  as  there  is  a  storage  bin  between  the  two  crushing  plants 
the  fine  plant  can  be  operated  for  the  full  24  hr.  if  necessary.  Serious 
trouble  has  been  experienced  from  the  fine  dust  in  the  crushing  plant. 
This  nuisance  has  been  somewhat  abated  by  wetting  down  the  ore  on* 
the  cars  as  it  comes  from  the  mine,  and  a  dust-collecting  system  is  now 
being  installed  in  the  fine-crushing  plant. 
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Table  2. — Summary  of  Screen  Sizing  Testa  far  First  Year  of  Operaim 


Month 


3 

Mesh. 

Per 

Cent. 


4 

Mesh, 

Per 

Cent. 


May 

June 

July 

August 

September 

October 

November 

December 

January 

February 

March 

April 

Average 

Extremes — 

Charge  No.  144  (1917) 
Charge  No.  16  (1917) . . 
Charge  No.  85  (1917) . . 
4a-ton  Test  Rant: 
Average  290  charges. . . 


25.8 
15.5 
20.6 
24.7 
26.9 
23.3 
28.9 
41.4 
37.6 


18.8 
18.6 
18.8 
16.0 
17.6 
17.8 
16.9 
13.2 
12.6 


6 

Mesh, 

Per 


30.0 

14.7 

24.3 

15.4 

19.8 

17.1 

26.3 

16.6 

56.6 

9.6 

7.6 

16.2 

16.1 

11.3 

9.7 

21.0 

14.2 
15.7 
14.9 
12.2 
13.2 
13.9 
12.4 


8 

M«h. 

Per 


Cent.  I  Cent. 


9.7 

11.7 

9.7 

8.6 
9.1 
9.5 
8.6 


10 

Mesh, 

Per 

Cent. 


7.2 
8.1 
7.5 

7.0 
6.9 
7.2 
7.1 
5.2 
6.1 
6.8 
7.6 
7.6 
7.0 

4.0 

10.1 

9.0 


20.0     14.1      8.0 


9.7 

7.2 

10.8 

7.3 

11.9 

8.5 

13.9 

9.0 

13.5 

9.9 

12.8 

9.1 

6.6 

5.0 

19.5 

14.3 

12.2 

9.9 

14 

Mesh. 

Per 

Cent. 


4.1 
5.5 
5.2 
5.3 
4.9 
4.5 
4.9 
4.1 
4.5 
4.8 
5.6 
5.6 
5.0 

3.1 
5.2 
7.1 


I 


+20 
Mfldb. 

Per 
Cent 


3.6 
4.2 
4.1 
4.4 
3.8 
4.2 
3.8 
3.3 
3.8 
3.7 
4.9 
4.8 
4.2 

2.3 
5.2 
6.0 


-30 

Per 
Cut 


16.6 
20.7 
19.2 
21.8 
17.7 
19.6 
17.5 
15.9 
17,2 
19.4 
19.3 
21.7 
19.0 

12.8 
22.9 
28.4 


6.0      4.2  .17.0 


Table  3. — Screen  Analysis  of  Ore  Treated  During  Marck,  1918 


■ 

Meeh 

Per  Cent. 

24.3 

15,4 

13.9 

9.0 

Copper, 
Per  Cent. 

1 

Mesh 

Per  Gent. 

P^^ 

1 

On  3 

1.41 
1.35 
1.38 
1.46 

On  10 

7.6 

5.6 

4.9 

19.3 

1.50 

On  4 

On  14 

1.61 

On  6 

On  20 

1.71 

On  8 

Through  20 

2.03 

Calculated — 1.548  per  cent,  copper 
Actual  analyses — 1.530  per  cent,  copper 


The  ore,  as  IBinally  crushed,  is  conveyed  by  a  system  of  28-in.  (71  cm.) 
belt  conveyors  through  an  automatic  sampling  plant  and  thence  con- 
tinuously to  the  leaching  plant.  There  are  twelve  leaching  tanks 
arranged  in  two  parallel  rows  of  six  each.  The  aisle  between  the  two 
rows  of  tanks  is  108  ft.  (32.9  m.)  wide  and  contains  what  is  known  as  the 
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central  structure.  This  &o-cfJled  central  structure  cooBiats  of  six  heavy 
reinforced-Goucrete  piers  supporting  steel  trusBes  that  span  from  pier  to 
pief.  This  central  structure  has  two  decks,  the  upper  carrying  the  belt 
conveyor,  the  lower,  the  solution  launders  and  pipe  lines.  Each  unit 
pier  consists  of  four  smaller  piers,  each  eupportiog  a  pump  and  its  pipe 
connections.  Underneath  this  central  structure  and  parallel  to  it  are 
two  drainage  launders  used  to  carry  the  solutions  from  the  leaching 
tanks  to  the  solution  storage. 

Lbachinq 

The  leaching  tanks,  88  ft.  (26.8  m.)  square  and  17  ft.  4  in.  (5.28  m.) 
deep  inside,  are  built  of  reinforced  concrete  with  wooden  bottoms. 
Hiese  have  a  capacity  of  5000  T.  each  of  crushed  ore.    The  walls  are  9M 


Fio.    1. — Leacbinq  tanks  and  excavatob,  New  Cobnblia  Copper  Co. 

in.  (24.1  cm.)  thick  and  are  strengthened  outside  by  concrete  buttresses. 
The  bottom  is  of  3  by  8-in,  (7.6  by  20.3  cm.)  Oregon  pine  laid  edgewise, 
and  is  supported  by  concrete  foundations.  The  sides  and  launders  of 
the  tanks  are  lined  with  8-Ib.  (3.6  kg.)  lead  and  the  bottom  with  6-lb.  4- 
per  cent.  aDtimonial  lead.  The  filter  bottom  is  laid  over  the  lead  bottom 
and  consists  of  5  by  12-in.  (12.7  by  30.4  cm.)  joists  on  edge  laid  on  I6-in. ' 
(40.6  cm.)  centers,  covered  with  2-in.  ship-lap  planks  that  are  bored 
with  ^-in.  (9.5  mm.)  holes  on  2-in.  (50.8  mm.)  centers  countersunk 
from  bdow.    Under  the  center  of  the  filter  bottom,  and  at  right  angles 
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to  the  wooden  floor  joUte,  there  ia  a  distributing  launder  5  ft.  (1.5  m.) 
wide  by  2  ft.  9  in.  (0.8  m.)  deep,  set  in  the  floor  throu^  which  the 
solution  enters  and  from  which  it  is  distributed  under  the  filter  bottom. 
The  lead  lining  on  the  sides  of  the  tanks  is  protected  from  abrasion  by 
a  covering  of  2-in.  planks  held  in  place  by  6  by  S-in.  (15.2  by  20.3  cm.) 
vertical  poets  clamped  at  the  bottom  and  top.  At  the  top  and  sides  ti 
each  leaching  tank  are  two  overflow  launders  extending  the  length  of  Cut 
tank,  one  end  being  connected  with  the  suction  of  a  circulating  pump. 
The  charging  ia  done  by  means  of  a  machine  especially  designed  for  this 
plant  and  known  as  the  spreader  bridge;  it  consists  of  a  traveling 
bridge  of  structural  steel  which  spans  the  tanks  and  travels,  as  desired, 


Fig.  2. — Lbachinq  tanks  and  roastkbs,  New  Corneua  Coppbr  Co. 


lengthwise  with  the  row.  The  bridge  supports  a  28-in,  (71.1  cm.)  belt 
conveyor,  which  receives  the  crushed  ore  from  the  belt  on  the  cential 
structure.    A  tripper  on  this  belt  spreads  the  ore  in  the  leaching  tanks. 

At  the  present  time  the  tanks  are  charged  by  filling  to  the  top  cS  the 
tank  at  one  side,  allowing  the  ore  to  assume  its  natural  slope,  or  about 
45°,  and  then  continuing  at  one  side  and  discharging  the  ore  at  the  top  dl 
the  slope,  allowing  the  coarser  material  to  run  to  the  bottom  and  the 
finer  to  remain  somewhat  higher  up,  thus  giving  a  rough  classification 
The  bridge  is  moved  slowly  forward  as  the  filling  of  the  tank  progresses. 
This  plan  was  suggested  by  the  engineers  of  the  Chile  Copper  Co.,  who 
have  obtained  the  best  results  through  this  method  of  filling. 

The  crushed  ore  is  leached  from  six  to  eight  days  by  a  counter-current 
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system  and  upward  percolation,  using  dilute  sulfuric  acid  as  the  principal 
sdvent  of  the  oxidized  copper  minerals. 

The  solution  in  each  tank  is  circulated  by  two  15-in.  (38.1  cm.)  vertical- 
centrifugal  pumps  of  3500  gal.  (13,248  1.)  per  min.  capacity  each.    These 
are  driven  by  direct-connected  40-hp.  vertical  motors.     The  head  against 
which  the  pumps  work  is  28  ft.  (8.5  m.),  which  is  virtually  equivalent  to 
the  friction  head  of  the  solution  passing  through  the  ore.    The  discharge 
from  one  of  these  pumps  is  provided  with  a  by-pass  which  permits  a 
portion  of  the  solution  to  be  advanced  to  the  next  tank.     Both  pumps  are 
throttled  to  give  a  circulation  of  about  4000  to  5000  gal.  per  min.  through 
the  ore.    Of  this  amount  about  1000  gal.  (3785  1.),  called  the  solution 
advance,  is  continuously  passing  through  from  tank  to  tank.    The  high- 
acid  solution  (3  per  cent,  free  sulfuric  acid)  coming  from  either  or  both 
the  tank  house  and  the  solution  storage  and  going  on  the  oldest  ore,  is 
called  the  ''acid  advance."    The  nearly  neutral  solution  coming  off  the 
newest  charge  and  going  to  the  reduction  towers  is  known  as  the  ''  neutral 
advance. " 


Cyde  of  Leaching  Operation 

To  understand  more  clearly  the  various  operations  taking  place  dur- 
ing a  leach  cycle,  the  accompanying  flow  sheet  for  a  day's  operation  should 
be  followed.  The  arrangement  of  the  piping  and  launders  permits  the 
advance  of  solution  in  but  one  direction,  clockwise.  The  tanks  are  also 
charged  in  this  order.  Of  the  twelve  tanks,  eleven  are  used  as  leaching^ 
tanks  and  one  as  a  solution  settler.  Of  the  eleven  tanks,  seven  always  con- 
tain  ore  in  the  process  of  leaching.  Referring  to  flow  sheet  (20-20),  if 
we  assume  the  ore  in  tank  10  to  be  the  oldest  and  that  in  tank  5  to  be  the 
newest  in  circuit,  then  tank  6  is  being  charged  with  ore,  tank  7  is  empty, 
tank  8  is  being  excavated,  and  tank  9  is  in  the  various  stages  of  washing 
and  draining. 

When  the  charging  of  tank  6  has  been  completed  and  the  tank  is 
ready  for  the  leaching  cycle,  the  acid  advance  is  increased  to  the  maxi- 
mum (2000  gal.  per  min.  for  4  hr.)  by  the  addition  of  solution  from  the 
storage  tanks  A  or  E.  Meanwhile  the  usual  advance  of  about  1000  gal. 
per  min.  continues  to  go  from  tank  5  to  the  reduction  towers  and  the 
excess  solution  is  advanced  to  tank  6  until  the  ore  is  covered;  this  is  to 
prevent  any  interruption  in  the  solution  flow  to  the  towers.  When  the 
ore  is  covered  this  additional  advance  is  cut  off  and  the  normal  advance 
resumed.  The  solution  on  the  new  charge  is  now  circulated  on  itself  for 
about  4  hr.,  or  until  clarified.  Tank  6  is  now  put  into  circuit  and  the 
neutral  advance  to  the  towers  comes  off  tank  6  in  place  of  tank  5. 

The  leaching  of  the  ore  in  tank  6,  now  begun,  continues  for  7  days. 
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during  which  period  the  free  acid  in  the  solution  has  varied  from  0,5  per 
cent,  on  the  first  day  to  3.0  per  cent,  on  the  seventh.  To  show  the  acid 
concentrations  during  a  leach  cycle,  the  daily  analyses  of  the  solution 
going  on  each  day  were  averaged  for  some  18  consecutive  charges.  The 
results  were  as  follows: 

PuCemt. 

Free  HflS04  going  on  the  ore  the  seventh  day 3.0 

Free  HsSO«  going  on  the  ore  the  sixth  day 2.6 

Free  H18O4  going  on  the  ore  the  fifth  day 2.2 

Free  H1SO4  going  on  the  ore  the  fourth  day 1.9 

Free  H^SOi  going  on  the  ore  the  third  day 1.6 

Free  HsS04  going  on  the  ore  the  second  day 1.2 

Free  HsS04  going  on  the  ore  the  first  day 0.9 


At  the  end  of  the  seventh  day,  the  acid  advance  from  the  tank  house  is 
transferred  from  tank  10  to  tank  11.  Upon  the  entrance  of  a  new  charge 
into  the  circuit  the  solution  remaining  in  the  oldest  tank  is  drained  to 
the  solution  storage,  where  it  is  standardized  with  acid  and  is  later  used 
as  add  advance.  After  thorough  draining,  the  tank  is  ready  for  the  wash 
water. 

As  the  copper  entrained  in  a  charge  after  leaching  is  about  one-third 
of  the  total  copper  dissolved,  the  question  of  thorough  washing  is  very 
important.  Four  successive  wash  waters  with  drainings  are  used. 
During  the  3  hr.  circulation  that  each  wash  is  given,  an  equilibrium  be- 
tween the  dissolved  copper  in* the  taUings  and  that  of  the  wash  water 
being  applied .  is  expected  to  be  reached.  To  follow  more  readily  the 
method  of  washing  a  charge,  the  flow  sheet  is  referred  to.  When  tank  9 
has  been  thoroughly  drained,  the  charge  is  covered  with  wash  water 
from  wash-water  tank  1,  circulated,  and  then  drained  to  solution  storage 
tank  A  or  E;  this  constitutes  the  first  wash.  The  charge  is  now  covered 
with  wash  water  from  wash-water  tank  2  and  similarly  circulated,  and 
then  drained  into  wash-water  tank  1.  In  the  same  manner,  the  wash 
water  from  wash-water  tank  3  is  put  on,  circulated,  and  drained.  The 
fourth  or  last  wash,  consisting  entirely  of  fresh  water,  is  pumped,  circu- 
Utedf  and  drained  into  wash-water  tank  3. 

In  this  manner  the  fourth  wash  of  any  one  charge  is  used  as  the  third 
wash  of  the  succeeding  charge,  the  third  used  as  the  second,  and  the  second 
as  the  first.  In  other  words,  each  wash  water  is  used  four  times,  the 
copper  contents  increasing  each  time,  when  it  is  incorporated  into  the 
system  to  make  up  the  continuous  losses  of  solution.  These  losses  are 
due  to  evaporation,  discard,  and  solution  entrained  in  taUings. 

The  average  analyses  of  the  wash  waters  for  March,  1918,  were  as 
shown  in  Table  4. 
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Table  i.— Analyses  of  Wash  Waters  for  March,  1918 


Solution 
Off 


Free  H^04,  per  cent. 

Copper,  per  cent 

Ferrous  iron,  per  cent. 
Ferric  iron,  per  cent. . 
Specific  gravity 


First 
Wash 


Second 
Wash 


Third 
Wash 


2.58 

1.02 

0.68 

0.48 

2.40 

1.61 

1.16 

0.74 

1.68 

1.06 

0.70 

0.47 

0.72 

0.4S 

0.31 

0.17 

1.30 

1.20 

M3 

1.08 

Fourth 
Wash 


'0.10 

0.38 
0.04 
0.26 
1.05 


To  obtain  the  best  results  in  washing  a  charge,  the  tanks  should  be 
thoroughly  drained  after  each  wash  and  the  circulation  should  be  limited 
by  the  time  required  to  reach  an  equilibrium.  As  each  0.1  per  cent,  of  cop- 
per in  the  last  wash  watet  means  a  loss  of  over  1000  lb.  of  dissolved  copper 
per  day,  it  is  evident  that  the  washing  has  not  yet  been  perfected.  Lim- 
ited solution  storage  and  launder  installation  during  the  first  year  has 
made  the  use  of  a  fifth  wash  water  impracticable.  Probably  the  best 
lecommendation  made  in  connection  with  the  use  of  a  fifth  wash  water 
was  the  precipitation  of  its  copper  contents  on  scrap  iron  simultaneously 
with  its  use,  using  the  same  water  repeatedly  until  it  reaches  a  point 
where  it  is  no  longer  effective.  Plans  are  now  being  considered  for  this 
installation.  The  losses  that  the  wash  waters  replace  are  shown  in 
Table  5.  The  total  is  about  the  volume  of  one  wash  water.  The  average 
moisture  in  the  tailings  for  the  first  year  of  operation  was  11.12  per  cent. 


Table  5. — Losses  of  Solution 


jGalloDs  per  Ton  of  Ore 


Evaporation 

Discard 

Entrained  in  tailings 

Total 


1 


5  to  10 
28  to  30 
24  to  26 


67  to  66 


Gallons  per  Day 


25,000-  50,000 
140,000-150,000 
120,000-130,000 

285,000-330,000 


Removal  of  Tailings 

After  a  charge  has  been  washed  and  drained,  the  tailings  are  removed 
from  the  tank  by  means  of  a  Hulett  unloader.  The  machine  was  fur- 
nished by  the  Wellman-Seaver-Morgan  Co.,  and  is  similar  to  unloaders 
used  on  the  Great  Lakes  for  unloading  iron  ore  from  boats.  A  heavy  steel 
bridge  on  trucks  spans  the  leaching  tanks  and  travels  l^eir  entire  length. 
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On  this  bridge  travelfl  a  trolley  carrsring  a  walking  beam,  bucket  leg,  and 
bucket  of  12  T.  capacity.  The  unloader  has  a  rated  capacity  of  500  T, 
per  hr.  and  will  generally  excavate  a  tank  of  tailings  in  10  to  11  hr.  An 
engineer  and  an  oiler  are  required  to  operate  it.  A  description  of  this 
machine  has  been  written  by  Franklin  MoeUer,  Engineer  for  the  Well- 
man-Seaver-Morgan  Co.'  Two  eight-car  trains  are  released  from  the 
mine  service  at  4.30  p.  m.  for  the  transportation  of  tailings.  Twenty-one 
to  twenty-three  train  loads  of  eight  cars  each  are  required  to  excavate  a 
tank.  The  tailings  are  taken  to  a  diunping  ground  located  about  a  mile 
from  the  plant.  The  dump  is  on  gently  sloping  ground  with  a  imiform 
grade  of  1  per  cent.,  the  end  of  the  present  dump  being  about  80  ft.  (24.3 
m.)  above  the  original  ground. 

SohUion 

The  acid  advance  during  the  first  year  has  varied  from  869  to  1324 
gal.  (3289  to  5011  1.)  per  min.  While  we  found  that  the  more  rapid 
advance  appeared  to  give  better  extractions^  we  also  found  that  the  acid 
consumption  was  greatly  increased.  It  is  of  interest  to  note  that  the 
per  cent,  of  free  acid  coming  off  the  newest  charge  averaged  practically 
the  same  for  an  advance  of  869  gal.  per  min.  as  for  an  advance  of  1324 
gal.  per  min.  To  show  the  normal  decrease  in  acid  and  increase  in  copper 
and  other  constituents  in  the  solution  advance  in  one  passage  through 
the  leaching  tanks,  the  average  analyses  for  the  month  of  March,  1918, 
are  given  in  Table  6. 


Table  6. — AndlyseB  of  Solution  for  March,  1918 


Acid  Advance 


Neutral  Advance 


FVee  sulfuric  acid,  per  cent 3.00 

Copper,  percent [  2.38 

Itoq  aa  ferrous  iroUi  per  cent '  1 .  57 

lion  as  ferric  iron,  per  cent '  0. 09 

Alumina,  percent I  2.53 

4>ecific  gravity I  1 .290 


0.48 
3.04 
1.61 
0.72 
2.60 
1.305 


There  were  originally  some  13,000,000  T.  of  thoroughly  oxidized  ore, 
consisting  principally  of  malachite  together  with  small  amounts  of  cuprite 
and  chrysocolla  distributed  through  a  monzonite-porphyry  gangue.    Of 

this  tonnage  over  10  per  cent  has  ahready  been  treated.    It  came  in 

^— ^^— i^-— ^^i^— ^»^— ^      —111  ■  II I  . .    .  .  ■■■■...     ■  ■■■ .« «p»  .1.. 
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nearly  equal  quantities  from  three  widely  separated  parts  of  the  orebody. 
From  this  it  is  reasonable  to  believe  that  equally  good  or  better  results 
may  be  expected  from  the  remainder.  The  ore  so  far  mined  has  been 
better  than  the  sampling  of  the  property  indicated,  averaging  1.631 
per  cent,  total  copper  as  against  1.54  per  cent,  reported.  Occasionally 
small  quantities  of  sulfides  are  encountered,  but  not  enough  to  make  it 
Worth  while  to  treat  this  ore  separately.  Both  the  total  and  the  soluble 
copper  content  of  each  charge  of  ore  bedded  is  determined.  The  differ- 
ence between  the  total  copper  and  the  soluble  copper  is  an  indication  of 
the  quantity  of  copper  present  as  sulfides;  for  the  first  year  of  operation 
it  was  0.054  per  cent. 

Comparing  the  analyses  and  assays  on  corresponding  composite  sam- 
ples of  the  ore  before  and  after  leaching,  it  is  found  that  a  measurable 
quantity  of  iron,  alumina,  and  magnesia  has  been  dissolved.    Table  7 


Table  7. — Analyses  of  Ore  Before  and  After  Leaching,  Februaryy  1918 


ao, 

Fe,  total 

A1,0, 

CaO 

MgO 

Mn 

S 

S(8oLinH,0) 

Cu,  total 

Cu,  (sol.  in  H1SO4) 

Cu,  in  laboratory  washed 
tailings 


67.04 

69.28 

6.05 

4.33 

12.30 

11.50 

0.63 

0.60 

1.62 

1.24 

0.026 

0.02 

0.06 

0.26 

0.16 

1.67 

0.28 

1.51 

0.22 

Heads, 

Per 

Cent. 


PlOft 

NasO 

K,0 

TiO, 

CaOasCaSO*.... 
Fe  as  ferrous  iron. 
Fe  as  ferric  iron. . . 

H2O 

Au,  ounces  per  ton 
Ag,  ounces  per  ton 


gives  the  analyses  of  the  ore  before  and  after  treatment  during  February, 
1918.  A  study  of  the  table  will  show  relative  solubilities  of  the  various 
constituents  of  the  ore  in  our  present  leaching  solution.  This  was  one 
of  the  first  things  to  be  determined  in  developing  this  process.  Mr. 
Croasdale  showed  that  the  quantity  of  soluble  material  other  than  copper 
is  comparatively  small.  Furthermore,  comparison  of  the  sizing  tests 
of  the  ore  before  and  after  treatment  shows  that  no  appreciable  physical 
change  has  taken  place  as  a  result  of  the  solution  of  these  constituents. 
A  part  of  the  regular  daily  laboratory  work  consists  of  making  analyses 
of  a  composite  of  hourly  samples  of  the  solutions  on  and  off  all  leaching 
tanks.    An  average  of  the  analyses  of  18  consecutive  charges  is  shown  in 
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Table  8.    The  results  proved  so  interesting  that  94  charges  were  similarly 

m 

averaged,  including  some  charges  that  for  various  reasons  were  per- 
mitted to  remain  in  the  leaching  tanks  for  10  days.    The  results  for  the 

Table  8. — Composite  Analyses  of  Solutions  on  and  off  Tanks 


Gain  in  Coi^per 

Concentration, 

Per  Cent. 


Drop  in  Acid 

Concentration, 

Per  Cent. 


Converted  Pounds  per  Ton 
of  Ore  Treated 


Pounds  of 

Copper 
Diasolved 


Pounds  of  60' 
B.  HsSOi 
Consumed 


Ist  day. . 
2d  day.. 
3d  day. . 
4th  day. 
5th  day. 
6th  day. 
7th  day. 
8th  day* 

Total. 


0.094 
0.138 
0.111 
0.108 
0.098 
0.063 
0.015 
0.032 


0.659 


0.104 
0.288 
0.318 
0.388 
0.278 
0.350 
0.394 
0.394 


2.604 


66 
37 
32 
58 
81 
2.45 
0.58 
1.24 


3 
5 
4 
4 
3 


26.01 


9.74 
14.45 
15.90 
19.40 
13.85 
17.55 
19.60 
19.60 


130.09 


*  The  eighth  day  represents  the  maximum  acid  solution. 

first  eight  days  on  these  94  charges  checked  very  closely  those  of 
the  18  eight-day  charges;  therefore,  a  comparison  will  be  made  only 
of  the  last  four  days  of  the  leaching  period.  From  this,  it  is  obvious  that 
the  0.7  lb.  of  copper  gained  per  ton  of  ore  leached  on  the  last  two  days 
was  obtained  at  a  cost  of  nearly  43  lb.  (19.5  kg.)  of  60°  B.  sulfuric  acid, 


Table  9. — Copper  Dissolved  and  Add  Consumed 


Kiunber  of  Charges  Averaged 

Pounds  of  Copper  Dissolved  per 
Ton  of  Ore  Treated 

Pounds  of  60*"  B.  Acid  Consumed 
per  Ton  of  Ore  Treated 

94 

18 

94 

18 

7-dAV  lenwh 

25.7 

26.9 
27.3 
27.6 

24.8 
26.0 

109.2 
129.6 
150.9 
172.2 

112.7 

R-dav  Iflftoh 

130.0 

9-day  leach 

lOniav  IfAoh 

and  that  there  is  a  well-defined  point  where  a  high  extraction  is  not  profit- 
able^ if  it  is  obtained  by  prolonging  the  time  of  contact  between  ore  and 
icid.  .The  pounds  of  material  dissolved  per  ton  of  ore  leached  and  the 
pounds  of  acid  consumed  appeared  to  be  as  shown  in  Table  10. 
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Table  10. — Material  Dissolved  and  Add  Consumed 


1 

1 

Nui 

mber  of 

Days  Leached 
6            7 

1 

2 

3 

4 

5 

8 

9 

10 

Cu,    lb.    per    ton    ore 
leached 

Fe,    lb.    per    ton    ore 
leAohed ,,  s 

3.60 
0.00 
0.00 
0.00 

8.1 

8.75 
0.00 
0.17 
0.08 

19.1 

14.50 
0.00 
1.69 
0.58 

32.4 

19.11 
0.98 
1.40 
0.63 

47.2 

22.47 
2.28 
2.29 
1.03 

59.4 

25.00 
4.62 
2.76 
1.24 

71.7 

26.72 
5.70 
4.61 
2.08 

84.8 

27.93 
6.80 
7.33 
3.31 

100.6 

28.26 
8.42 

10.22 
4.60 

117.2 

28.65 
9.22 

AliOi,  lb.  per  ton  ore 
leaohed 

13.85 

MgO,  lb.  per  ton  ore 
leAofaed 

6.1S 

Pounds  of  100  per  cent, 
acid  need  per  ton  of 
ore 

133.8 

Leaching  tests  made  on  individual  screen  sizes  in  a  small  lead  Fachuca 
tank  holding  approximately  200  lb.  (90  kg.)  of  ore  showed  the  rates  at 
which  the  various  impurities  dissolve  compared  to  that  of  copper.  The 
ore  was  carefully  screened,  dried  and  weighed.  The  acid  was  weired 
and  the  solution  measured.  The  acid  concentration  was  kept  as  near  as 
was  possible  to  that  of  the  5000-ton  plant  for  the  corresponding  day. 
So  far,  tests  have  been  completed  on  three  screen  sizes:  Minus  0.525 
in.  plus  0.371  in.,  minus  3  mesh  plus  4  mesh,  and  minus  6  mesh  phu 
8  mesh.  The  cumulative  pounds  of  material  dissolved  per  ton  of  ore 
leached  are  as  follows: 


Test  1. — Minus  0.625  Plw  0.371-m68A  Screen 


Houn  Leached 


21.22 
2.03 
3.26 
0.70 
1.19 
0.63 


144 


22.14 
2.57 
3.36 
0.80 
0.96 
0.64 
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Test  2. — Minus  Z-mesh  Phis  A-^meah  Screen 


Houra  Leaohed 


13 

1 

1 

30 

48 

72 

97 

i       125 

1 

144 

Cu 

14.80 

1 

18.30 

1 

21.10   122.30 

24.10 

25.60 

26.60 

Fe 

0.65 

0.89 

1.29 

1.74 

2.16 

2.96' 

3.96 

AIA 

'     1.18 

1.99 

2.47       2.46 

2.79 

3.71 

4.08 

MgO 

!     0.25 

0.32 

0.34   1    0.39 

0.49 

1   0.73 

0.90 

(kO 

1.52 

1.15 

1.08   1    1.01 

0.92 

1.05 

1.08 

PA 

0.34 

1 

0.47 

0.58 

0.66 

0.85 

1    1.05 

i 

1.03 

Test  3. — Minus  ^^mesh  Plus  8-m6«A  Screen 


Hoars  Leaohed 


12 


24 


36 


60 


72 


Cu 

Fe 

18.20 
0.70 
1.69 
0.26 
1.27 
0.25 

21.10 
1.00 
2.28 
0.34 
1.18 
0.37 

22.50 
1.15 
2.59 
0.37 
1.08 
0.43 

22.60 
1.55 
2.88 
0.31 
1.08 
0.76 

23.40 
1.85 

AlA 

3.01 

MgO 

0.42 

^O^^  -.^...^^. 

CaO 

1.08 

P,0» 

0.83 

Calculating  these  results  so  as  to  show  the  solubility  of  impurities;  in 
pounds  per  pound  of  copper  dissolved,  we  have  Table  11.  These  results 
indicate  that  fine  crushing  gives  the  highest  extraction  in  the  least  time 
and  with  the  minimum  acid  consumption. 

Table  ll,-— Impurities  Dissolved  per  Pound  of  Copper 


24-hr.  Leach 


Test  1 


TeBt2 


Tests 


72-hr.  Leach 
Test  1 


144-hr.  Leaoh 


Test  2  '  Test  3 


Test  2 


Pe 

AW). 

M«0 

CaO 

PjOs 

Total  oopper  diasohred,  per  cent. 
Pounds  of  add  consttmed  per  lb. 

o€  eopper  dissolved 

■■-■  ■  f — 


0.042 
0.109 
0.021 
0.115 
0.024 
31.6 

2.0 


0.043 
0.080 
0.016 
0.102 
0.023 
56.6 

2.0 


0.044 
0.108 
0.016 
0.060 
0.017 
80.0 

2.4 


0.071 
0.129 
0.021 
0.069 
0.026 
51.9 

2.3 


0.078 

0.079 

1 
0.116 

0.110 

0.129 

0.152 

0.017 

0.018 

0.036 

0.045 

0.046 

0.044 

0.029 

0.035 

0.029 

74.9 

91.5 

67.7 

2.2 

2.7 

2.4 

0.162 
0.166 
0.037 
0.044 
0.042 
89.2 

2.6 


Add  Consumption 

Upon  the  amount  of  acid  consumed  per  pound  of  copper  may  depend 
largely  the  profit  to  be  derived  from  the  ore.  During  some  300  charges, 
the  average  acid  consumption  for  the  40-ton  plant  was  2.8  lb.  (1.3  kg.) 
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of  100  per  cent,  acid  per  pound  of  copper  dissolved.  This  does  not  in- 
clude that  part  regenerated  in  the  tank  house  by  the  electrolytic  deposi-  , 
tion  of  copper  or  that  obtained  by  the  oxidation  of  the  SO2  to  HjSO*  by 
the  ferric  iron.  Mr.  Croasdale's  experiments  showed  a  probable  acid 
consumption  of  about  3.15  lb.  (1.4  kg.)  of  100  per  cent.  H2SO4  per  pound 
of  copper  dissolved.  This  was  of  course  the  net  consumption,  as  there 
was  none  produced  or  regenerated. 

The  amount  of  new  acid  introduced  into  the  system  during  the  first 
year  has  varied  from  month  to  month.  By  new  acid  we  mean  that  part 
of  the  acid  that  must  be  brought  in  from  an  outside  source,  and  repre- 
sents only  about  60  per  cent,  of  that  actually  consumed  in  dissolving  the 
copper  in  the  ore;  of  the  remaining  40  per  cent.,  32  per  cent,  is  that  gen^- 
ated  in  the  towers  by  the  oxidation  of  SO2  and  8  per  cent,  is  that  regencr-  ■ 
ated  in  the  tank  house  by  the  deposition  of  copper.  In  the  final  report 
on  the  experimental  work,  we  stated  that  this  acid  consumption  on  the 
5000-ton  plant  would  not  exceed  3  lb.  of  100  per  cent.  H2SO4  per  ton  of 
ore  leached. 

For  the  first  5  mo.  of  the  year,  both  the  development  work  at  the 
mine  and  the  usual  troubles  in  starting  a  plant  prevented  the  delivery 
of  5000  T.  of  ore  per  day.  This  condition  resulted  in  many  of  the  charges 
being  in  process  from  10  to  16  days,  during  which  time  great  quantities 
of  acid  were  consiuned  and  but  Uttle  copper  extracted.  For  the  last 
7  mo.  these  conditions  have  been  continually  bettered  and  the  average 
acid  consumption  for  the  first  year  of  operation  is  2.76  lb.  (1.26  kg.) 
of  100  per  cent.  H2SO4  per  pound  of  copper,  or  3.36  lb.  (1.5  kg.)  of  60**  B. 
acid  per  pound  of  copper,  while  the  average  for  the  last  4  mo.  is  2.75  lb. 
(1.24  kg.)  of  60^  B.  or  2.14  lb.  (0.96  kg.)  of  100  per  cent.  acid. 

Approximately  60,000  T.  of  60°  B.  sulfuric  acid  have  been  charged  out 
to  the  leaching  process  during  this  first  year  of  operation,  or  an  average 
of  164.4  T.  per  day.  During  this  period,  some  1,345,000  T.  of  ore  have 
been  put  into  process,  making  an  average  acid  consumption  of  89.6  lb. 
(40.5  kg.)  of  60°  B.  acid  per  ton  of  ore.  The  acid  used  is  purchased  from 
the  Caliunet  &  Arizona  Mining  Co.  acid  plant  at  Douglas,  Ariz., 
and  is  delivered  to  Ajo,  some  300  miles  distant,  in  50-ton  iron  tank  cars 
at  the  rate  of  about  three  cars  a  day.  Ample  storage  has  been  provided 
by  the  erection  of  four  1000-ton  steel  tanks,  which  permit  of  keeping  3500 
to  4000  tons  of  acid  in  stock.  A  6-in.  (15  cm.)  pipe  Une  delivers  the  add 
by  gravity  to  the  electrolytic  tank  house  and  to  the  solution  storage. 

Since  the  Ajo  ores  carry  neither  arsenic  nor  antimony,  which  are  very 
deleterious  impurities  in  cathode  copper,  the  only  other  source  of  intro- 
duction for  these  impurities  would  be  sulfuric  acid.  As  the  ore  used  for 
the  production  of  the  acid  at  Douglas  carries  but  very  small  quantities 
of  these  impurities,  the  acid  is  of  good  quality,  and  there  is  no  trouble 
from  this  source. 
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Table  12,— Analysis  of  Sulfuric  Acid  {Oct.  1,  1917  to  Jan.  1,  1918) 


H,S04. 


HNO,. 


Per  Cent. 

80.86 

(Equivalent 

to  61.5*^  B.) 

0.0064 

None 


T 


Per  Cent. 


Cu 0.0618 

Pb \  0.0032 

Sb I  0.0063 

As 0.0058 


Per  Cent. 


Fe. 
Zn 
Bi. 

CI. 


0.0210 

0.0161 

None 

None 


An  analysis  of  three  months'  composite  sample  of  the  acid  is  shown 
in  Table  12.  The  acid  occasionally  has  a  pinkish  tint,  which  upon  exami- 
nation was  found  to  be  due  to  a  trace  of  selenium.  After  operating 
several  months,  a  blood-red  scum  appeared  in  spots  on  the  oU  on  the  sur- 
face of  the  electrolyte.  Anodes  withdrawn  at  about  that  time  showed  a 
similar  coating  on  the  porcelain  insulators.  This  scum  or  deposit  was 
tested  and  found  to  be  selenium. 

To  show  how  the  acid  is  consumed,  a  t3rpical  solution  analysis  is 
given  in  Table  13.  This  is  the  analysis  of  a  composite  sample  represent- 
ing solution  from  the  whole  leaching  and  electrolytic  cycle  on  Dec. 
27,  1917.     The  specific  gravity  is  1.319.     There  are  about  6,000,000 


Table  13.-^4 

.  Typical  Solution  Analysis 

Per  Cent. 

Per  Cent. 

Per  Cent. 

• 

Cu t     2.736 

AlA 2.758 

Fe,  total ,     2.456 

1 

P,0. 1     0.192 

CaO 0.055 

MnO 1     0.038 

CI 0.012 

K,S04,free.. 

As 

Sb 

1.500 
0.003 
0.002 

Fe  as  ferrous i     1.511 

Zn 

0.033 

Feaa  ferric i     0.945 

MgO j     1.420 

SO, 

1 

17.004 

Se 

Trace 

gal.  (22,710,000  1.)  or  approximately  30,000  to  35,000  T.  of  such  solution 
on  hand  at  all  times  throughout  the  plant,  representing  a  tie-up  on  the 
average  of  some  900  T.  of  copper  and  500  T.  of  acid  (100  per  cent.).  Large 
as  this  may  appear  it  is  believed  that  it  will  not  equal 'the  quantity  of 
copper  that  is  tied  up  at  the  average  smelter  with  an  equal  production. 
The  free  acid  in  the  solution  going  through  the  ore  has  been  main- 
tained at  practically  a  constant  percentage  during  the  first  year,  but  on 
comparing  the  per  cent,  of  copper  in  the  tailings  of  charges  of  like  size  and 
equal  time  of  contact  with  the  solution,  wide  variations  are  noted.  No 
reason  could  be  found  for  many  of  these  variations. 
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To  determine  whether  the  copper  contents  of  the  tailings  in  the 
different  parts  of  a  tank  are  uniform,  several  tanks  were  sampled.  The 
results  on  two  of  these  tanks  are  shown.  Each  train-load  was  sampled 
separately.  The  tailings  were  sampled  by  taking  eight  8-oz.  (178  gm.) 
scoops  full  from  the  top  of  each  car  in  predetermined  places.  The  loca- 
tion in  the  cross-section  of  the  tank  from  which  the  different  samples  were 
drawn  was  recorded.  Since  there  was  a  difference  in  the  per  cent,  of  coarse 
and  fine  material  in  the  different  parts  of  the  tank,  the  amount  of  copper 
was  determined  only  in  the  tailings  between  3  and  4  mesh.  Figures  in 
parenthesis  are  the  cut  number,  while  the  others  give  the  per  cent. 
copper  in  the  samples  from  these  cuts. 

Charge  61,  Tank  6. — This  tank  was  charged  by  filling  one  side  to  the 
top  and  then  advancing  from  the  south  to  the  north  side,  as  shown 
below. 


North 


.20    (1)      .23    (4)       .20    (7) 
.21    (2)    ..19   (5)       .19   (8) 
.21    (3)      .19   (6)       .18   (9) 
19    (16)  .25    (17) 


.20      (10)  ' 

I — 

.21      (11)    /.28     (13) 
.20      (12)/  .34     (14) 


.23     (15) 


.23    (18)    .23  (19)      /  .33  (20) 


South 


Tank  charged,  March  10,  2.10  p.  m.  Solution  on,  March  10, 6.30  p.  m- 
Solution  off,  March  17,  4.00  a.  m.  Total  time  of  leaching,  6  days,  9hr., 
30  min.  Excavating  began,  5  p.  m.  Finished,  4.00  a.  m.  Time,  11  br. 
The  last  train-load  was  a  general  clean-up  of  the  floor  and  showed  0.20 
per  cent,  copper. 

COPPSB, 

Pkb  Ckmt. 

Average  of  above  21  train-loads,  4  mesh 0. 223 

Regular  tailings  sample,  4  mesh .  .• 0 . 24 

Regular  tailings  sample,  all  mesh 0 .  24 


SiBinff  Test, 
\Ie8h 


8 


10 


14 


TaiUngs 

On,  percent 23.80 

Cu,  percent '    0.44 


21.90 
0.24 


13.30 
0.15 


9.10 
0.14 


7.50 
0.14 


4.50 
0.15 


+20 


3.80 
0.14 


-JO 


16.10 
0.22 


Regular  head  sample,  per  cent,  copper 1 .  51 

Ck)pper  dissolved,  per  cent 84 . 1 
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Charge  127,  Tank  6. — The  tank  was  charged  by  filling  both  sides 
to  the  top  and  then  advancing  from  the  south  to  the  north  side,  as  shown 
in  the  following  diagram. 


North 


.27 
.28 
.27 


(1) 
(2) 


.23  (4)  \     .81  (7)     .24  (10)      .29    (18) 

.22  (5)  i     .27  (8)     ,25  (11)      ,87    (14) 

j  • . . 

{Sy    .23  (6)        .24  (9)     .23  (12)   j  .81    (16) 

X^^.2i   {22)  .22     (20)  .23(18)  r":25(l^ 

y<22     (25)      .21  (23)         .20  (21) 

.20   (24)  .25  (19) 


1 


.28(17) 


South 


Tank  charged,  May  14,  8.10  a.m.  Solution  on,  May  14,  11  p.  m. 
Solution  oflF,  May  21,  3.30  p.  m.  Total  time  of  leaching,  6  daya,  4  hr., 
30  min.  Excavating  began,  5.20  p.  m.  Finished,  3.30  a.  m.  Time, 
10  hr.  10  min. 


COPPBB, 

Pbb  Csnt. 


Average  of  25  train-loads,  assay  of  4-mesh  material 0. 25 

Regular  tailings  sample. , 0. 25 

Sizing  test  on  regular  sample,  4  mesh 0. 27 

Total  copper  calculated  from  sizing  test 0 .  25 


Suing  Test, 


ag  1  ei 
Mesh 


Heads 

On,  per  cent ^  19. 60 

Qi,  percent ,     1.29 


17.30 
1.30 


TaDings 

On,  percent 

Cu,  percent 


14.70  1  20.40 
0.38  I     0.27 


6 


15.00 
1.24 

14.60 
0.21 


8 


10.40 
1.27 

10.00 
0.18 


1 

10      1 

14 

+20 

7.60 

5.50 

4.20 

1.34 

1.43 

1.44 

8.40 

5.40 

4.40 

0.19 

0.19 

0.18 

-20 


20.40 
1.86 

22.10 
0.27 


R^ular  head  sample,  per  cent,  copper 

Calculated  copper  from  sizing  test,  per  cent,  copper 
Copper  dissolved,  per  cent 


1.36 

1.42 

81.60 


The  space  within  the  dotted  lines  represents  the  zone  of  highest  cir- 
culation and  hence  the  Qiost  intense  leaching  action.  The  close  agree- 
ment between  the  average  of  all  the  segregation  assays  and  that  of  the 
regular  tailings  sizing  test  on  similar  sized  material  indicates  consistent 
sampling.  This  is  fmther  emphasized  by  a  comparison  of  the  head 
sizing  test  (automatic  sample)  and  the  tailings  sizing  test,  which  is  a 
hand  sample. 
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Effect  of  Variation  in  Circulation 

Charges  were  run  with  various  rates  of  circulation,  but  no  decided 
effect  could  be  noted.  Samples  of  ore  taken  from  the  top  of  a  charge  at 
regular  intervals  showed  that  where  the  solution  had  free  access  to  the 
ore  only  3  days  were  required  to  dissolve  80  per  cent,  of  the  copper  in 
the  ore,  as  against  6  days  for  the  whole  charge.  These  results  and  others 
lead  to  the  belief  that  the  crushing  and  the  bedding  of  a  charge  so  as  to 
give  the  best  circulation  is  of  prime  importance.  In  other  words,  the 
greatest  care  should  be  exercised  in  bedding  and  in  regulating  the  circula- 
tion so  as  to  prevent  channeling  of  the  solution.  Upward  circulation 
was  selected  because  it  reduces  the  tendency  toward  channeling  and  also 
effects  more  rapid  solution  of  the  copper. 

Results  obtained  show  that  small  variations  in  the  density  have  no 
appreciable  effect  on  the  solubUity  of  copper  in  the  solution.  In  spite  of 
the  self-evident  fact  that  a  light  solution  is  a  more  active  lixiviant  than  a 
heavy  one,  a  certain  density  must  be  maintained  to  keep  the  remainder 
of  the  process  in  balance. 

At  the  beginning  of  operations  the  lead  lining  of  the  leaching  tanks 
was  exposed  to  the  channeling  of  the  ore  and  serious  abrasion  was  noticed. 
The  ore  buoyed  up  by  the  heavy  solution  circulating  at  a  high  rate  had 
completely  worn  through  the  lead  in  places.  This  condition  was  remedied 
by  lining  the  tanks  with  2  by  12-in.  (5  by  30  cm.)  planks  and  no  further 
trouble  has  been  experienced  from  this  source.  The  solution  was  pre- 
vented from  coming  up  between  the  plank  and  the  lead  lining  by  calking 
with  oakum  and  asphalt.  The  bottoms  of  the  leaching  tanks  are  lined 
with  4-per  cent,  antimonial  lead,  while  the  sides  are  of  chemical  lead. 
Some  trouble  was  at  first  experienced  from  splitting  at  the  seams,  between 
the  hard  and  soft  lead  lining.  This  was  caused  by  expansion,  contrac- 
tion, and  defective  burning.  These  seams  were  repaired  and  no  further 
trouble  was  experienced.  There  were  no  important  changes  made  either 
in  the  equipment  or  operation  of  the  leaching  division.  The  only 
change  of  interest  was  the  reduction  in  the  time  of  leaching  from  the 
original  8-day  period  to  that  of  6  to  7  days. 


Water  Supply 

At  the  time  the  property  was  taken  over,  the  nearest  known  water 
supply  in  sufficient  quantity  for  our  purpose  was  the  Gila  Eiver,  some  45 
mi.  (72.42  km.)  to  the  north.  The  development  of  a  closer  water  supply 
was  one  of  the  important  problems  to  be  solved.  A  large  valley  about  8 
mi.  (12.875  km.)  northeast  of  Ajo  was  selected  as  a  likely  place  and  two 
weUs  were  drilled.    In  both  water  was  found  at  a  depth  of  about  600  ft. 
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(182  m.)  having  a  temperature  of  104**  F.  At  one  of  these  places  a  two- 
compartment  shaft  was  put  down  and  a  modern  pumping  plant  installed. 
This  shaft  is  now  delivering  800,000  to  1,000,000  gal.  (3,028,000  to 
3,785,000  1.)  of  water  per  day,  without  any  sign  of  decrease  in  volume. 
The  pumping  installation  consists  of  a  duplex  double-acting  high-pres- 
sure pump  driven  by  a  direct-connected  synchronous  motor.  The  water 
is  pumped  6.7  mi.  (10.7  km.)  through  a  10-in.  (25  cm.)  iron  pipe  line 
against  a  1375-ft.  (419  m.)  head,  including  friction. 

The  sinking  of  another  well,  about  a  year  later,  by  a  rancher,  some  6 
mi.  east  of  Ajo  and  about  12  mi.  from  the  present  well,  proved  the  ex- 
tent of  the  water  course.  The  water  found  was  of  practically  the  same 
temperature  and  analysis.  This  made  reasonably  certain  a  continuous 
and  plentiful  supply.  In  this  connection  a  comparison  of  the  analyses  of 
the  water  at  these  wells  will  be  of  interest.  The  analyses  were  made  ac- 
cording to  a  well-known  method  of  boiler-water  analysis  and  are  therefore 
comparable,  see  Table  14.    Samples  1  and  2  were  taken  during  develop- 


Table  14. — Analyses  of  Water  in  Grains  per  U.  S.  GaUon 


Sample  1 
4-16-14 


Sample  2 
&-18-16 


Sample  3 
11-16-16 


Sample  4 
4-16-18 


Sample  5 
3-2(>-17 


SiOs,  insoluble. 
FeiO,  +  lAliO, 

CaCX), 

CaSO^ 

CaQ, 

MgCO, 

MgS04 

MgQ, 

Na,CO, 

NaS04....*.... 
NaQ 


3.90 

2.71 

2.28 

2.52 

0.17 

an 

1.14 

0.05 

3.00 

2.20 

1.95 

1.90 

none 

none 

none 

none 

none 

none 

none 

none 

0.73 

0.71 

0.84 

0.80 

none 

none 

none 

none 

none 

none 

none 

none 

4.34 

4.21 

4.95 

5.04 

8.52 

7.78 

7.70 

7.66 

16.93 

16.76 

19.30 

14.83 

2.22 
0.37 
2.10 
none 
none 
1.13 
none 
none 
4.71 
8.99 
19.11 


ment  of  the  present  supply.  The  analyses  were  made  in  the  Calumet 
A  Arizona  laboratory,  Bisbee,  Ariz.  Sample  3  was  taken  from  plant 
tap  near  the  end  of  the  construction  period,  after  pumping  approximately 
100,000^000  gal.  from  the  well;  sample  4  was  taken  after  pumping  ap- 
proximately 400,000,000  gal.,  and  sample  5  is  water  from  the  ranch  well 
southeast  of  Ajo.  The  water  from  our  main  well  is  used  for  all  purposes, 
including  leaching  plant,  mine,  railroad,  and  townsite.  The  great  depth 
of  the  well  and  its  distance  from  any  possible  sources  of  contamination 
make  it  an  unusually  good  potable  water.  Further  drifting  in  the  present 
well  would  no  doubt  increase  the  flow  should  more  water  be  required. 
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Reduction 

In  the  electro-deposition  of  copper  from  a  sulfuric-acid  solution,  iron 
if  present  will  consume  electric  energy,  by  its  alternate  oxidation  and 
reduction,  thereby  reducing  the  quantity  ci  copper  deposited  per  unit 
of  current.  During  the  experimental  work  the  control  of  the  ferric  iron 
proved  one  of  the  hardest  problems  to  solve.  A  patent  diaphragm-anode 
was  tried  and  gave  good  results,  but  was  cumbersome  and  difficult  to 
keep  in  order.  Later,  tests  made  on  a  process  in  which  iron  and  alumina 
were  precipitated  as  hydrated  oxides  by  the  addition  of  roasted  copper 
ores  gave  good  results.  This  method  was  considered  too  complicated 
for  an  ore  of  this  character.  The  idea  was  then  suggested  of  using  the 
natural  oxides  and  carbonates  in  the  ore  itself  as  the  precipitant  of  tlie 
ferric  sulfate;  in  other  words,  the  precipitation  of  the  principal  impurities 
in  the  solutions  upon  the  charge  itself.  Early  tests  made  on  a  Einall 
scale  were  very  promising,  but  tests  carried  out  later  on  a  larger  scale 
failed  to  give  the  desired  results.  For  the  first  15  or  20  days,  the  copper 
in  the  newest  charge  of  ore  was  sufficient  to  precipitate  all  the  ferric  iron 
that  was  contained  in  the  solution  passing  through  the  ore.  However, 
as  the  acid  concentration  on  each  charge  increased,  the  precipitated  fer- 
ric iron  was  redissolved  and  eventually  accumulated  to  such  an  extent 
that  the  iron  in  the  solution  was  in  excess  of  the  copper  available  as  a 
precipitant. 

Use  of  Sulfur  Dioxide 

It  was  now  decided  to  resort  to  SO2  reduction.  The  general  opinion 
was  that  this  was  both  unsatisfactory  and  difficult.  This  proved  to  be 
the  case  in  solutions  decidedly  acid,  but  in  the  case  where  -neutral  or 
slightly  acid  solutions  were  used  reduction  proved  quite  easy.  For  these 
tests  elemental  sulfur  was  used,  as  it  was  believed  that  a  gas  with  the 
maximum  percentage  of  SO2  was  most  essential  and  that  a  rich  gas  could 
only  be  produced  by  burning  elemental  sulfur.  Owing  to  lack  of  knowl- 
edge of  the  operation  of  sulfur  burners  considerable  trouble  was  expen- 
enced  from  volatilizing  sulfur. 

In  the  sulfite-pulp  industry  large  quantities  of  sulfur  gas  are  pro- 
duced and  absorbed,  and  accordingly  the  method  of  producing  and  ab- 
sorbing the  gas  used  in  that  industry  was  investigated.  It  was  found 
that  similar  trouble  from  volatilized  sulfur  was  experienced  when  making 
a  gas  containing  above  12  per  cent,  of  sulfur  dioxide  from  elemental  sulfur. 
It  was  also  found  that  at  some  plants  pyrites  were  used  and  that  under 
proper  conditions  a  gas  of  12  per  cent.  SOj  could  be  produced.  The 
only  objection  in  the  |sulfite-pulp  industry  to  the  use  of  pyrites  was  Uic 
tendency  of  small  calcined  particles  to  be  carried  into  the  solution  and 
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thence  into  the  pulp.  Upon  investigation  it  was  decided  to  make  use  of 
the  cheap  and  abundant  supply  of  the  high-sulfur  low-copper  ores  of  the 
Bisbee  district. 

The  ore,  some  75  T.  per  day,  is  unloaded  from  a  trestle  on  a  stock 
pHe,  underneath  which  there  is  a  tunnel  provided  with  a  24-in.  (60.9  cm.) 
belt  conveyor.  The  conveyor  delivera  the  ore  to  a  13  by  20-in.  (33  by 
50.4  cm.)  Blake  jaw  crusher,  thence  to  a  vertical-shaft  48-in.  S3anons 
disk  crusher,  giving  a  final  product  of  about  3  mesh.  A  bucket  elevator 
and  a  20-in.  conveyor  equipped  with  automatic  tripper  delivers  this 
crushed  ore  to  eight  hoppers  situated  above  four  Wedge  roasters.  These 
roasters  are  22  ft.  6  in.  in  diameter,  have  seven  hearths,  and  are  belt- 
driven  by  l^i-hp.  motors. 

The  gas  leaving  the  roasters  passes  through  a  short  balloon  flue  to  a 
Cottrell  precipitator,  where  the  gas  is  cleaned  of  dust  before  it  enters  the 
spray  or  cooling  chamber.  The  precipitator  has  forty-eight  13-in.  collector 
tub^  and  a  65,000-volt  circuit  is  used.  At  the  beginning  of  operations, 
the  gas  cooled  to  such  an  extent  before  reaching  the  precipitator  that  sul- 
furic acid  vapor  present  was  condensed  and  prevented  efficient  precipita- 
tion. Insulating  both  the  balloon  flue  and  the  precipitator  with  magnesia 
covering  and  cement  remedied  this  condition.  The  gas,  now  practically 
clean,  enters  a  larg^  sheet-lead  chamber  locally  called  the  cooling  chamber. 
This  chamber  is  14  ft.  (4.2  m.)  square,  94  ft.  (286  m.)  long,  and  is  built 
of  8  lb.  (3.6  kg.)  lead  supported  on  a  wooden  framework.  There  are  38 
nozzles  distributed  over  the  top  and  sides  through  which  ''neutral  ad- 
vance" is  sprayed  to  cool  the  gas  before  it  enters  the  towers.  Between 
90  and  100  gal.  (340  and  378  1.)  of  solution  per  min.  are  required  to  sup- 
ply these  sprays.  The  ferric  iron  in  the  solution  used  in  cooling  the  gas 
is  practically  all  reduced  and  the  solution  joins  that  coming  from  the 
towers.  The  temperature  of  the  gas  in  its  passage  through  the  ^ray 
chamber  is  reduced  from  600  to  150°  F.  A  flue,  20  ft.  (6  m.)  long  and  6  ft. 
(1.8  m.)  square,  connects  the  spray  chamber  with  the  bottom  of  the  first 
pair  of  towers,  dividing  the  gas  equally  between  them. 

There  are  six  towers  arranged  in  pairs.  Two  pairs  of  the  towers  are 
part  of  the  original  equipment  and  are  40  ft.  (12  m.)  high  and  20  ft.  in 
diameter.  -  These  are  built  of  sheet  lead,  supported  on  a  steel  framework. 
The  top  10  ft.  is  made  of  8-lb.  lead,  the  second  10  ft.  of  10-lb.  lead,  and 
the  bottom  20  ft.  of  12-lb.  lead.  The  other  pair,  built  during  February, 
1918,  are  28  ft.  (8.5  m.)  in  diameter,  40  ft.  (12  m.)  high,  and  are  built  of 
ordinary  redwood  tank  construction,  hooped  together  with  iron  rods. 
As  an  additional  precaution  against  gas  leakage,  the  wooden  towers  are 
painted  with  asphalt  and  covered  with  three-ply  roofing  paper  under  the 
hoops.  The  towers  rest  upon  a  reinforced  concrete  base,  provided  with 
a  lead  pan.  AU  towers  are  filled  with  boards  %  in.  (9.5  mm.)  thick, 
11  in.  (32.9  cm.)  wide,  and  placed  on  edge,  the  width  of  a  board  apart, 
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and  in  layers.  Each  layer  is  laid  at  right  angles  to  the  one  immediatdy 
below  it.  The  solution  is  distributed  over  the  top  of  the  towers  by  a 
system  of  launders  provided  with  gas  seals.  Between  the  second  and 
third  pair  of  towers  is  a  60-in.  (152  cm.)  lead  fan.  This  fan  draws  the 
gas  from  the  roasters  through  the  Cottrell  precipitator,  spray  chamber, 
and  third  set  of  towers,  and  forces  it  through  the  second  and  first  sets 
to  the  atmosphere.  The  temperature  of  the  escaping  gas  is  that  of  the 
atmosphere. 

The  solution  (or  neutral  advance)  to  be  reduced  travels  counter- 
current  to  the  flow  of  gas,  that  is,  the  most  reduced  solution  comes  in 
contact  with  the  strongest  gas.  The  solution  coming  from  the  newest 
tank  of  ore  is  pumped  to  the  top  of  the  third  pair  of  towers  by  a  9-in, 
(21.8  cm.)  1600-gal.  (6056  1.)  per  min.  centrifugal  pump.  These  are  of 
the  Antisell  type  and  work  against  a  70-ft.  head.  The  solution  distrib- 
uted by  launders  and  gas  seals  flows  down  over  the  filling,  thus  coming 
into  intimate  contact  with  the  rising  gas.  At  the  bottom  of  each  pair  of 
towers  there  is  a  concrete  lead-lined  sump,  6  ft.  deep  and  50  ft.  long,  int^ 
which  the  solution  flows  and  is  then  pumped  through  the  next  pair  of 
towers.  From  the  first  pair  of  towers  the  solution  is  pumped  to  the 
second  pair,  then  to  the  third  pair,  and  then  to  the  so-called  settling 
tank  whence  it  goes  to  the  tank  house.  The  purpose  of  this  settling 
tank  is  two-fold:  one,  to  settle  out  the  slime;  the  other,  to  get  the  benefit 
of  the  additional  reduction  that  was  found  to  take  place  in  a  neutral 
or  slightly  acid  solution  on  standing.  That  the  reduction  of  ferric 
iron  in  solution  continues  for  some  time  after  leaving  the  towers  was  fiist 
pointed  out  by  G.  D.  Van  Arsdale,  who  observed  it  during  his  work  with 
SOs  gas  as  a  reducing  agent. 

Table  15. — Reduction  Data  for  First  Year  and  for  March,  1918 

1917-1918        Mabch,  191S 

Average  tons  of  sulfide  ore  roasted  per  day. . . 

Average  per  cent,  sulfur  in  ore 

Average  per  cent,  sulfur  in  calcines 

Average  roasters  in  operation 

Average  per  cent,  ferric  iron  in  solution  enter- 
ing towers 1 .06  0.79 

Average  per  cent,  ferric  iron  in  solution  leaving 
towers 0.46  0.17 

Average  per  cent,  ferric  iron  in  solution  entering 
tank  house 

Average  per  cent,  ferric  iron  reduced 

Average  per  cent,  of  total  iron  reduced ' 

Average  circulation  through  towers,  gal.  per 
min 1005  1324 

Average  specific  gravity  of  solution  through 
towers 1 .344  1 .305 


68.5 

75.6 

42.7 

42.6 

7.1 

6.0 

3.6 

4.0 

0.45 

0.10 

0.61 

0.69 

57.8 

87.3 
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Average  per  cent,  total  iron  in  solution  through 

towers 

Average  per  cent,  sulfur  dioxide  by  volume  in 

gas  entering  towers 

Average  percent,  sulfur  dioxide  by  volume  in 

gas  leaving  towers 

Pounds  of  sulfur,  consumed  per  pound  of  ferric 

iron  reduced 

Average  tons  of  new  acid  produced  per  day 

(estimated) 

Average  free  acid  in  solution  entering  towers . . . 
Average  free  acid  in  solution  leaving  towers 


2.36 

•     2.40 

8.1 

9.9 

1.9 

0.8 

0.57 

0.40 

38.3 

66.3 

0.37 

0.48 

1.64 

1.70 

A  summary  of  the  reduction  data  for  the  first  year  of  operation  and 
for  March,  1918,  is  given  in  Table  15.  The  successful  operation  of  the 
electrolytic  plant  depends,  to  a  large  extent,  on  the  operation  of  the 
reduction  plant.  The  reduction  plant  should  be  so  designed  that  it  will 
be  capable  of  reducing  more  ferric  iron  than  will  be  oxidized  during  the 
deposition  in  the  tank  house  of  the  maximum  quantity  of  copper.  The 
less  ferric  iron  there  is  in  the  electrolyte  the  higher  will  be  the  current 
efficiency.  From  the  data  obtained  during  the  experimental  work, 
only  50  per  cent,  of  the  theoretical  tank-house  oxidation  took  place. 
Based  on  these  calculations,  only  four  reduction  towers  were  built.  Af t^r 
the  plant  had  been  in  operation  a  while  it  was  found  that  the  oxidation 
in  the  tank  house  was  more  nearly  70  per  cent,  of  the  theoretical  and  that 
four  towers  were  insufficient  to  meet  the  conditions  that  would  be 
imposed  upon  them  by  maximum  tank-house  capacity.  Two  more 
towers  with  a  combined  capacity  of  those  already  in  use  were  then 
constructed. 

To  show  the  relative  reduction  in  the  various  towers,  an  average  was 
made  of  the  solution  analyses  in  and  out  of  each  tower  for  a  period 
extending  over  one  month;  see  Table  16.  These  results  show  the  highest 
reduction  taking  place  in  the  solution  coming  in  contact  with  the  gas 


Table  16. — Analyses  of  Solution  In  and  Out  of  Reduction  Towers 


FerrouB  Iron, 
Per  Cent. 


Ferric  Iron, 
Per  Cent. 


Totol 

Reduction, 

Per  Cent. 


Neutral  advance  entering  towers 

Solution  leaving  first  pair  of  towers. . . 
Solution  leaving  second  pair  of  towers. 
Solution  leaving  third  pair  of  towers. . 
Solution  leaving  settling  tank 


49.5 

27.5 

16.0 

7.0 
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containing  the  lowest  per  cent,  of  SOs.  This  is  partly  due  to  the  facts 
that  the  solution  entering  the  first  set  of  towers  contains  the  lowest  per 
cent,  of  free  acid  and  the  highest  ferric  iron  content,  and  that  these  towers 
have  the  largest  capacity.  It  is  evident  that  the  lower  the  density  of 
the  solution,  the  better  will  be  the  absorption  and  subsequent  reduction. 
The  lowering  of  the  density  is  limited,  however,  by  the  operation  of  the 
remainder  of  the  process;  but  it  is  believed  that  this  fact  should  be  con- 
sidered as  an  important  point  in  the  operation  of  the  towers. 

It  is  of  interest  to  note  that  during  the  first  year  33  per  cent,  of  the 
total  acid  required  in  dissolving  the  copper  content  of  the  ore  is  produced 
in  the  reduction  towers  according  to  the  reaction: 

Fej  (SOOs  +  SO2  +  2  H2O  ->  2  FeS04  +  2  H2SO4 

This,  however,  represents  an  increase  of  only  1.2  per  cent,  free  sul- 
furic acid  in  the  solution  through  the  towers. 

Electrolytic  Deposition 

The  electrolytic  tanks  are  housed  in  a  structural  steel  building,  166  ft. 
(50  m.)  wide  and  280  ft.  (85  m.)  long,  having  sides  only  partly  enclosed 
to  give  good  ventilation.  The  operating  floor  is  about  15  in.  below  the 
top  of  the  electrolytic  tanks.  The  floor  in  the  aisles  is  of  wood  grating 
with  the  exception  of  the  reinforced-concrete  center  aisle.  The  floors 
at  the  ends  of  the  building  are  planks  placed  at  the  same  level  as  those 
of  the  aisles.  The  electrolytic  tanks  are  all  on  the  same  level,  none  in 
<:ascade. 

The  cellar,  which  is  open  on  all  sides,  had  an  asphalt  floor  draining 
to  gutters  that  lead  to  a  sump  at  each  end  of  the  building.  There  is 
8  ft.  of  headroom  throughout  the  cellar  to  permit  regular  inspection  of 
tanks,  piping,  and  feed-wires. 

The  electrolytic  tanks  are  arranged  in  banks  with  aisles  betwe^ 
There  are  12  banks  of  10  tanks  each  and  4  banks  of  8  tanks  each,  making 
a  total  of  152  tanks.  Each  tank  is  separated  from  the  adjacent  tank  by 
a  3-in.  (76.2  nun.)  air  space.  All  tanks  are  made  of  Oregon  pine,  lined 
with  7  lb.  (3  kg.)  chemical  lead.  The  inside  dimensions  of  the  tanks  ai^ 
29  ft.  7  in.  (9  m.)  long,  4  ft.  9  in.  (1.4  m.)  wide,  and  4  ft.  3  in.  (1.3  m.)  deep. 
These  tanks  are  supported  on  concrete  columns,  and  are  insulated  by  tile 
blocks  covered  with  sheet-lead  caps.  Each  tank  is  provided  with  & 
4-in.  clean-out  plug.  There  are  also  two  perforated  lead  diaphragms, 
one  at  each  end  of  the  tanks,  to  assure  a  uniform  circulation.  The  inlet 
to  each  tank  is  fitted  with  a  33^^-in.  diaphragm  valve  and  a  3J^-in.  ^axed 
stoneware  goose-neck  for  insulating  purposes.  At  the  outlet  end  there 
is  a  lead  overflow  pan  fitted  with  a  4-in.  tile  pipe  suspended  in  a  10-u[l 
lead  boot  connected  to  the  discharge  pipe. 
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Lead  Anodes 

Each  tank  has  84  anodes,  making  a  total  of  12,768  in  the  tank  house. 
The  anodes  are  of  lead  containing  3.5  per  cent,  antimony.  The  average 
weight  of  a  lead  anode  is  216  lb.  (97  kg.).  They  are  40  by  51  by  J^  in. 
(101.6  by  129.5  cm.  by  6.3  mm.)  tiiick/and  are  suspended  by  two  ^  by 
1^-in.  copper  bars  secured  to  the  tops  of  the  anodes.  The  submerged 
surface  of  all  anodes  is  41  by  41  in.  The  spacing  of  anodes  is  4)4  ft. 
on  centers.  The  distance  from  the  bottom  of  an  anode  to  the  bottom  of 
the  tank  is  8  in.,  while  that  of  the  cathode  is  7  in.  Short  circuits  are 
prevented  to  some  extent  by  providing  the  anodes  with  eight  conical 
glased  porcelain  insulators  distributed  over  the  anode  faces. 

Much  doubt  was  expressed  about  the  life  of  the  lead  anode  and  some 
very  positive  statements  were  made  regarding  their  probable  length  of 
life.  Continuous  service  extending  for  over  1  year  has  failed  to  show 
appreciable  oxidation.  To  obtain  definite  figures  on  the  disintegration 
of  lead  anodes  operating  under  such  conditions  as  these,  nine  new  anodes 
were  carefully  marked,  weighed,  and  put  into  operation.  These  have 
been  taken  out  at  various  times,  weighed,  and  examined.  During  the 
first  period  of  operation  of  70  days,  these  anodes  showed  an  increase  in 
weight,  due  to  oxidation,  of  about  0.94  lb.  (0.42  kg.)  per  anode,  or  about 
0.44  per  cent,  of  the  total  weight.  This  amounted  to  36  lb.  (16  kg.) 
of  lead  per  ton  of  copper  deposited.  During  the  second  period  of  42 
days,  there  was  an  apparent  loss  in  weight  of  lead;  while  during  the 
third  period,  there  was  no  change  in  weight  within  the  limit  of  error  in 
weighing.  Basing  calculations  on  these  figures,  it  is  evident  that  the 
oxidation  of  anodes  will  not  be  an  important  factor. 

Previous  to  our  40-ton  tests,  little  appeared  to  be  known  regarding 
the  action  of  chlorine  on  lead  anodes  and  much  doubt  was  expressed  as 
to  the  effect  of  small  amounts  of  chlorine  in  a  sulfate  electrolyte.  The 
water  that  was  used  in  the  40-ton  plant  contained  only  about  one-third 
of  the  amount  of  chlorine  that  is  present  in  the  water  used  in  the  5000-ton 
plant.  Something  over  183,000  lb.  of  electrolytic  copper  analyzing 
99.73  per  cent,  copper  and  0.042  per  cent,  chlorine  were  produced  in  the 
40-ton  plant,  and  when  checking  back  on  the  chlorine  introduced  into 
the  i^ystem,  it  appeared  that  about  65  per  cent,  of  it  was  deposited  with 
the  copper.  Such  also  proved  to  be  the  case  in  the  5000-ton  plant.  The 
water  used  for  all  purposes  at  the  plant  averages  0.015  per  cent,  total 
chlorine.  When  starting  up  the  plant  and  making  up  leach  solution, 
the  chlorine  content  of  the  solution  gradually  increased  from  0.015  to 
0.021  per  cent,  when  the  electrolytic  tank  house  started  operations, 
then  decreased  until  it  reached  about  0.010  per  cent,  where  it  appears 
to  be  constant. 
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Cathodes  and  Starting  Sheets 

There  are  77  cathodes  to  a  tank,  or  9779  cathodes  in  the  tank  house, 
exclusive  of  starting-sheet  blanks.  The  cathodes  are  42  in.  (106  cm.) 
square  and  are  totally  submerged.  They  are  suspended  upon  J^  by 
IJi-in.  (12.7  by  31.7  nmi.)  copper  bars  by  loops  made  from  starting 
sheets.  The  original  starting  sheets  weighed  about  15  to  18  lb.  (6  to  8 
kg.)  while  the  finished  cathodes  weigh  130  to  140  lb.  (58  to  63  kg.).  At 
the  present  time  127  tanks  are  used  for  making  cathodes  and  about  14 
to  16  days  are  required  to  produce  cathodes  of  the  desired  weight. 

Crane  service  is  provided  by  two  80-ft.  (24  m.)  span  5-ton  Shaw 
cranes,  operating  the  length  of  the  building,  each  serving  one-half  of  the 
electrolytic  tanks.  One  section  of  11  cathodes  is  removed  at  a  time 
and  carried  to  the  center  aisle,  where  they  are  washed  with  hot  water  to 
remove  the  salts  and  soluble  copper.  They  are  then  landed  on  an  iron 
frame  to  facilitate  the  hand  trucking  to  the  freight  cars.  Each  car 
is  sampled  by  drilling  every  twentieth  cathode  in  the  center  and  in  diag- 
onally opposite  corners.  All  electrolytic  copper,  whether  cathode  or 
scrap,  is  shipped  to  the  Raritan  Copper  Works  at  Perth  Amboy,  N.  J., 
where  it  is  melted,  brought  up  to  pitch,  and  cast  into  commercial  shapes. 

The  cathodes  produced  have  varied  from  99.15  to  99.85  per  cent,  in 
copper  content,  the  impurities  being  principally  slimes,  held  by  mechan- 
ical entan^ement.  The  greater  the  density  of  the  electrolyte,  the  lower 
is  the  copper  content  in  the  cathodes  and  the  greater  the  insoluble  matter, 
iron,  and  alumina.  The  cathodes  always  contain  more  or  less  chlorine, 
varying  from  0.05  to  0.35  per  cent.  There  being  no  arsenic  or  antimony 
in  the  ore,  and  very  little  in  the  acid,  the  average  arsenic  content  of  the 
anodes  is  less  than  0.0015  and  the  antimony  less  than  0.0005  per  cent. 

There  are  25  tanks  operating  on  starting  sheets,  each  tank  containing 
77  starting  blanks,  or  a  total  of  1925  blanks.  These  are  located  in  the 
eight-tank  banks  at  the  north  end  of  the  building.  The  starting  blanks 
are  of  rolled  3.5  per  cent,  antimonial  lead  53  by  43  by  J^-in.  (134.6  by 
109  cm.  by  6.3  mm.)  and  are  large  enough  to  allow  a  small  amount  of  trim- 
ming, which  is  done  with  a  squaring  shear.  Grooved  redwood  sticks 
are  used  at  the  edge  and  bottom  of  the  blank  to  cut  the  sheet  to  facilitate 
stripping,  and  are  found  to  be  satisfactory.  The  anodes  in  these  tanks 
are  3.6  per  cent,  antimonial  lead,  and  are  41  by  52  by  }^i  inches.  They 
do  not  have  porcelain  insulators,  as  these  tend  to  spot  the  starting  sheets. 
The  spacing  of  anodes  in  these  tanks  is  the  same  as  in  the  commercial 
tanks.     The  tank  construction  and  other  details  are  likewise  similar. 

Eleven  blanks  are  handled  at  one  time  by  the  crane,  and  placed  on  an 
iron  stripping  rack  provided  with  a  crawl  so  that  the  blanks  can  be  car- 
ried, one  at  a  time,  to  the  center  of  the  rack,  where  the  starting  sheets  are 
removed  by  two  strippers,  one  stripping  from  each  side.    After  stripping. 
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the  blanks  are  oiled  and  placed  on  the  opposite  end  of  the  rack  to  be 
returned  by  the  crane  to  the  tanks.  Four  men  will  strip,  under  favor- 
able conditions,  924  sheets  in  5  hr.  The  starting  sheets,  after  being 
stripped  and  trimmed,  are  looped  on  a  standard  Morrow  machine. 

The  electrodes  hang  parallel  to  the  flow  of  solution  (or  parallel  to  the 
length  of  the  tanks)  to  give  a  free  circulation  of  the  electrolyte.  This 
method  of  hanging  the  electrodes  was  first  brought  to  our  attention  by 
the  work  done  at  the  Butte  and  Duluth  works. 


Electric  Arrangement 

Alternate  busbars  extending  across  the  tanks  connect  the  electrodes 
in  parallel  and  the  tanks  in  series  (see  illustration).    These  busbars, 
placed  across  the  tank,  divide  it  into  seven  sections  or  cells.    The  inter- 
mediate busbars  are  1^  in.  (38  mm.)  wide  and  4  in.  (101.6  mm.)  deep, 
while  the  end  busbars  are  1  in.  wide  and  4  in.  deep.    Soldered  along  the 
top  of  each  busbar  is  a  triangular  piece  of  copper,  ^^  in.  high,  giving  a 
point  contact  to  the  electrode  bars.    Small  maple  blocks  impregnated 
with  linseed  oil  insulate  cathpdes  and  anodes  from  opposite  busbars. 
These  busbars  are  supported  on  insulated  iron  castings,  which  in  turn 
rest  on  the  tank  cleats.    The  current  for  the  deposition  of  the  copper  is 
supplied  to  the  tank  house  by  two  identical  15,000-amp.  circuits,  each 
circuit  having  76  tanks  in  series.     This  arrangement  gives  the  maximum 
current  density  of  8  amp.  per  sq.  ft.  of  cathode  surface  when  operating 
under  normal  conditions.    With  an  average  current  efficiency  of  80  per 
cent,  this  means  a  daily  gain  of  about  10.25  lb.  (4.6  kg.)  per  cathode, 
or  a  total  capacity  of  120,000  lb.  of  electrolytic  copper  per  day.    The 
drop  of  potential  between  anodes  and  cathodes  has  averaged  very  close 
to  2.00  volts.    There  is  a  tendency  lor  the  voltage  to  drop  during  the 
summer  due  to  increase  in  temperature  of  the  electrolyte. 


Electrolyte 

The  solution  flow  in  the  tank  house  is  part  of  a  closed  circuit  with  the 
leaching  and  reduction  plant,  receiving  a  continuous  flow  of  solution 
from  them.  This  flow,  coming  always  off  the  newest  ore,  then  through 
the  towers  and  settler,  is  regulated  by  means  of  weirs  and  has  varied 
from  800  to  1500  gal.  (3028  to  5677  1.)  per  min.,  depending  on  operating 
conditions.  This  volume  is  divided  among  the  16  banks  of  tanks,  those 
on  starting  sheets  getting  generally  a  little  more  than  those  on  cathodes. 
By  this  arrangement  each  bank  of  tanks  on  cathodes  receives  between 
60  and  70  gal.  per  min.  of  reduced  solution.     Each  bank  unit  consists  of 
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either  8  or  10  tanks,  a  sump,  and  a  9-in.  (22.8-cm.)  vertical  tjrpe  centrif- 
ugal pump  of  1600  gal.  per  min.  capacity.  Each  bank  has  an  individual 
circulation  of  1600  gal.  per  min.  between  it  and  the  sump,  while  an  over- 
flow arrangement  provides  for  the  return  of  such  a  portion  of  the  electro- 
lyte as  is  equivalent  to  reduced  solution  added.  Daily  analyses  are 
made  of  the  solution  entering  and  leaving  the  tank  house.  Since  the 
operating  conditions  for  the  month  of  March  were  more  nearly  uniform 
for  the  plant  as  a  whole,  the  analyses  of  the  solution  for  this  period  is 
given  in  Table  17.  The  specific  gravity  of  the  solution  to  the  tank  house 
(neutral  advance)  is  1.310  and  of  the  solution  from  the  tank  house  (acid 
advance)  is  1.305. 

The  current  efficiency  depends  on  the  quantity  of  ferric  sulfate  pres- 
ent, due  to  the  reaction  between  ferric  sulfate  and  metallic  copper. 
The  ferric  iron  content  in  the  solution  is  kept  as  low  as  possible  and  the 
conditions  shown  are  as  good  as  can  be  expected.  No  doubt  with  a 
smaller  quantity  of  total  iron  present  in  the  solution  less  would  be  oxi- 
dized, and  it  was  recommended  that  the  total  iron  be  kept  below  2  per 
cent.  With  the  total  iron  not  over  2  per  cent.,  the  ferric  iron  in  the  elec- 
trolyte will  probably  not  exceed  0.5  per  cent.,  the  current  efficiency  will 
be  increased,  and  more  acid  will  be  regenerated. 


Table   17. — Analyses  of  Solution  Entering  and  Leaving  Tank  House 


Solution  to 

Tank  House 

Neutral 

Advanoe, 

Per  Cent. 


Cu. 

Fe  (ferrous) 
Fe  (ferric).. 
Fe  (total)  . 

A1,0, 

MgO 


Solution 

from  Tank 

House  Acid 

Advance, 

Per  Cent. 


2.985 

2.513 

2.315 

1.660 

0.085 

0.745 

2.400 

2.405 

2.470 

2.465 

1.360 

1.360 

Solution  to 

Tank  House 

Neutral 

Advance, 

Percent. 


MnO 

CaO 

P.O. 

CI 

H2SO4,  free. 


0.040 

0.060 

0.130 

0.0123 

1.70 


Solution 

from  Tank 

House  Add 

AdvaneSt 

Percent. 


0.040 

0.062 

0.130 

0.0110 

2.10 


At  the  beginning  of  operations  in  the  tank  house,  a  great  deal  of  diffi- 
culty was  encountered  by  the  dropping  of  cathodes  in  the  electrolytic 
tanks,  due  principally  to  the  corrosive  action  of  the  ferric  sulfate  on  the 
loops  at  the  solution  level,  and  on  that  part  of  the  cathode  covered  by 
the  ends  of  the  loops.  Corrosion  at  the  solution  line  was  easily  remedied 
by  raising  and  lowering  the  solution  level  in  the  electroljrtic  tanks,  but 
the  corrosion  of  the  cathode  sheet  between  the  loop  ends  was  far  more 
difficult  to  overcome.  Later  this  condition  became  worse  with  the  in- 
crease in  the  ferric  iron  and  higher  temperature  of  the  electrolyte.    The 
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dropping  of  cathodes  not  only  caused  bad  short  circuits  in  the  tanks 
but  made  it  necessary,  when  pulling  cathodes  for  shipment,  to  pull 
individual  sheets  with  tongs,  which  made  it  almost  impossible  to  handle 
the  daily  output  of  cathodes.  Considerable  damage  was  also  done  to 
the  lead  lining  of  the  tanks  and  the  danger  from  accidents  was  more 
than  usual.  Numerous  schemes  to  overcome  this  difficulty  were  sug- 
gested and  tried,  until  it  was  found  that  by  splitting  the  ends  of  the 
loop  and  attaching  them  with  a  Morrow  machine  in  such  a  manner  that 
the  portion  of  the  starting  sheet  adjacent  to  the  loop  was  exposed  to  the 
deposition  of  copper,  not  only  the  loop,  but  also  the  sheet  built  up, 
making  a  good  firm  joint.  Since  the  adoption  of  this  method  no  further 
trouble  has.  been  experienced  with  dropping  sheets.  Patents  have  been 
applied  for  and  flowed  covering  this  improved  loop. 

The  average  weight  of  copper  per  kw.  hr.,  gross  a.  c,  for  the  first  year 
was  0.70  lb.  (0.3  kg.).  It  is  expected  that  it  will  be  increased  to  0.80  lb. 
for  the  coming  year. 

Since  the  oxidation  of  the  ferrous  sulfate  diverts  oxygen  from  the  for- 
mation of  acid,  the  actual  acid  regenerated  is  only  about  65  to  70  per 
cent,  of  the  theoretical.  This  again  shows  the  importance  of  keeping 
down  the  oxidation  to  the  minimum.  This  could  be  done  by  increasing 
the  flow  of  solution  through  the  tank  house  to  the  permissible  limit,  or 
by  reducing  the  quantity  of  total  iron  in  the  solution. 

It  was  originally  recommended  that  the  electrolyte  be  filtered  before 
entering  the  tank  house,  with  the  idea  that  a  purer  electrolyte  would 
give  better  cathodes  and  starting  sheets;  this  was  not  done.  During  the 
first  6  or  7  mo.  the  solution  coming  oflF  the  ore  went  directly  to  and 
through  the  tower  into  the  tank  house.  As  the  density  of  the  solution  in- 
creased more  slime  was  carried  from  the  leaching  tanks  to  the  tank  house 
and  the  quality  of  the  copper  produced  deteriorated.  During  Novem- 
ber it  was  decided  to  settle  the  solution  and  one  of  the  leaching  tanks  was 
converted  for  this  purpose.  This  settling,  crude  as  it  is,  produced  a 
notable  difference  in  both  the  chemical  composition  and  the  physical 
character  of  the  copper. 

Some  trouble  was  experienced  in  the  tank  house  from  anode  gases. 
This  was  remedied,  in  the  usual  way,  by  keeping  a  small  quantity  of  oil 
on  top  of  the  electrolyte. 

When  there  was  practically  complete  reduction  of  the  ferric  iron  in 
the  solution  entering  the  tank  house,  annoyance  was  experienced  by 
sulfur  dioxide  being  given  off  from  the  solution  as  it  entered  the  tank 
house.  During  this  time  the  free  acid  in  the  electrolyte  was  kept  at  3 
per  cent,  and  was  added  prior  to  the  entrance  of  the  solution  to  the  tank 
house.  On  adding  the  acid  to  the  return  solution  from  the  tank  house, 
this  trouble  practically  ceased.     The  tank  house  was  started  on  June  1, 
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1917,  and  has  been  in  continuous  operation  since  that  time.    On  June  18, 
the  first  electrolytic  copper  was  shipped. 

A  summary  of  the  tank-house  data  for  March,  1918|  is  shown  in 
Table  18. 

Adjoining  the  tank  house  on  the  west  is  the  power  house.  This  was 
designed  by  C.  C.  Moore  &  Co.,  of  San  Francisco,  and  is  a  structural 
steel  building  200  ft.  (60  m.)  long,  126  ft.  (38  m.)  wide.  Five 
822.&-hp.  Sterling  boilers  equipped  with  economizers  and  automatic 
fuel-oil  control  generate  the  steam.  The  steam,  at  240  lb.  (108  kg.)  pres- 
sure and  a  total  steam  temperature  of  520^,  is  delivered  to  one  of  two 
turbo-generators  with  a  normal  rating  of  7500  kw.  each.  Either  of  these 
generators  is  capable  of  handling  the  entire  plant  load.  Each  exhausts 
into  a  Wheeler  surf ace-t3rx)e  condenser.  The  circulating  water  used  for 
the  condensers  is  cooled  by  means  of  a  150  X  400-f  t.  spray  pond.  By 
drawing  water  for  the  leaching  plant  from  this  spray  pond,  the  salts  and 
incrusting  solids  are  prevented  from  accumulating. 

All  power  generated  is  delivered  to  the  station  buses,  which  are  en- 
closed in  a  concrete  structure.  Leading  from  these  buses  are  ten  2300- 
volt  feeders,  the  three  largest  carrying  power  to  three  Westinghouse 
motor-generator  sets,  each  consisting  of  a  2400-hp.  synchronous  motor, 
direct-connected  to  two  170-volts,  5000-amp.  d.  c.  generators,  whidi 
furnish  the  current  for  the  tank  house,  while  the  seven  smaller  feeders 
supply  a.  c.  current  which  is  used  by  the  crushing,  leaching,  and  reduc- 
tion plant,  well,  mine,  and  townsite.  About  600  bbl.  of  oil  are  consumed 
by  the  plant  per  day.  This  is  supplied  through  a  6-in.  oil  line  from  two 
steel  tanks  60  ft .  in  diameter  by  30  ft.  high,  each  with  a  capacity  of  about 
15,000  barrels.  The  average  kw.  hr.  per  barrel  of  oU  for  the  year  has 
been  314.2.  The  oil  used  at  the  plant  will  average  18,766  B.t.u.  per 
pound  of  oil. 

Table   18. — Tanh-house  Operaiiony  March,  1918 

Total  pounds  of  electrolytic  copper  produced 3,152,800 

Total  pounds  of  electrolytic  copper  shipped 3,134,500 

Per  cent,  of  total  copper  shipped  as  scrap 3.9 

Average  weight  per  cathode,  pounds 130 

Total  gross  kw.  hr.,  a.  c,  charged  to  tank  house 4,141,763 

Average  pounds  of  copper  produced  per  gross  kw.  hr.,  a.  c 0.76 

Average  temperature  of  air  in  tank  house 61.5"  F. 

Average  temperature  of  solution  entering  tank  house 86.5"  F. 

Average  temperature  of  solution  leaving  tank  house. .   93. 4"  F. 

Average  current  density,  amperes  per  square  foot  of  cathode 7.56 

Average  drop  between  anode  and  cathode,  volts 2 .  06 

Average  advance  through  tank  house,  gallons  per  minute 1300 

Average  number  of  tanks  on  cathode  copper 127 

Average  number  of  tanks  on  starting  sheets 25 
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Average  number  of  tanks  to  discard 20 

Average  per  cent,  copper  in  solution  entering  tank  house 2 .  99 

Average  per  cent,  copper  solution  leaving  tank  house 2. 52 

Average  per  cent,  ferric  iron  in  solution  entering  tank  house 0.09 

Average  per  cent,  ferric  iron  in  solution  leaving  tank  house 0 .  75 

Average  per  cent,  total  iron  in  electrolyte 2. 40 

Average  per  cent,  free  acid  in  solution  entering  tank  house 1.7 

Average  per  cent,  free  add  in  solution  leaving  tank  house 2.1 

Average  specific  gravity  of  solution  entering  tank  house 1 .  310 

Average  specific  gravity  of  solution  leaving  tank  house 1 .  305 


Discard  for  Purification  of  Electrolyte 

As  previously  mentioned,  only  about  45  to  50  per  cent,  of  the  total 
acid  used  in  an  8-day  leach  is  utilized  in  dissolving  copper.    The  remain- 
der is  used  in  dissolving  impurities.    If  copper  only  is  removed  from  the 
solution,  the  other  substances  will  gradually  accumulate  and  the  solution 
will  reach  a  condition  where  it  will  become  sluggish  in  dissolving  the  cop- 
per from  the  ore.    To  keep  the  solution  active,  it  is  evident  that  a  portion 
must  be  discarded  and  replaced  with  fresh  water.    The  quantity  of 
solution,  discarded  per  day  must  contain  impurities  equivalent  to  the 
amount  dissolved  per  day,  if  the  accumulation  is  to  be  avoided.    In  the 
experimental  work  it  was  found  that,  under  simUar  conditions,  nearly 
all  the  substances  that  went  into  the  solution  were  present  in  a  fairly 
constant  ratio  to  one  another.    Of  the  various  impurities  dissolved, 
iron  is  the  most  easily  and  quickly  determined  and  was  uged  as  the 
indication  of  the  quantity  of  solution  necessary  to  be  discarded.    Our 
experimental  work  clearly  demonstrated  that  the  best  results  are  obtained 
when  the  total  iron  in  the  solution  does  not  exceed  2  per  cent,  and  the 
specific  gravity  does  not  exceed  1.28.    To  maintain  the  most  efficient 
conditions,  90  gal.  (340  1.)  per  min.  discard  was  reported  as  necessary. 
This  was  later  proved  to' be  correct  for  conditions  in  the  5000-ton  plant, 
as  shown  by  the  summary  in  Table  19. 

The  most  economical  solution  to  discard  is  that  containing  the  great- 
est quantity  of  impurity  and  the  least  quantity  of  free  acid  per  unit 
of  copper.  For  the  first  7  months  of  operation,  neutral  advance  was  the 
most  desirable  to  discard.  This  solution  averaged  3  per  cent,  copper, 
0.2  to  0.5  per  cent,  free  H2SO4,  and  2.4  per  cent,  total  iron,  of  which 
0.6  to  0.8  per  cent,  is  present  as  ferric  iron.  An  attempt  was  made  to 
precipitate  the  copper  from  this  solution  on  heavy  scrap,  but  the  action 
was  very  sluggish.  In  addition  to  this  difficulty,  the  launder  space 
designed  to  treat  30  gal.  (113  1.)  per  min.  proved  to  be  insufficient. 
Ab  the  cost  of  producing  cement  copper  is  about  2  c.  more  per  pound  than 
that  of  electrolytic,  it  was  of  prime  importance  to  reduce  this  amount  to 
the  minimum.    Since  when  using  neutral  solution  for  discard  nearly 
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one-third  of  the  total  copper  production  would  be  produced  as  cement 
copper,  an  investigation  was  made  to  produce  a  solution  containing 
the  greatest  amount  of  impurities  per  unit  of  copper.  During  December, 
four  electrolytic  banks  of  10  tanks  each  were  connected  in  series  and 


Table  19. — Discard  Solutions 


May,  1917 

June,  1917 

July,  1917 

August,  1917 

September,  1917. 
October,  1917. . . 
November,  1917. 
December,  1917. 
January,  1918. . . 
February,  1918. . 

March,  1918 

April,  1918 


Gallona  per 

Minute  tor 

24  Hourt 


none 
none 

21 

50 

90 

83 

80 

70 

72 

73 

75 

82 


Specific 

Gravity  of 

Solution 


1.15 
1.24 
1.35 
1.38 
1.38 
1.36 
1.34 
1.33 
1.82 
1.31 
1.31 
1.32 


Total  Iron 

in  Solution, 

Per  Cent. 


0.34 
1.60 
2.36 
2.60 
2.56 
2.44 
2.36 
2.38 
2.26 
2.39 
2.40 
2.49 


Average,       Naioberof 
Days,  Leach-'     Chargee 
ing  Period   ',  Ezcavsted 


9.3 

16.1 

13.9 

12.0 

10.5 

9.9 

9.5 

9.3 

7.8 

9.3 

7.2 

7.3 


3 
14 
18 
17 
23 
23 
23 
25 
28 
24 
32 
29 


the  eiSuent  from  the  last  bank  of  tanks  was  sent  to  the  iron  precipitation 
launders.  The  average  analyses  of  the  solution  through  each  bank  of 
tanks,  with  a  flow  of  73  gal.  per  min.,  was  as  shown  in  Table  20. 


Table  20. — Solutions  in  Iron  Precipitation  Tanks 


Copper,  Per  Cent. 


In 


First  bank 

Second  bank 

Third  bank 

Fourth  bank 

All  banks 


Out 


HtSOi,  Per  Cent. 


Ferric  Iron, 
Per  Cent. 


In 


Out 


In 


Out 


3.14 

2.72 

0.95 

1.64 

0.45 

2.72 

2.30 

1.64 

1.93 

1.06 

2.30 

2.06 

1.93 

2.23 

1.51 

2.06 

1.71 

2.23 

2.62 

1.71 

3.14 

1 

1.71 

0.95 

2.62 

0.45 

1 

1.06 
1.51 
1.71 
1.82 
1.82 


Average 
Curreot 

Efficiency. 

Percent. 


73.0 
55.0 
46.0 

47.0 


The  results  will  vary  with  the  amount  of  solution  flowing  through  the 
tanks.  The  action  of  the  effluent  from  the  last  bank  of  tanks  was  any- 
thing but  sluggish  and  the  precipitation  was  rapid.  However,  the  high 
iron  consumption  and  the  low  power  efficiency  made  this  arrangement 
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doubtful  economy  and  two  of  these  banks  were  put  on  regular  tank- 
house  practice.  This  discard  solution,  containing  a.  certain  amount  of 
free  acid,  precipitates  copper  more  rapidly  than  a  neutral  solution.  The 
cement  copper  so  produced  is  easily  washed  from  the  scrap  iron.  This 
method  of  discarding  solution  produces  a  smaller  amount  of  cement  and  a 
greater  amount  of  electrol3rtic  copper. 


Recovery  of  Copper  from  Discarded  Solution 

The  original  cementing  equipment  consisted  of  six  sections  of  rein- 
forced-concrete  launders.  These  are  arranged  in  two  parallel  rows  of 
three  sections  each.  They  are  each  60  ft.  (18  m.)  long,  10  ft.  (3  m.)  wide, 
and  4  ft.  6  in.  (1.37  m.)  deep,  giving  a  total  launder  capacity  of  16,200 
cu.  ft.  (458  cu.  m.)  or  121,500  gal.  (459,857  1.).  The  bottom  of  each 
launder  slopes  toward  three  side  cleanout  gates.  The  scrap  iron  rests 
upon  a  grated  wood  floor.  The  solution  flows  through  each  one  succes- 
sively, but  may  be  by-passed  to  allow  the  cleansing  and  refilling  of  any 
of  the  sections.  From  these  launders  the  waste  solution  was  to  go  to  the 
desert. 

The  launders  provided  to  handle  the  solution  were  found  to  be  in- 
sufficient and  the  scrap  iron  was  too  coarse  for  good  Work.  Only  about 
65  per  cent,  of  the  copper  in  the  solution  was  precipitated  during  the 
first  3  mos.,  and  the  efiduent  from  these  launders  was  impounded  in  large 
ponds  and  later  pumped  back  to  the  new  launders.  The  construction 
of  eight  additional  temporary  wooden  launders  was  begun,  lighter  scrap 
iron  was  bought,  and  the  copper  content  of  the  waste  solution  was  thereby 
reduced.  Of  the  eight  temporary  wooden  launders,  one  is  14  ft.  (4  m.) 
wide,  280  ft.  (85  m.)  long,  and  2}i  ft.  (0.75  m.)  deep,  and  seven  are  10  ft. 
(3  m.)  wide,  280  ft.  long,  and  3J^  ft.  (1.05  m.)  deep.  These  have  a  total 
capacity  of  78,400  cu.  ft.  (2218  cu.  m.),  or  588,000  gal.  (2,225,  580  I), 
thus  giving  a  total  capacity  of  both  concrete  and  wooden  launders  of 
94,600  cu.  ft.  (2677  cu.  m.)  or  709,500  gal.  (2,685,457  1.).  The  wooden 
launders  are  connected  with  the  concrete  launders  by  a  6-in.  lead  pipe 
line. 

Under  good  operating  conditions  about  half  the  copper  is  precipitated 
in  each  set  of  launders.  When  a  launder  is  no  longer  efficient,  the  solu- 
tion to  that  launder  is  by-passed  and  the  solution  remaining  in  it  is 
drained.  The  cement  copper  in  the  concrete  launders  is  shoveled  out 
onto  wooden  platforms,  where  the  iron  is  hand-picked,  and  the  copper  is 
loaded  into  box  cars  for  shipment  to  the  smelter. 

The  cement  copper,  being  practically  saturated  with  ferrous  and  alum- 
inum sulfates,  dries  out  very  slowly.  Recently  a  concrete  sump  20 
by  75  by  3  ft.  (6  by  22  by  0.9  m.)  was  constructed  near  the  wooden  laun- 
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ders,  into  which  the  cement  copper  can  be  flushed  and  washed.  A  loco- 
motive crane  removes  the  copper  in  a  small  bucket  to  shallow  wooden 
bins,  where  it  is  dried  for  shipment.  This  part  of  the  process  has  proved 
to  be  a  problem  and  methods  are  being  developed  to  handle  the  material 
more  economically. 

The  solutions  entering  and  leaving  these  launders  during  an  average 
month  are  as  follows: 


H^O..  I  Copper.  ,  ^^^ 
Per  Per  *^°* 


Cent. 


Cent. 


Cent. 


Solution  going  to  concrete  launders !    2 .  34  I    2.12       1 .  07 

Solution  coming  out  of  concrete  and  going 


into  wood  launders, 


0.77  i    0.63 

I 

Solution  from  wood  launders  to  desert ...    i    0 .  08      0 .  02 


4.51 
4.54 


Ferric  i 

Iron,  :  Specifis 

Per  Gravity 

Cent.  I 


>    Metallizing  Testa 

Anticipating  the  difficulty  that  will  probably  be  experienced  in  ob- 
taining suitable  scrap  iron  for  precipitation  purposes,  the  company  de- 
cided to  investigate  again  the  plan,  first  suggested  by  Mr.  Croasdale  in 
1912,  of  reducing  the  iron  oxide  in  calcine  to  sponge  iron.  There  was  no 
doubt  but  that  this  material  could  be  produced  and  all  efforts  were 
directed  to  devise  a  furnace  for  that  particular  purpose.  However,  the 
experiments  were  brought  to  a  close  before  this  had  been  accomplished. 
About  this  time  the  experimental  staff  of  the  Anaconda  Copper  Co., 
working  along  similar  lines,  developed  a  revolving  intermittent  metal- 
lizing furnace  of  the  Bruckner  type.  The  results  of  these  tests  have  been 
fully  described  in  the  Transactions,* 

When  we  decided  again  to  investigate  metallizing,  arrangements  were 
made  with  the  Anaconda  company  to  install  one  of  their  Bruckner  fur- 
naces and  to  furnish  us  an  experienced  operator.  These  tests  are  still 
in  progress  at  this  writing.  We  feel  convinced,  from  the  results  already 
obtained,  that  with  a  high-iron,  low-sulfur  calcine,  nearly  complete  metal- 
lization of  the  available  iron  is  possible  and  with  coal  and  oU  at  a  reason- 
able price,  the  cost  of  sponge  iron  will  compare  favorably  with  the 
present  cost  of  scrap. 

At  the  present  time  between  20,000  and  30,000  lb.  (9071  to  13,607  kg.) 
of  copper  are  being  precipitated  per  day,  with  an  iron  consumption  of 
about  2  lb.  (0.9  kg.)  per  pound  of  copper.  If  calcines  (metallized)  were 
to  be  used  the  principal  saving  would  be  in  the  cost  of  handling  the 
precipitate. 


*  Frederick  Laist  and  F.  F.  Frick:  Trans,  (1914)  49, 091. 
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Resolution  of  Cement  Copper 

It  was  originally  intended  to  make  use  of  the  ferric  sulfate  present  in 
the  oxidized  tank-house  solution  as  a  solvent  of  the  cement  copper, 
thereby  increasing  the  production  of  electrolytic  copper  and  at  the  same 
time  avoiding  the  handling  of  cement  copper.  Cement  copper,  when 
clean  and  finely  divided,  dissolves  readily  in  ferric  sulfate  with  formation 
of  copper  and  ferrous  sulfates: 

Fe,(S04)8  +  Cu  ->  CUSO4  +  2FeS04 

By  so  doing  not  only  is  the  cement  copper  dissolved,  but  the  ferric  iron 
is  reduced  also.  The  plan  was  to  hose  off  the  loosely  adherent  copper 
from  the  scrap  iron  to  the  bottom  of  the  tank  and  then  flush  it  into  one 
or  more  circular  lead-lined. tanks,  called  agitators.  These  tanks  are  20 
ft.  (6  m.)  in  diameter  and  6  ft.  (1.8  m.)  deep,  provided  with  a  stirring  device, 
driven  by  a  small  motor;  125  gal.  (473  1.)  per  min.  of  tank-house  return 
solution  can  be  circulated  through  each  tank. 

Thia  plan  of  redissolving  the  cement  copper  is  only  carried  out  when 
the  operating  conditions  of  the  plant  require  it.  The  principal  objec- 
tions to  the  continuous  use  of  such  a  plan  are  the  difficulty  of  introduc- 
tion of  the  copper  to  the  tanks,  the  solution  dilution  that  it  incurs,  and 
the  tendency  to  increase  the  impurities,  which  in  turn  increase  the  quan- 
tity of  discard  necessary. 

The  agitators  were  started  on  July  1,  1917,  and  were  continuously 
.  operated  until  Sept.  1,  1917,  when  it  was  decided  to  ship  all  cement 
copper  possible.  During  February,  the  grade  of  the  ore  dropped  for  a 
short  time  and  it  was  desirable  to  increase  the  copper  contents  of  the 
electrolyte,  and  the  agitators  were  once  more  put  into  commission. 
Careful  comparison  of  the  present  cost  of  shipping  and  treating  this 
copper  and  the  cost  of  redissolving  give  the  latter  method  a  small  advan- 
tage. In  other  words,  the  agitators  have  not  given  the  results  that  were 
anticipated.  If,  however,  a  method  could  be  devised  whereby  the  copper 
could  be  washed,  drained,  and  then  transferred  without  dilution,  it  would 
be  a  more  profitable  operation. 

Summary 

In  order  that  the  reasons  for  some  of  the  present  operating  conditions 
may  be  thoroughly  understood,  a  short  account  of  the  events  that  led  to 
ibese  conditions  will  be  given.  Much  time  having  been  consumed  in 
the  development  of  the  process,  the  management  was  eager  to  begin 
operatioDS  and  have  this  company  enter  the  producing  class. 

On  Apr.  15,  the  crushers  were  given  a  tryout  and  filling  of  the  leaching 
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tanks  was  begun.  These  were  filled  with  water,  both  before  and  after 
charging  with  ore,  to  test  for  leaks.  By  May  1,  enough  tanks  had  been 
filled  to  begin  leaching  and  everything  was  in  readiness  except  the  solu- 
tion and  wash-water  pumps.  The  pumps  appeared  to  be  out  of  balance 
and  much  trouble  was  experienced  in  the  correction.  However,  by  May 
16,  enough  had  been  accomplished  to  guarantee  continuous  operation  of 
the  plant.  On  May  16,  300,000  gal.  of  3  per  cent,  sulfuric-acid  solution 
was  made  up  and  pumped  on  the  first  charge  of  ore.  This  solution  was 
circulated  through  the  first  charge  the  first  day,  through  two  charges  the 
second  day,  and  so  on  each  day,  more  solution  being  made  up  to  keep  the 
acid  concentration  at  3  per  cent,  on  the  oldest  tank. 

Unfamiliarity  with  the  piping,  leaky  tanks,  inability  of  the  mine 
regularly  to  deliver  5000  T.  of  ore  per  day,  together  with  the  usual  initial 
operating  troubles,  resulted  in  the  washing  and  excavation  of  only  three 
tanks  during  May.  These  conditions  rapidly  improved,  so  that  over  75 
per  cent,  of  the  required  ore  was  treated  during  the  first  year,  and  nearly 
90  per  cent,  of  the  required  copper  produced  in  the  plant.  This  was  due 
to  the  fact  that  the  ore  mined  averaged  nearly  0.1  per  cent,  better  than  was 
anticipated.  During  this  time  tanks  were  not  excavated  until  a  new 
one  had  been  charged  and  put  into  circuit,  which  led  to  the  use  of  an 
excessive  quantity  of  acid  and  accomplished  little  but  the  fouling  of 
the  solution  with  impurities. 

When  the  solution  carried  2J^  per  cent,  copper,  it  was  advanced  to 
the  tank  house.  By  June  1,  the  electrolytic  tanks  had  been  filled  and 
deposition  begun.  The  towers  were  not  started  simultaneously  witlj 
the  tank  house  and  by  the  time  of  their  introduction  into  the  circuit 
on  June  6,  the  ferric  iron  had  reached  0.7  per  cent.,  the  efficiency  had 
dropped,  and  trouble  started. 

The  first  cathodes  were  drawn  on  June  15.  The  solution,  clear 
and  of  low  gravity,  produced  cathodes  analyzing  99.85  per  cent,  copper. 
Later  as  the  solution  became  foul  and  the  density  went  up  to  1.42,  the 
cathodes  produced  analyzed  but  99.1  per  cent,  copper.  The  gravity  of 
the  solution  rose  very  rapidly  and  discarding  of  solution  became  impera- 
tive if  the  plant  was  to  continue  to  operate.  On  July  15,  the  construc- 
tion of  additional  cementing  launders  was  decided  upon  and  as  fast  as 
men  and  material  could  be  obtained  these  were  built  and  put  into  opera- 
tion. Before  these  launders  could  be  finished,  the  conditions  reached  a 
point  where  solution  had  to  be  discarded  irrespective  of  copper  content. 
The  solution  coming  from  the  launders  was  run  in  a  pond  and  a  poi^tion 
of  the  copper  content  was  recovered  later  by  treatment  in  the  launders. 
The  first  cement  copper  produced  was  dissolved  in  tank-house  return 
solution.  This  was  abandoned  for  the  time  being  and  on  Aug.  26  the 
first  car  of  cement  copper  was  shipped  to  the  smdter. 
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The  original  report  on  the  process  to  be  adopted,  among  other  things, 
recommended  that  a  cooling  chamber  be  installed  at  the  entrance  of  the 
gas  to  the  towers.  During  August,  the  efficiency  of  the  towers  was  falling 
and  it  was  found  that  a  part  of  the  solution  coming  in  contact  with  the 
hot  gases  was  evaporated  to  crystallization,  thus  choking  the  gas  entrance 
to  the  towers.  It  was  then  decided  to  install  a  cooling  chamber.  By 
September,  it  was  realized  that  the  towers  lacked  reduction  capacity  and 
two  more  would  have  to  be  built;  these  were  finished  and  put  into  opera- 
tion Feb.  16,  1918.  The  fourth  roaster  was  found  necessary  when  the 
third  pair  of  towers  was  started.  These  towers,  the  cooling  chamber, 
the  additional  launders,  and  the  wood  lining  in  the  leaching  tanks  repre- 
sent the  only  important  changes  made. 

It  is  reasonable  to  suppose  that  with  a  solution  of  1.25  density  the 
extraction,  reduction,  and  tank-house  efficiency  would  be  improved.  A 
lighter  solution  will  be  a  more  active  Uxiviant,  the  tailing  will  be  more 
easily  washed,  less  slime  will  be  carried  to  the  tank  house,  and  better 
cathodes  will  be  produced.  The  reduction  in  pumping  and  repair  costs 
alone  might  prove  to  be  quite  an  item. 

In  conclusion,  while  the  fundamental  reactions  are  simple  the  attain- 
ment of  the  desired  results  has  been  more  difficult.  Small  causes  are 
apt  to  bring  about  big  results  and,  as  in  case  of  any  purely  technical 
operation,  the  best  results  can  only  be  secured  by  the  most  careful  supervi- 
sion. Neither  metallurgically  nor  mechanically  is  there  anything  radi- 
cally new  in  the  process  except  that  it  has  been  a  commercial  success 
from  the  start. 

Appendix 

In  order  to  increase  the  value  of  the  paper  the  following  data,  which  is 
apart  of  the  annual  metalliu'gical  statement  to  Jan.  1,  1919,  is  appended. 
To  give  a  complete  discussion  of  the  noticable  changes  is  not  possible  at 
this  time.  This  supplement,  however,  will  be  concluded  with  a  short 
discussion  of  a  few  of  the  more  important  variations. 

Summary  of  Results 

1917  1918  ^^'iSig"  ^* 

Total  tons  of  dry  ore  efaarged  to  leaohing  plant 780,211  1,760.862  2.541,073 

Total  number  of  tanks  charged 156  355  511 

Total  copper  contents,  per  cent 1.685  1 .465  1.535 

Soluble  copper  oontents,  per  cent 1 .  632  1 .405  1 .477 

Insfrfuble  copper  (probably  present  as  sulphide),  per  cent 0.053  0.060  0.058 

Average  proportion  of  ore  on  3-mesh  screen,  per  cent 27 .  46  26 .  75  27 .01 

Averace  proportion  of  ore  on  4-mesh  screen  (cumulative)*  per 

cent 42.46  43.43  43.13 

Average  proportion  of  ore  through  20-meeh  screen,, per  cent 18 .  88  18 . 43  .   18 .  63 
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Summary  of  Results — {Continued) 


To  jAir.  I. 

1017  1018  1010 

Total  number  of  Unka  exoarated 146  3A5  Ml 

Average  moisture  in  tailing*,  per  cent 11.08  10.78  10.61 

Total  copper  in  tailings,  per  cent 0.871  0.280  0.306 

Copper  in  laboratory  washed  tailing,  per  cent 0.270  0.227  0.239 

Water  soluble  oopper  in  tailings,  per  cent 0. 101  0.063  0.067 

Average  pounds  of  water  soluble  oopper  per  ton  of  tailings 2. 02  1.00  1.34 

Average  number  of  dajrs  leached 10.0  7.60  8.1 

Average  gallons  per  minute  advance  through  ore 1020  IISO  1005 

Circulation  in  tank,  gallons  per  minute 4600  4fi00  4500 

Average  specific  gravity  of  neutral  advance 1 .360  1 .818  1.83S 

Average  free  sulfuric  acid  going  on  oldest  ore,  per  cent 2.80  2.00  2.80 

Average  sulfuric  acid  in  solution  coming  off  newest  ore,  per  cent. .  0 .  36  0 . 42  0 . 30 

Average  gallons  per  minute  through  towers 065  1180  1071 

Total  iron  in  neutral  advance  to  towers,  per  cent 2 .34  2.36  2.36 

Ferric  iron  in  neutral  advance  to  towers,  per  cent 1.00  0.84  0.03 

Ferric ^on  in  neutral  advance  from  towers,  per  cent 0 .60  0.21  0.861 

Roasters  in  service , 3.0  3.0  3.61 

Average  tons  of  ore  rdasted  per  day 64.2  71 .7  60.6 

Average  sulfur  contents  of  ore,  per  cent 42 .0  42.2  42.4 

Average  sulfur  contents  of  calcines,  per  cent 7.8  7.6  7.7 

Average  sulfur  dioxide  in  gas  to  towers,  per  cent 7.63  8.00  7.85 

Average  sulfur  dioxide  in  gas  from  towers,  per  cent 2 .44  0.82  1 .38 

Average  sulfur  consumed  per  pound  of  ferric  iron  reduced 0.67  0.46  0.64 

Average  gallons  per  minute  through  tank  house 066'  1130  1071 

Average  oopper  contents  of  solution  entering  tank  house,  per 

cent 2.06  3.12  3.060 

Average  oopper  contents  of  solution  leaving  tank  house,  per  cent.  2.47  2.71  2.021 
Average  copper  contents  removed  from  solution  through  tank 

house,  per  cent 0.40  0.41  0.4S8 

Average  ferric-iron  contents  of  solution  entering  tank  house,  per 

cent 0.60  0.21  0.354 

Average  ferric-iron  contents  of  sdution  leaving  tank  house,  per 

cent 1 .08  0.82  0.016 

Per  cent,  of  theoretical  oxidation 66.0  85.0  73.1 

Average  current  density,  amperes  per  square  foot 6.20  7.26  6.01 

Average  voltage  between  anode  and  cathode 1 .05  1 .08  1.07 

Average  weight  per  cathode  shipped 130.7  112.4  117.00 

Number  of  tanks  on  cathodes 116  125.5  122.3 

Number  of  tanks  on  starting  sheets 22.2  26.5  25.1 

Number  of  starting  sheets  made 155,543  365,547  521J0B0 

Starting  sheets  scrapped,  per  cent 11. 50  0.56  10.2 

Electrolytic  copper  shipped,  pounds 12,661,215  81,745,480  44,406^606 

Copper  per  gross  a.  c. — ^kw.  hr.,  pounds 0.660  0.607 

Total  add  (60''  B.  sulphuric  aoid)  charged  to  plant,  tons 40,278.60  63,185.08   108,463.68 

60°  B.  acid  per  ton  of  ore  leached,  pounds 108.2  71.2  82.6 

60**  B.  aoid  per  pound  of  oopper  dissolved,  pounds 4.03  2.07  3.37 

Average  per  day  60°  B.,  tons f 175.10  173.06  178.88 

Average  copper  dissolved  per  ton  of  ore  leached,  pounds 25.62  28.05  24.44 

Average  total  copper  dissolved,  per  cent 77.85  81.17  80.06 

Total  copper  produced  as  electrolytic,  per  cent 70.60  77.26  77.08 

Total  copper  produced  as  cement,  per  cent 20.40  22.74  22.07 

Average  copper  in  cathodes,  per  cent 00 .47  00.40  00.48 

Average  copper  in  cement  copper,  per  cent 68.01  54.46  57.83 

Average  of  all  solutions  going  to  cementing  launders,  gallons  per 

minute 65.0  131.3  100.0 

Average  of  copper  per  day  in  all  solutions  going  to  launders, 

pounds 20.563  33.066  28,775 

Total  oopper  recovered  from  solutions  to  launders,  per  cent 82.05  08.216  03.08 

Cement  oopper  shipped  as  100  per  cent,  eopper,  pounds 8,425,007  11,382,487  14.8i06J04 
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The  foregoing  results  show  better  extraction  and  better  washing  for 
1918.  The  per  cent,  of  soluble  copper  in  the  tailings  will  be  further 
reduced  by  the  use  of  a  fifth  wash  water,  which  was  started  on  Nov.  9, 
1918.  Operating  conditions  during  this  last  year  resulted  in  nearly 
uniform  leaching  conditions.  The  local  circulation  on  the  ore  has  been 
varied  from  time  to  time  but  4500  gal.  per  min.  appeared  to  give  the 
most  satisfactory  condition.  During  the  past  3  mo.  the  free  acid  in  the 
solution  going  on  the  oldest  ore  has  been  2.65  per  cent,  and  the  extraction 
has  been  as  good  as  the  average.  It  now  appears  that  it  will  be  possible 
to  leach  with  a  much  lower  acid  concentration  than  at  first  thought 
necessary.  The  difference  between  a  2.65  and  a  3.00  per  cent,  free  acid 
means  a  saving  of  approximately  50  tons  of  acid  per  day.  An  acid 
bahmce  covering  the  past  year's  operation  indicates  that  nearly  68  per 
cent,  of  the  total  acid  neutralized  by  the  ore  was  used  in  dissolving  im- 
purities, and  32  per  cent,  was  used  in  dissolving  copper.  This  state- 
ment also  shows  that  of  the  total  acid  neutralized  by  the  ore  49.1  per 
cent,  is  imported  acid,  35.6  per  cent,  is  tower  acid,  and  15.3  per  cent,  is 
regenerated  tank-house  acid.  The  total  60^  B.  acid  neutralized  per  ton 
of  ore  for  1918  is  148.6  pounds. 

During  the  year  a  slight  warping  of  the  lead  anodes  was  noticed  and 
these  were  removed  from  tanks  and  straightened,  resulting  in  a  better 
tank-house  efficiency.  This  warping  was  apparently  due  to  oxidation. 
To  keep  the  solution  from  fouling  it  was  necessary  to  send  109.9  gal. 
per  min.  of  solution  to  the  precipitation  launders.  Of  this  solution  84.9 
per  cent,  was  from  the  tank  hoUse,  12.0  per  cent,  was  excess  wash  water, 
2.1  per  cent,  was  tower  solution,  and  1.0  per  cent,  was  tank-house  drainage. 
During  the  year  the  larger  part  of  the  copper  solution  that  had  been  im- 
pounded in  ponds  during  the  previous  year  was  retiu*ned  to  the  precipita- 
tion launders  and  the  copper  recovered. 

During  the  past  year,  the  plant  has  undergone  no  radical  changes  or 
alterations.  All  mechanical  equipment,  including  pumps,  piping,  and 
lining  have  proved  satisfactory  in  both  design  and  material.  Plans  are 
being  pi^pared  for  a  new  cementation  plant,  consisting  of  twelve  circular 
precipitation  tanks,  classifiers,  and  filters.  This  plant  is  to  be  spanned 
by  a  crane,  which  will  charge  the  scrap  iron  to  the  precipitating  tanks. 
This  plant  is  being  designed  to  handle  the  copper  precipitated  mechan- 
ically and  to  thoroughly  dry  it. 

Problems  are  constantly  arising,  the  solution  of  which  tends  to  mate- 
rially simplify  operation.  These  are  being  investigated  in  order  of  thei/ 
importance  and  furnish  a  constant  source  of  interest.  The  past  year 
has  been  considered  a  successful  one  by  all  connected  with  the  work  and 
basing  our  predictions  on  the  experience  gained;  we  predict  even  better 
results  for  the  year  1919. 
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[subject  to  beyision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
New  York  meeting.  February,  1910,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  difloossion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
3(Kh  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
UnlcM  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1919.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Water-cooled  Equipment  for  Open-hearth  Steel  Furnaces 

BY   WM.    C.   COFFIN,*   PITTSBURGH,    PA. 
(New  York  Meeting.  February,  1919) 

The  refractory  linings  of  open-hearth  steel  furnaces  above  the  bath 
line  are  subject  to  severe  wear  not  only  from  the  heat  caused  by  the 
combustion  of  the  fuel  and  the  reactions  of  the  bath,  but  also  from  the 
melting  action  of  the  gases  when  not  controlled  and  directed,  and  from 
the  scouring  of  the  oxides,  etc.  with  which  the  products  of  combustion 
are  charged. 

The  framework  that  encases  or  binds  the  furnace  is  made  up  pri- 
marily of  an  iron  or  steel  pan  in  which  the  furnace  proper  is  built,  side 
and  end  buckstays,  and  tie-rods.  The  expansion  and  contraction  are  so 
great  and  variable  that  the  bindings  may  be  subjected  to  severe  stresses 
unless  the  tie-rods  are  carefully  adjusted  in  heating  up  the  furnace, 
but  they  are  most  affected  by  direct  heat  and  usually  become  deformed 
from  that  cause  when  the  lining  is  worn  thin  and,  sometimes,  when 
sections  of  the  lining  fall  in  and  expose  some  of  the  framework. 

A  deformed  framework  displaces  the  skewback  of  the  roof  arch 
and  tends  to  distort  or  crush  the  roof.  Bent  buckstays  deform  the 
front  wall,  causing  the  door  frames  to  stand  away  from  the  lining  so 
that  the  gases  bum  between  the  lining  and  the  frames,  destroying  both 
of  them.  Frequently  the  frames  are  attached  to  the  buckstays;  then 
when  the  latter  bend  the  frames  usually  break. 

Preventing  the  distortion  of  the  framework  and  maintaining  the 
economy  of  the  ref ractodes  are  real  factors  in  the  cost  of  steel  making. 
Not  only  does  the  cost  of  general  repairs  and  reconstruction  add  directly 
to  the  cost  of  steel  produced,  but  the  time  lost  in  making  repairs  cuts 
down  the  steel  production  and  increases  the  overhead  expense  of  both 
the  furnace  shop  and  its  allied  foundry  or  mills. 

Many  years  ago  water-cooled  equipment  applied  to  iron  blast  furnaces 
made  it  possible  to  increase  greatly  not  only  the  size  and  production 
of  the  furnaces  but  also  the  life  of  the  lining.  It  also  cut  down  the  loss 
from  frequent  repairs.  The  open-hearth  furnace  is  a  much  later  inven- 
tion, especially  as  a  commercial  factor;  for  though  it  dates  from  the 
Fred  Siemens  patent  of  1856,  much  more  progress  was  made  in  the  Bes- 

•  Vice  Preaident,  Blaw-Koox  Co. 
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semer  process  until  the  latter  eighties  and  most  of  the  development 
of  open-hearth  furnaces,  especially  in  large  furnaces  and  aiming  for 
big  production,  dates  from  the  memory  of  men  still  "in  the  game" 
and  does  not  go  back  more  than  25  years.  Most  of  the  advancement 
in  water-cooled  equipment  is  of  even  later  date  and  it  is  within  the 
last  10  years  that  it  has  become  quite  general  practice  to  apply  some 
form  of  water-cooled  device  to  protect  and  increase  the  life  of  the  ports 
and  bulkheads,  which  suffer  most  from  wear  and  tear  and  which  require 
the  most  attention  and  expense  to  maintain. 

Cast-iron  and  cast-steel  doors  and  frames  were  water-cooled  by 
means  of  hollow  castings  in  which  water  circulated  and  by  casting  pipe 
coils  in  them.  These  are  still  used  at  some  plants,  but  a  casting  is 
not  a  good  enough  conductor  for  the  water  to  sulBSciently  cool  the  outside 
surface  to  protect  it,  so  it  is  liable  to  burn  out  and  also  to  crack  and  warp. 
As  the  heat  is  very  much  greater  in  the  ports,  other  means  are  necessary 
to  protect  them.  Quite  a  few  copper-bronze  water-cooled  castings 
have  been  used  with  some  success,  but  they  can  be  successfully  made 
only  in  moderate-sized  castings  and  are  easily  pitted  and  injured  by  shig. 

Adaptability  of  Steel  Plates  for  Water-cooled  Equipment 

Steel  plates  about  ^  in.  (9.5  mm.)  thick  can  be  readily  formed  into 
almost  any  shape  desired  for  water-cooled  equipment  for  doors  and  frames, 
buckstays,  skewbacks,  port  coolers,  division-wall  coolers,  bulkhead 
coolers,  etc.  If  properly  designed  and  flanged  to  keep  the  joints  from 
undue  stresses,  the  joints  can  be  welded.  Riveting  is  imdesirable 
both  on  account  of  the  liability  of  leaking  and  because  the  doubling 
up  of  thickness  at  the  joints  makes  proper  cooling  impracticable.  Steel 
plates  have  all  the  qualities  of  strength,  ductility,  and  conductivity 
that  make  them  especially  applicable  to  this  use,  and  they  can  stand 
contact  with  furnace  slags  and  oxides  without  injury.  They  are  also 
more  free  from  defects  and  can  be  more  readily  and  completely  inspected 
than  other  materials.  The  conductivity  of  steel  plates  keeps  the  outside 
surfaces  at  nearly  the  temperature  of  the  water  in  the  device  so  that  if 
it  is  in  contact  with  the  refractories  it  has  much  the  same  action  as  coolers 
in  blast  furnaces. 

In  contact  with  brickwork,  which  is  a  very  poor  heat  conductor, 
the  cooling  effect  will  penetrate,  at  most,  about  6  in.  (152  mm.)  and 
usually  be  effective  in  keeping  the  brick  from  softening  with  the  heat 
for  only  4  in.  The  result  is  that  this  type  of  equipment,  if  covered  a 
few  inches  deep,  does  not  have  any  cooling  action  on  the  interior  of 
the  furnace  and,  therefore,  does  not  add  to  the  fuel  cost  nor  cause  the 
furnace  to  be  sluggish.  This  is  at  once  noticeable  with  the  4J^-in. 
brick  lining  on  steel-plate  furnace  doors  which  forms  a  slag  c^oatinf^ 
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on  the  exposed  face  after  thinning  down  1  in.  or  less  and  will  frequently 
last  a  full  campaign  of  the  furnace  run  unless  jarred  out. 

About  the  year  1900,  L.  L.  Knox,  of  Pittsburgh,  Pa.,  who  was  engaged 
in  the  construction  of  open-hearth  furnaces,  began  the  study  of  water- 
cooled  equipment  and  has  since  devoted  most  of  his  time  to  the  develop- 
ment of  these  devices.  With  the  exception  of  a  few  riveted  steel-plate 
doors  and  frames,  he  at  first  designed  and  installed  copper  coolers.  In 
1909,  he  turned  his  attention  entirely  to  welded  steel-plate  devices, 
which  have  come  into  such  general  use  that  the  latest  developments 
should  prove  of  interest  to  all  engineers  in  any  way  associated  with  the 
open-hearth  steel  industry,  or  who  wish  to  keep  up  with  the  growth  of 
its  equipment.  Many  of  these  devices  have  a  much  wider  application 
and  are  already  installed  on  heating  furnaces,  soaking  pits,  copper  fur- 
naces, and  glass-melting  furnaces,  and  engineers  familiar  with  these 
various  types  of  furnaces  can  see  where  they  can  be  applied  to  increase 
the  life  and  reduce  the  maintenance  cost.  These  devices  have  been 
patented  by  Mr.  Knox,  with  the  exception  of  the  Neeland  buckstay, 
which  was  patented  by  M.  A.  Neeland,  formerly  chief  engineer  of  the 
United  States  Steel  Corp.  They  are  manufactured  and  sold  outright 
without  any  royalties  or  limitations  as  to  their  use. 

Illustrations  op  Water-cooled  Equipment 

Fig.  1  illustrates  an  open-hearth  steel  furnace  equipped  with  water- 
cooled  devices  at  all  essential  points,  each  of  which  will  be  referred  to 
separately. 

Fig.  2  shows  a  door  and  frame,  all  welded  joints  of  which  are  kept 
away  from  both  the  back  of  the  frame  and  the  door  opening.  The 
back  plate  is  flanged  through  the  door  opening  and  turned  back  about 
2J^  in.  onto  the  front  plate,  which  not  only  takes  the  welded  joint  away 
from  the  extreme  heat  but  strengthens  the  door  arch,  which  is  subject 
to  stresses  from  expansion  and  contraction.  The  stay-bars  and  stay- 
bolts  do  not  penetrate  the  back  plates  of  either  doors  or  frames,  but  are 
welded  onto  the  inside  surface  before  the  outside  plate  is  welded;  this 
avoids  any  possible  leaks  against  the  brickwork.  Many  of  these  doors 
and  frames  have  been  in  continuous  use  for  3  or  4  years,  whereas  cast  ones 
seldom  last  more  than  a  few  months.  The  jambs  and  arches  also  last 
much  longer  when  in  contact  with  these  frames  and  the  furnace  operators 
can  give  the  process  of  melting  more  efficient  attention  on  account  of 
the  cool  front. 

Fig.  3  shows  the  doors  and  frames  connected  with  a  direct  feed-water 
line.  The  raising  and  lowering  of  the  door  is  taken  care  of  by  a  telescopic 
inlet  pipe. 

Fig.  4  shows  a  circulation  water  system  with  but  one  feed-water 
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connection  for  the  furnace  front.  This  feed  line  has  a  nozzle  entering  a 
cast-iron  ejector  on  the  bottom  of  the  circulation  tank,  connected  with  a 
manifold  for  feeding  the  door  and  frames.  The  doors  are  connected  with 
a  hose  both  for  inlet  and  outlet,  and  the  inlet  water  from  both  doors  and 
frames  is  returned  to  the  tank.  The  overflow  from  the  tank  is  just 
sufficient  to  keep  the  water  from  boiling  and  is  usually  held  at  a  tempera- 
ture of  about  180®.  By  having  the  overflow  pipe  enter  a  waste  line 
through  an  open  funnel,  the  amount  of  water  can  always  be  regulated 
to  suit  the  requirements  by  merely  inspecting  the  overflow  and  seeing 
that  the  temperature  is  neither  too  high  nor  too  low.  The  circulation 
system  reduces  the  amount  of  water  about  30  per  cent,  below  what  is 
used  with  direct  feed,  and  the  circulation  tank  acts  as  a  reservoir  in  case 
the  feed  water  is  cut  ofif  by  accident  until  either  the  feed  line  is  repaired 
or  an  emergency  connection  is  made  with  the  tank. 

Figs.  6  and  6  show  a  circulation  system  applied  to  a  tilting  furnace, 
takmg  care  also  of  chills  at  the  connection  between  the  furnace  and  the 
port  ends,  and  of  port  coolers.  Fig.  5  shows  the  main  furnace  and  Fig. 
6  the  port  end,  each  with  its  separate  circulation  system. 

Fig.  7  is  a  detail  of  the  Neeland  water-cooled  buckstay,  which  is  also 
shown  in  Fig.  1.  When  used  in  connection  with  water-cooled  doors  and 
frames,  it  protects  the  entire  front  of  the  furnace.  These  buckstays  will 
always  keep  in  alignment;  that  is,  they  will  not  bend  on  account  of  heat 
and,  consequently,  they  hold  the  skewback  of  the  roof  arch  in  its  proper 
place,  with  the  result  that  not  only  is  the  front  wall  sufl&ciently  cooled  to 
hold  it  in  place  long  after  it  would  be  burned  out  with  a  dry  buckstay 
but  the  skewback  is  held  in  its  proper  place  and  relieves  the  roof  from 
being  crushed  or  distorted. 

Fig.  8  shows  the  port  end  with  the  location  of  the  port  cooler.  This 
cooler  is  carried  across  the  port  end  the  full  width  and  both  ends  of  the 
cooler  are  exposed;  this  gives  access  to  the  water  connections  and  allows 
the  €ooler  to  be  put  in  place  and  removed  by  the  charging  machine. 
The  charging  machine,  of  course,  brings  it  out  only  far  enough  for  the 
overhead  traveling  crane  to  get  hold  of  it;  when  there  is  no  traveling 
crane,  the  cooler  is  placed  half  way  into  the  furnace  with  block  and  tackle 
and  the  charging  machine  pushes  it  into  fijial  position.  The  port  cooler  is 
located  at  the  point  where  the  mixture  of  the  gas  and  air  creates  the  best 
combustion,  the  gas  being  directed  toward  the  bath.  With  a  dry  port, 
the  brickwork  is  built  much  nearer  the  bath  than  it  should  be  but  this 
is  necessary  to  allow  for  its  wearing  away,  and  it  is  not  rebuilt  until  it  is 
worn  back  beyond  the  point  of  good  combustion.  This  construction  not 
only  makes  a  waste  of  fuel,  but  the  lack  of  control  of  the  direction  of  the 
gas  causes  it  to  burn  both  the  roof  and  the  side  walls.  This  burning  is 
prevented  by  the  port  cooler,  as  the  gas  port  is  held  to  its  proper  position 
and  also  to  its  original  size,  with  the  result  that  the  fiunace  works  sharply 
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and  coDtiDuouBly  until  the  checkers  become  so  cloi^ed  that  the  furnace 
must  be  shut  down  to  clean  them  and  rebuild  at  least  the  top  courses. 

Fig.  9  shows  a  detail  of  the  Knox  port  cooler,  which  is  so  constructed 
that  a  41'^  in.  (114  mm.)  brick  lining  is  built  in  the  gas  port  in  a  recess,  so 


that  this  lining  is  protected  from  being  destroyed  by  the  products  of 
combustion.  The  outlet  water  is  taken  by  an  internal  pipe  from  the 
highest  point  of  the  port  so  as  to  use  the  minimum  amount  of  coolns 
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water  and  make  a  steam  pocket  impossible.  The  port  coolers  work  best 
with  a  small  head  of  water,  for  which  reason  the  outlet  pipe  is  carried  up 
about  6  ft.  with  a  vent  on  top,  so  that  there  can  be  no  siphoning.  These 
pipe  connections  are  shown  in  Fig.  10.  The  port  cooler  has  a  large 
chamber  in  which  sediment  can  settle  without  any  detriment  to  the 
cooler,  or  the  working  of  the  furnace.  In  many  cases  the  coolers,  when 
cleaned  during  the  reconstruction  of  the  furnace  or  checkers,  have  been 
found  to  contain  8  or  10  in.  of  mud  or  coal  dust,  or  whatever  impurities 
the  feed  water  carries.  Many  of  these  port  coolers  have  been  in  use  for 
several  years,  and  have  a  record  of  from  ISOO  to  2000  heats.  The  design 
has  been  improved  from  time  to  time  and  indications  are  that  they  will 
give  better  service  as  now  constructed. 

Fig.  10  shows  the  coolers  in  the  bulkhead  that  forms  the  back  wall  of  the 
gas  uptake.  This  is  subject  to  a  great  deal  of  wear,  as  most  of  the  heavy 
oxides  and  other  solids  carried  over  with  the  products  of  combustion  go 
through  the  gas  port  and  impinge  on  the  end  wall  of  the  gas  uptake. 
The  bulkhead  coolers  are  arranged  in  a  series  one  over  the  other,  some- 
what like  bosh  plates  in  a  blast  furnace.  There  is  a  tendency  for  the 
division  walls  between  the  gas  uptake  and  the  air  uptakes  to  either 
crack  or  burn  out  so  that  the  gas  and  air  mix,  causing  premature  com- 
bustion. This  is  prevented  by  a  vertical  water-cooled  slab  or  division 
wall  cooler,  also  shown  in  Fig.  10. 

In  order  to  secure  the  best  combustion  in  the  furnace  and  also  to 
protect  the  front  and  back  walls,  it  is  desirable  to  contract  the  opening 
by  thickening  up  the  side  walls  in  front  of  the  gas  port.  This  heavy 
wall  is  called  the  monkey  wall;  frequently  furnaces  are  built  without 
monkey  walls  because  they  are  destroyed  so  quickly  by  the  products  of  . 
combustion.  Monkey-wall  coolers,  which  are  shown  in  Figs.  1  and  10, 
are  water-cooled  slabs  about  2  ft.  (0.6  m.)  wide  and  7  ft.  (2  m.)  high, 
which  project  through  the  roof.  This  permits  them  to  be  easily  placed 
and  removed  and  also  gives  access  to  the  water  connections.  It  also 
forms  a  seal  between  the  monkey  wall  and  the  roof,  where  the  monkey 
wall  first  crumbles  when  it  is  not  protected. 

Fig.  11  shows  a  general  arrangement  of  the  Knox  gas-  and  air-revers- 
ing valves  and  Fig.  12  is  a  detail  of  this  valve.  The  Knox  valve  goes 
back  to  the  first  principles,  as  it  is  based  on  a  simple  vertical  damper 
operating  directly  in  the  flues.  Other  types  of  valves  operate  above  the 
flues  and  require  uptakes  and  downtakes,  which  reduce  the  draft  usually 
to  40  or  50  per  cent,  of  the  stack  draft.  They  have  no  means  for  regulat- 
ing the  draft  except  by  a  stack  damper,  which  does  not  make  any  in- 
dividual control  of  the  furnace  ports  nor  a  separate  control  of  the  gas 
and  air  checkers.  Each  Knox  valve  is  a  regulating  damper;  and  when 
most  of  the  products  of  combustion  go  through  the  gas  checkers,  leaving 
the  air  checkers  cold,  the  gas  valve  can  be  opened  very  slightly,  or  not 
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at  all|  causing  the  draft  to  come  through  the  air  checker  and  heating  it. 
The  valves  are  sUghtly  inclined  so  as  to  insure  close  contact  and  tightness 
between  the  damper  and  the  seat.  There  was  some  question  as  to  the 
effect  of  tar  on  the  surface  of  the  seat,  but  it  has  been  found  that  the  tar 
is  only  a  lubricant,  and  insures  tightness.  The  valve  damper  is  con- 
structed with  a  thin  steel  frame  so  that  the  contact  between  the  damper 
and  the  seat  is  narrow,  but  both  the  damper  and  the  seat  are  machined 
so  as  to  insure  flat  surfaces.  The  construction  of  the  damper,  with 
corrugation  on  the  plates,  takes  care  of  a  slight  difference  in  expansion 
and  contraction  between  the  plates  and  the  outside  frame. 

These  valves  are  now  installed  in  about  75  furnaces  and  are  a  great 
aid  in  having  the  furnaces  work  sharply,  on  account  of  the  assured  draft 
and  the  individual  regulation  of  each  chamber.  The  operating  rigging, 
which  is  in  most  cases  worked  by  an  electric  motor,  is  so  designed  that 
the  gas-reversing  valves  work  in  a  series  ahead  of  the  air-reversing  valves 
so  that  there  is  no  mixture  of  gas  and  air,  which  might  cause  an  explosion, 
especially  when  waste-heat  boilers  are  used. 

Fig^  1  shows  roof-arch  coolers,  back-wall  coolers,  and  water-cooled 
skewbacks.  These  are  not  in  very  general  use,  but  have  their  advantages 
wherever  the  operators  find  that  their  furnaces  are  cutting  out  at  these 
different  points. 

Although  there  is  a  general  tendency  among  managers  of  American 
plants  to  exchange  information  of  value  and  operators  from  one  plant  are 
usually  welcomed  at  other  plants,  direct  reference  to  the  installation  of 
special  apparatus  should  not  be  published.  For  this  reason  the  writer 
has  refrained  from  mentioning  where  the  several  water-cooling  devices 
described  are  in  use.  Engineers  interested  in  the  general  problem  will 
find  these  devices  in  almost  any  plant  they  may  visit  and  will  also  learn 
that  the  problems  to  be  solved  in  one  plant  vary  considerably  from  those 
in  others.  The  only  way  to  secure  the  best  results  is  to  consider  each 
furnace  shop  as  a  different  proposition,  so  that  the  cooling  devices  may 
not  only  be  installed  where  they  are  most  needed,  but  that  the  details 
are  made  to  especially  suit  their  requirements. 

Amount  of  Circulation  Water  Necessary 

The  amount  of  water  necessary  for  circulation  will  vary  not  only 
with  the  size  of  the  different  devices  but  with  the  condition  of  the  furnace. 
It  is  dependent  also  on  the  quality  of  the  water.  When  the  water  con- 
tains lime  or  other  solids  that  precipitate  when  the  water  is  heated,  it 
should  at  onae  be  determined  in  the  laboratory  at  what  temperature  the 
solids  precipitate,  and  the  outlet  water  should  be  kept  from  10°  to  15 
below  this  temperature.  This  may  require  using  more  water  but  insures 
a  longer  life  for  the  equipment  and  less  trouble  for  the  operator  in  clean- 
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ing  it.  If  left  to  the  furnace  operators,  there  is  usually  much  water 
wasted,  as  their  interest  is  in  the  steel  making  and  they  do  not  have  the 
time  to  watch,  the  equipment  closely.  It  is  better  practice  to  have  a 
pipe  fitter  look  after  the  cooling  devices  to  see  that  the  outlet  water  is  as 
hot  as  it  can  safely  be  used.  When  the  installation  is  first  made,  he 
should  give  the  apparatus  very  close  i^ttention  for  the  first  few  weeks, 
starting  with  more  water  than  is  necessary  and  gradually  cutting  down 
the  supply.  By  following  this  method  it  will  be  found  that  the  minimiun 
quantity  of  water  will  give  the  best  results.  Unless  it  contains  a  pre- 
cipitate, there  is  no  reason  why  the  outlet  water  should  not  have  a  tem- 
perature of  between  170^  and  180^. 

Conclusion 

As  stated  at  the  beginning  of  this  paper,  water-cooling  devices  for 
open-hearth  steel  furnaces  should  in  general  follow  the  lines  used  in  iron 
blast  furnaces.  They  should  not,  in  a  practical  sense,  be  exposed  on  the 
inside  of  the  furnace  nor  tend  to  slow  up  operations  but  should  only 
absorb  the  heat  that  would  otherwise  be  radiated  in  the  air  or  be  placed 
where  they  have  a  brick  covering  and  keep  it  hard  enough  to  hold  and 
thus  increase  the  life  of  the  furnace  and  keep  it  true  to  its  best  lines. 
The  writer  has  not  had  the  time  to  incorporate  in  this  paper  the  history 
of  the  development  of  these  and  other  water-cooled  devices;  this  will 
make  an  interesting  subject  for  a  paper  in  itself. 

Many  plant  superintendents  have  devoted  much  thought  to  this 
subject  and  have  developed  equipment  or  contributed  suggestions  that 
have  improved  the  devices  herein  illustrated  and  Mr.  Knox  can  never 
speak  highly  enough  of  the  help,  cooperation,  and  encouragement  that 
he  has  uniformly  received  from  managers,  superintendents,  and  engineers. 
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[bubjbct  to  revibion] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
New  York  meetiac,  February,  1910,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  diseussion  in  writing  may  be  sent  to  the  Editor.  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  i .,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1919.  Any  discussion 
oifered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Welding  MM  Steel* 

BT  H.   M.   HOBARTyt  NEW  YORK|   N.  Y. 
(New  York  Meeting,  February,  1919) 

This  paper  deals  principally  with  investigations  undertaken  by  the 
Welding  Research  Sub-committee  of  the  Welding  Committee  of  the 
Emergency  Fleet  Corporation.  The  general  object  of  the  investigations 
has  been  to  extend  the  use  of  welding  in  the  construction  of  merchant 
ships  and,  specifically,  to  provide  a  definite  basis  for  obtaining  the  best 
economy  and  efficiency  in  employing  welding  in  place  of  riveting  in  the 
construction  of  the  hulls  of  such  ships. 

Composition  of  Ship-plate  Steel 

The  chemical  composition  of  the  steel  employed  in  such  hull  construc- 
tion varies  with  the  thickness  of  the  plates.  Through  the  courtesy 
of  Mr.  H.  Jasper  Cox  of  Lloyd's  Register  of  Shipping,  the  following  in- 
formation may  be  given  concerning  the  kind  of  steel  plate  employed  in 
American  Shipyards  in  1918  for  the  hull  construction  of  merchant  ships. 

Lloyd's  requirements  do  not  relate  to  the  chemical  composition.  They 
require  a  tensile  strength  of  58,000  lb.  per  square  inch  (40.75  kg.  per  sq. 
mm.)  for  their  lower  limit  and  72,000  lb.  per  square  inch  (50.59  kg. 
per  sq.  mm.)  for  their  upper  limit.  For  the  information  of  the  Com- 
mittee, Lloyd's  obtained  from  their  surveyors  at  various  works  data  of 
the  carbon  content,  which  is  as  follows: 

Works  Carbon  Content  for  Plates 

K  In.  Thick  1  In.  Thick 

A 0.14  0.23 

B 0.14  0.25 

C 0.19  0.25 

D 0.20  0.30 

«  f  Upper  Limit 0.30  0.36 

1  Lower  Limit 0  24  0.29 

P  f  Upper  Limit 0.25  0.30 

1  Lower  Limit 0.21  0.27 

^f  Upper  Limit 0.25  0.35 

\  Lower  Limit 0.22  0.28 

*  Report  of  research  under  the  joint  auspices  of  the  National  Research  Council 
and  the  Emergency  Fleet  Corporation. 

t  Chairman,  Welding  Research  Sub-committee. 
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For  shapes,  Works  H  employ: 

Shapes  about  H  in.  thick,  0.24  per  cent,  to  0.30  per  cent,  carbon. 
Shapes  about  1  in.  thick,  0.28  per  cent,  to  0.35  per  cent,  carbon. 
Small  shapes  such  as: 
2K  X  2K  X  Ji-in.  angles,  about  0.15  per  cent,  carbon. 
4  X  4  X  J4'in.  angles,  about  0.20  per  cent,  carbon. 

From  several  tons  of  half-inch  thick  (12.7  mm.)  plate  from  the  Yard  of 
the  Chester  Shipbuilding  Company,  which  was  employed  in  making  many 
sample  welds  in  an  investigation  designated  the  Wirt-Jones  Tests,  seven 
analyses  were  made  at  the  Bureau  of  ^  Standards.  The  maximum  and 
minimum  percentages  of  each  of  the  impurities  for  these  seven  samples 
were  as  follows: 

Maximum  Per  Cent. 

Carbon 0  26 

Manganese 0 .  46 

Phosphorus 0.043 

Sulfur 0.031 

SUicon 0.052 


Minimum  Per  Cent. 
0.24 
0.45 
0.039 
0.027 
0.024 


For  this  material  the  Bureau  of  Standards  reports: 

Yield  point,  38,400  lb.  per  sq.  in. 

Ultimate  tensile  strength,  64,700  lb.  per  sq.  in. 

Elongation  in  2  in.,  31.5  per  cent. 
The  following  manufacturer's  data  apply  to  about  ten  tons  of  half-inch 
ship  plate  supplied  by  the  Worth  Steel  Company  of  Claymont,  Del,  and 
to  be  used  for  testing  electrodes: 

Chemical  Analysis  (Ladle  Analysis) 

Carbon 0.29    per  cent. 

Manganese 0.37    per  cent. 

Phosphorus 0.015  per  cent. 

Sulfur , 0.032  per  cent. 

Physical  Properties 

Tensile  strength — ^Ib.  per  sq.  inch 67,400 

Elongation,  per  cent,  in  8  inches 25 .25  per  cent. 

Another  lot  of  about  l^i  tons  of  }4"  and  1"  ship  plate  kindly 
furnished  to  the  Committee  by  the  American  Steel  and  Wire  Company 
for  the  purposes  of  the  Committee's  researches  was  analyzed  by  the 
Electrical  Testing  Laboratories  with  the  following  result,  four  (4)  analyses 
being  made  for  each  thickness: 


Maximum  Per  Cent. 


HIn. 


1  In. 


Minimum  Per  Cent. 


Hln^ 


lln. 


Carbon 

Manganese. 
Phosphorus 


0.24 
0.44 
0.033 


0.28 
0.53 
0.033 


0.22 
0.40 
0.028 


0.26 
0.47 
0.027 


H.   M.   HOBART  519 

The  specifications  of  the  American  Society  for  Testing  Materials 
for  structural  steel  for  ships  (serial  designation  A  12-16,  p.  98,  A.  S.  T.  M. 
Standards,  1918)  are  in  abstract  as  follows: 

Phosphorus  (acid  steel),  Not  over  0.06  per  cent. 

Phosphorus  (Basic  steel),  Not  over  0.04  per  cent.  ^ 

Sulfur,  Not  over  0.05  per  cent. 

Tensile  strength,  between  58,000  and  68,000  lb.  per  sq.  inch. 

Elongation,  min.  per  cent,  in  8"  l,500,0Gk)/tenfiile  strength. 

From  the  above  data  we  have  a  good  idea  of  the  kind  of  steel  in  con- 
nection with  which  it  was  the  Committee's  first  and  specific  task  to 
investigate  welding. 

Two  kinds  of  Welding  are  under  investigation  at  present: 

(1)  Fusion  Welding. 

(2)  Spot  Welding. 

These  are  totally  different  kinds  of  welding.  The  fundamental  dif- 
ference is  that  while  in  Fusion  Welding  no  pressure  is  employed,  the  suc- 
cess of  Spot  Welding  is  entirely  dependent  upon  the  appUcation  of  both 
heat  and  pressure.  For  the  spot  welding  of  thick  plates,  the  required 
pressure  is  very  great. 

The  main  features  of  each  of  these  two  kinds  of  welding  will  now 
be  stated: 

Fusion  Welding 

The  term  Fusion  Welding  is  employed  to  cover  Gas  Welding  and 
Electric-Arc  Welding. 

Gas  Welding  is  usually  effected  by  simultaneously  fusing  with  an 
oxyacetylene  flame  (1)  the  material  at  and  near  the  surfaces  which  it  is 
desired  to  join,  and  (2)  some  material  (which  is  usually  similar  in  com- 
position) in  the  form  of  a  rod,  the  tip  of  which  is  subjected  to  the  heat 
of  the  flame.  The  oxy-acetylene  flame  is  directed  with  one  hand  and  the 
welding  rod  is  manipulated  with  the  other  hand.  The  operation  is  illus- 
trated in  Fig.,  1  furnished  through  the  courtesy  of  the  Prest-0-Lite 
Company. 

Electric-Arc  Welding  may  be  subdivided  into  several  classes.  The 
two  broadest  classes  are: 

(a)  Carbon-Arc  Welding 

(b)  Metal-Arc-Welding 

In  Carbon-Arc  Welding,  an  arc  is  established  between  a  carbon  or 
graphite  electrode  (usually  a  GRAPHITE  electrode)  and  the  two  pieces 
of  steel  which  it  is  desired  to  join.  This  graphite  electrode  is  manipulated 
with  one  hand  and  a  welding  rod  is  fed  into  the  weld  by  the  other  hand. 
The  operation  of  Carbon-Arc  Welding  is  illustrated  fai  Fig.  2,  supplied 
through  the  courtesy  of  The  Lincoln  Electric  Company.    The  manual 
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activities  in  Carbon-Arc  Welding  are  seen  to  be  quite  similar  to  thoee 
in  Gas  Welding.  In  dfeither  case  is  it  necessary  for  the  material  of  the 
welding  rod  to  traverse  the  arc' 


Fig.  1, — Gas  weldino. 

In  Metal-Arc  Welding,  we  find  a  fundamental  difference  in  this  Utter 
respect,  since  in  Metal-Arc  Welding  of  mild  steel,  the  arc,  instead  of 
having  a  graphite  electrode  for  one  terminal  of  the  circuit,  is  established 

'  Both  for  Carbon-Arc  Welding  and  Gas  Welding,  the  edges  of  the  parts  to  bs 
joiDed  aometimes  may  be  so  designed  as  to  obvia to  the  need  for  any  additional  mateiUl; 
in  other  words,  no  welding  rod  is  necessary  in  such  cases. 
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between  a  steel  welding  rod  (or  welding  electrode)  and  the  two  steel  pftrts 
requiring  to  be  joined.  The  operator  in  Fig.  3  is  employing  Metal-Arc 
Weldii^  to  build  up  an  incorrectly  machined  crank-shaft  journal. 
There  is  always  a  distance  of  a  matter  of  a  tenth  of  an  inch  (2.5  mm.) 
or  more  between  the  end  of  the  welding  rod  and  the  work.  This  distance 
is  bridged  by  an  electric  arc.  The  form  in  which  the  steel  exists  durmg 
its  passage  from  one  end  of  the  arc  to  the  other  is  at  present  the  subject 
of  investigation  by  several  independent  experimentors. 


Fio.  2. — Cabbon-arc  welding.' 

Their  conclusions  are  awaited  with  interest.  The  material  cannot 
pass  as  a  continuous  liquid  stream,  since  then  there  could  be  no  inter- 
ruptions in  the  metallic  circuit  and  hence  there  could  be  no  arc.  It  can 
pass  as  a  series  of  liquid  drops,  and  these  can  even  momentarily  short- 
circuit  the  arc,  the  duration  of  the  short-circuit  being  too  brief  to  be 
appfu«nt  to  the  operator  or  ordinary  observer  unaided  by  special 
apparatus.  Or  the  drops  can  be  so  minute  as  to  be  incapable  of  effecting 
a  short-circuit.  If  this  should  be  the  case,  we  can  conceive  of  the  metal 
passing  as  a  stream  of  finely-divided  liquid.  Still  another  possibility  is 
that  the  steel  may  pass  as  a  highly-heated  gas  and  condense  on  the 
appOBite  surfaces.    It  is  suggested  by  physicists  that,  in  its  passage 
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through  the  arc,  the  steel  may  UDdei^o  instantaDeous  transformations  of 
which  DO  human  knowledge  at  present  exists. 

There  would  appear  to  be  more  of  these  complex  possibilities  in 
Metal-Arc  Welding  than  in  Gas  Welding  or  in  Carbon-Arc  Welding. 
Nevertheless,  it  is  precisely  Metal-Arc  Welding  which  is  at  present  proving 
very  attractive  to  engineers.  It  is  too  early  to  return  a  verdict  m  U) 
whether  this  wide-spread  tendency  toward  Metal-Arc  Welding  ia  based 
on  sound  premises  or  whether  there  ultimately  may  not  be  a  reactioa 
(for  certain  kinds  of  work)  back  to  Carbon-Arc  Welding.  It  may  be 
that  there  has  been  undue  precipitancy  in  the  general  stampede  which 
has  taken  place  from  Carbon-Arc  Welding  (which  was  the  first  to  be 
developed)  to  Metal-Arc  'Welding,  which  is  a  later  development. 

Spot  Welding 

Spot  Welding,  as  developed  for  use  in  ship  construction,  consiEb 
in  bringing  into  good  contact,  by  hydraulic  or  pneumatic  pressure,  over- 


i''io.  it. — Mei:ai.-abc  welding. 


lapping  portions  of  the  plates  or  parts  requiring  to  be  joined,  and  in 
sending  through  the  spot  of  contact  a  sufficiently  large  current  to  heat  the 
plates  or  parts  at  this  point  to  a  welding  temperature.  The  wdd  is 
effected  by  the  combination  of  pressure  and  heat.  I 


H.  H.  HOBABT  523 

Several  lar^e  spot  welders  have  been  built.  With  one  of  these 
(which  was  an  experimental  machine),  sufficient  pressure  and  current 
were  available  to  weld  together  three  one-inch  thick  plates.  The  usual 
construction  of  commercial  spot  welders  for  use  in  shipbuilding  is  similar 
m  general  appearance  to  so-called  Bull-Riveters.  The  largest  spot 
welder  yet  built  for  actual  use  in  ship  fabrication  has  a  six-foot  (1.  8  m.) 
gap.  This  outfit  is  a  large  stationary  machine  to  which  the  steel  plates 
and  shapes  must  be  brought.  It  is  planned  that  Bulk-heads,  Frames, 
FloOTB,  and  other  parts  shall  be  constructed  with  it  and  shall  then 
be  transported  by  cranes  to  their  places  in  the  ship.    This  six-foot-gap 


Fia.  4. — Duplex  b\ 

machine  is  designed  with  capacity  to  weld  two  three-quarter-inch-thick 
plates.  It  provides  a  pneumatic  pressure  of  60,000  lb.  and  a  current 
of  50,000  amperes  and  welds  simultaneously  two  spots,  each  of  some 
\-}4  inch  diameter,  in  about  30  seconds.  With  less  current  a  longer 
time  is  required,  and  vice-versa.  This  particular  spot  welder,  which 
is  shown  in  Fig.  4,  was  built  by  the  General  Electric  Company  and  is 
known  as  a  Duplex  Welder.  This  name  is  due  to  the  feature  that  TWO 
spots  are  atmuUaneoualy  welded,  the  current  croBsing  the  plate  in  one 
direction  between  two  electrodes  and  then  back  again  between  two  other 
electrodes. 

Two  transformers,  one  located  on  each  side  of  the  plate,  are  comprisad 
in  the  outfit.  The  arrangement  is  indicated,  diagrammatically  in  Fig- 
ure 5,  in  which: 

AA  represents  the  two  primaries. 

BB  represents  the  two  secondaries  (which,  in  the  actual  construction, 
hav^e  only  one  turn  each). 
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CC  and  DD  represent  the  electrodes  between  which  the  current  Bovs 

and  between  which  the  pressure  is  exerted. 
EE  represents  the  two  plates  to  be  joined. 

The  chief  object  of  this  duplex  feature  is  to  eliminate  the  large  resel- 
ance  drop  of  a  conducting  loop  some  six  feet  long  and  one  foot  wide  wheo 
traversed  by  some  50,000  amperes  of  60-cyc!e  current.  This  amounle 
to  approximately  25  volts.  Mr.  J.  M.  Weed,  the  designer  of  the  machine, 
reports  the  interesting  fact  that  the  presence  in  the  gap  of  the  plates 
to  be  welded,  only  decreased  the  current  some  tea  per  cent.  This  6-foot- 
gap  machine  weighs  six  tons. 


FlO.  S. — WlBINO  DIAGSAM  Or  DtTPLEX  SPOT  mhOBR. 

In  some  other  lai^e  spot  welders  of  somewhat  reduced  size  and 
capacity,  the  duplex  feature  is  not  employed  and  only  one  spot  is  welded  at 
each  application  of  the  current.  A  portable  welder  of  this  type  (built  by 
the  General  Electric  Company)  and  having  a  27-ineh  (68.5  cm.)  gap,  is 
shown  in  Fig.  6.  This  machine  weighs  only  2800  lbs.  (1271  kg.).  In 
this  case  only  one  transformer  is  employed,  and  the  circuit  connections 
are  those  shown  in  Figure  7,  in  which: 

A  represents  the  Primary  of  the  Transformer. 

B  represents  its  Secondary. 

C  and  D  represent  the  electrodes. 

E  and  F  represent  the  2  plates  to  be  welded. 
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In  all  spot  welders  for  welding  thick  platee,  the  electrodes  are  water- 
cooled.* 

When,  in  the  Spring  of  1918,  Prof.  C.  A.  Adamo,  of  the  Welding  Com- 
mittee of  the  Emergency  Fleet  Corporation,  appointed  several  of  us 
to  be  members  of  a  Welding  Research  Sub-Committee,  we  found  our- 
selves facing  a  task  of  great  interest  and  importance  and  of  enormous 
infinitude.  It  was  desired  that  our  investigations  should  be  directed 
chiefiy  to  the  application  of  welding  in  the  construction  of  the  hulls  of 
merchant  ships.  Much  interior  work  on  ships  was  already  being  per- 
formed very  successfully  with  Fusion  Welding  and  it  appeared  strot^ly 


'  Flo.    6. POKTABLB   SPOT   WELDEB   WITH   27-INCH   GAP. 

indicated  that  the  time  was  ripe  for  the  extension  of  the  application  to 
the  hulls  of  ships,  with  the  prospect  of  producing  work  not  only  fully 
equal  (and  probably  superior)  to  that  obtained  by  riveting,  but  also  dis- 
tinctly quicker  and  cheaper.  At  that  time  a  welded  barge  was  already 
nearly  completed  in  England.  The  Welding  Research  Sub-Committee 
ascertained  that  severj  American  railways  had  for  some  time  employed 
Fusion  Welding  extensively  in  routine  repairs  of  locomotives  and  that 
a  matter  of  possibly  a  couple  of  thousand  arc  welders  were  at  that  time 
employed  by  American  Rtulways.  The  extensive  and  successful  use  of 
Fusion    Welding  for  locomotive  repairs,  in  itself  constituted  strong 

*  ELccellent  discuaaions  of  the  subject  of  spot  weldiog  and  deecriptions  of  several 
■pot  weldera  built  for  me  in  ship  coustruction  are  given  in  the  four  following  paprav  in 
the  Geticral  EUatrie  Review,  December,  1918:  Research  in  Spot  Welding  of  Heavy 
Plattt  by  W.  L.  Merrill,  p.  910;  Spot  Welding  and  Some  of  its  AppUc&tions  to  Ship 
Conatruction  by  H.  A.  Winne,  p.  623;  An  Electrically  Welded  Freight  Carby  Jos.  A. 
Oabome,  p.  912;  Some  Recent  Developments  in  Machines  for  Electric  Spot  Welding 
aa  a  Substitute  for  Riveting  by  J.  M.  Weed,  p.  939. 
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evidence  of  the  ability  of  such  welds  to  withstand  vibration  and  shock 
in  addition  to  their  proven  excellence  with  respect  to  tensile  strength. 

Any  doubts  entertained  by  the  Committee  related  chiefly  to  the  ques- 
tion of  which  of  many  ways  in  which  it  had  been  demonstrated  that  good 
Fusion  Welding  could  be  done,  was  .the  best  way.  Furthermore,  as 
regards  such  mild-steel  plates  as  are  employed  in  the  construction  of 
merchant  ships,  it  was  soon  demonstrated  that  while  sound  and  quite 
ductile  welds  could  be  depended  upon  for  plates  of  not  over  one-half-inch 
thickness,  there  was  less  certainty  of  good  results  with  plates  of  greater 
thickness.  But  at  that  time  there  was  no  general  recognition  of  the 
most  suitable  current  to  be  employed  for  welding.  It  was  rare  to  find 
more  than  150  amperes  used,  even  for  the  heaviest  work,  and  as  low  as 
100  to  126  amperes  was  found  to  be  frequently  employed  for  wdding 
plates  of  half-inch  thickness. 


Fig.  7. — Wiring  diagram  of  portable  spot  welder  with  27-inch  gap. 


It  now  has  been  quite  conclusively  shown  that  stronger  and  more 
ductile  welds  of  half -inch-thick  plates  are  obtained  by  using  at  least  200 
amperes.  The  author  believes  that  fully  300  amperes  should  be  used 
for  butt-welding  three-quarter-inch-thick  plates  and  a  matter  of  at  least 
400  amperes  for  one-inch-thick  plates.  These  are  some  twice  as  great 
currents  as  have  heretofore  usually  been  employed  in  arc-welding  plates 
of  these  thicknesses. 

In  view  of  this  subsequent  experience,  it  is  clear  that  the  disappoint 
ing  lack  of  strength  and  ductility  in  certain  welds  of  thick  plates  made 
nearly  a  year  ago  was  a  practically  certain  consequence  of  using  such 
small  currents. 

It  would  be  easy  to  yield  to  the  temptation  to  enter  discursively  upon 
comments  and  opinions  regarding  the  many  points  on  which  experienced 
welding  spfckSadi^  hdld  widely  (Svcfrgtag  opfinious.    All  th^  spwaalists 
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are  producing  thoroughly  reliable  work,  but  this  is  not  saying  that  they 
are  all  producing  nearly  as  good  work  as  could  be  produced  under  the 
most  appropriate  conditions  for  each  case.  Indeed,  the  Author's  obser- 
vations lead  him  to  the  conclusion  that  while  excellent  arc  welding  is 
being  done  on  a  wide  scale,  there  is  a  margin  for  improvement  over  the 
present  average  quality,  which,  so  far  as  it  can  be  expressed  by  a  sort  of 
resultant  of  such  physical  characteristics  as: 

(a)  Bending  and  Torsion  Tests 

(b)  Tensile  Strength 

(c)  Elongation  at  Fracture 

may  be  assessed  as  amounting  to  at  least  twenty-five  percent. 

The  author  has  attempted  to  make  a  list  of  some  of  the  points  which 
are  the  subject  of  discussion,  and  (while  usually  not  going  at  much  length 
into  the  questions),  to  make  reference,  in  some  instances,  to  the  views  and 
evidence  on  each  side  of  a  question.  It  has  been  the  Author's  thought 
that  such  a  summarized  presentation  might  constitute  the  foundation 
for  an  instructive  discussion. 

The  list  is  as  follows: 
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1.  Bare  and  Ck)vered  Welding  Wire 528 

2.  Salvaging  Welding  Wire 528 

3.  Preferable  Bond  of  Covering  for  Welding  Wire 628 

4.  Preferable  Ck>mpoBition  fot  Bare  Welding  Wire 529 

5.  Composition  of  Metal  Deposited  in  Weld 531 

6.  Polarity ' 532 

7.  Direct-current  Versus  Alternating-current  for  Arc  Welding ....  633 

8.  Periodicity  for  Alternating-current  Arc  Welding 633 

9.  Bare  or  Covered  Electrodes  for  Alternating-current  Are  Welding  .  534 

10.  Relative  Speeds  of  Alternating-  and  Direct-current  Welding  .    .     534 

11.  Comparative  Quality  of  Arc  Welds  Made  with  Alternating  Current 

and  with  Direct  Current  . 534 

12.  Power  Factor  for  Alternating-current  Arc  Welding 535 

13.  Alternating-current  Welding  is  Essentially  a  Single-phase  Load  .  535 

14.  Spot  Welding  is  a  Single-phase  Load 536 

15.  Ductility  of  Arc  and  Gas  Welds      637 

16.  Respective  Fields  of  Gas  and  Arc  Welding 637 

17.  Relative  Ductility  of  Welds  with  Bare  and  Covered  Electrodes  .    .  541 

18.  Speed  of  Arc  Welding 5^1 

19.  Suitable  Current  for  Given  Cases 543 

20.  Efifect  on  Arc  Welding  of  Voltage  Employed 544 

21.  Preferable  Size  of  Electrodes 544 

22.  Automatic  Machinery  for  Arc  Welding 545 

23.  Carbon  Arc  Welding      545 

24.  Preparation  of  Welding  Edges      546 

25.  Quality  of  Overhead  Arc  Welding 546 

26.  Number  of  Layers  to  be  Employed 547 

27.  Rigid  vs.  Non-rigid  Methods  of  Welding 647 

2S.  ConseqaemMB  of  Different  Lengths  of  Are 548 
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29.  Spot  and  Arc  Welding 549 

30.  Condition  of  Surfaces  to  be  Welded 549 

31.  Preheating,  Heat  Treatment,  and  Hammering  while  Ck)oling    .    .  550 

32.  Time  Required  to  Train  Welders 550 

33.  Question  of  Need  for  Special  Machines  for  Welding 550 

34.  Technique  of  Testing  Welds 550 

1.  Bare  and  Covered  "Welding  Wire 

The  kinds  of  electrodes  advocated  and  actually  used  in  the  art  range 
all  the  way  from  the  cheapest  fence  wire,  costing  but  a  few  cents  per 
pound  (say  at  present  prices,  some  lOji  per  lb.)  up  to  carefully  treated 
and  covered  electrodes,  certain  types  of  which  cost  over  five  times  as 
much  as  bare  electrodes.  Some  makes  of  covered  electrodes  are,  how- 
ever, obtainable  at  reasonable  cost  (such  as,  at  present  prices,  some  20^ 
to  25^  per  lb.).  One  type  of  electrode  must  yield  results  unifonnly 
superior  to  those  obtained  with  another  type  in  order  to  afford  economic 
justification  for  a  five-times  greater  price. 

2.  Salvaging  Welding  Wire 

As  to  bare  electrodes  it  is  generally  considered  that  uniformity  is 
very  essential.  An  operator  may  be  getting  along  very  nicely  but  ^ 
suddenly  come  to  bad  places  in  the  welding  wire.  Heretofore  it  has 
been  considered  necessary  to  reject  such  wire.  The  claim  is  now  mile 
by  some  people  that  by  merely  dipping  the  electrode  wire  in  suitable 
material,  it  may  be  salvaged.  Thus  in  the  Welding  Committee's  Speci- 
fication for  Electrode  Wire  (given  at  page  631  of  this  paper)  occurs  a  note 
to  the  effect  that  "If  electrodes  to  the  above  Specification  sputter  or 
flow  unevenly,  they  may  be  dipped  in  milk  of  lime  (whitewash)  before 
welding.  This  dipping  may  be  done  in  quantity  on  stoek  on  hand  and 
allowed  to  dry,  or  the  welder  may  keep  a  pot  of  solution  on  hand  into 
which  the  electrode  may  be  dipped  immediately  before  welding."  This 
method  of  salvaging  electrode  wire  was  developed  by  the  Schenectady 
Research  Laboratory  of  the  General  Electric  Company. 

Also,  it  has  been  demonstrated  by  Mr.  E.  Wanamaker  that  the  ap- 
plication, by  dipping,  of  a  kind  of  coating  which  he  has  devdoped  (and 
the  precise  composition  of  which  he  will  doubtless  contribute  to  fte 
discussion  of  this  paper),  permits  of  doing  gopd  work  with  electrodes 
which  would  otherwise  be  useless. 

3.  Preferable  Kind  of  Covering  for  Welding  Wire 

With  regard  to  covered  electrodes,  while  some  claim  that  a  thin 
covering  obtained  by  dipping,  atjcomplishes  the  desired  purfiose,  others 
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contend  that  it  is  desirable  to  provide  a  thick  cQvering  of  appropriate 
mateijal,  which,  in  turn,  is  suitably  impregnated.  Moreover,  even 
for  covered  electrodes,  the  usual  belief  is  that  the  greatest  care  should 
be  given  to  the  composition  and  quality  of  the  welding  wire  to  which  the 
covering  is  applied.  In  other  words,  it  is  not  generally  held  that  the 
use  of  inferior  wire  salvaged  as  indicated  under  (2),  will  permit  of  obtain- 
ing the  best  quality  of  welds.  It  is  important  that  the  covering  shall 
be  so  designed  as  to  be  consumed  at  a  definite  rate  as  compared  with 
the  rate  of  consumption  of  the  enclosed  welding  wire.  A  consequence  is 
that  any  particular  gauge  of  COVERED  welding  wire  must  be  used 
within  rather  close  current  limits. 

For  OVERHEAD  WELDING  one  firm  exploiting  covered  electrodes 
supplies  a  special  (and  additionally  high-priced)  grade  in  which  the 
covering  is  impregnated  with  a  more  viscous  material  than  is  used  for 
the  electrodes  which  the  firm  supplies  for  other  welding  operations. 

4.  Preferable  Composition  for  Bare  Welding  Wire 

There  is  a  great  diversity  of  practice  as  to  the  preferred  composition 
of  bare  electrodes  suitable  for  welding  mild  steel  plates.  As  instances  of 
extremes  it  may  be  said  that  amongst  widely  used  electrodes,  while  one 
type  consists  of  almost  pure  iron,  other  types  have  nearly  two-tenths  of 
one  percent  of  carbon  and  one-half  of  one  percent  of  manganese,  and  still 
other  types  run  very  much  higher  than  this  in  manganese.  This  is  quite 
aside  from  the  subject  of  special  compositions  for  welding  high-carbon 
steel  and  for  welding  cast  iron.  It  is  anticipated  that  quantitative 
measurements  will  indicate  superiority  in  tensile  strength  for  some  com- 
positions and  superiority  in  ductility  for  other  compositions.  Mr.  R. 
E.  Wagner  has  exhibited  some  very  ductile  welds  made  with  electrodes 
containing  small  percentages  of  magnesium  and  of  boron  sub-oxide. 

It  is  only  within  the  last  few  months  that  there  have  been  available 
any  specifications  for  use  in  establishing  the  merits  of  welding  wire. 
These  are  now  available  in  the  Welding  Committee's  specification  setting 
forth  a  "Standard  Procedure  for  Testing  Welding  Electrodes.''  This 
specification,  which  is  given  in  Appendix  A  to  this  paper,  was  prepared 
by  the  Welding  Research  Sub-Committee  in  collaboration  with  Prof. 
H.  L.  Whittemore  representing  the  Bureau  of  Standards  and  with  rep- 
resentatives of  manufacturers  of  welding  electrodes. 

In  Table  1  are  given  the  compositions  of  various  electrodes  in  current 
use.  Prior  to  publication,  the  data  in  this  Table  was  submitted  to  the 
manufacturers  concerned,  who,  in  six  instances,  improved  the  oppor- 
tunity to  correct  the  data  to  conform  with  their  latest  practice. 

The  American  Steel  &  Wire  Company  has  requested  the  omission 
from  the  above  Table  of  any  analj^ses  of  electrodes  which  it  has  furnished 
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Table  1. — Composition  of  Welding  Electrodes 


Trade  Designation  of  Electrode 


Silicon' 


Bemarb 


Page  Steel  A  Wire  Co. 

Armoo 

Wilson  Welder*  A  Metals  Co. 

Grade,  No.  6 


0.01 

0.15 

to 
0.23 
0.30 

to 
0.40 
0.17 

to 
0.22 
Grade,  No.  17 0. 10 


Grade,  No.  0. 
Grade,  No.  8. 


Quasi  ArcrCo. 


0.08 

to 
0.12 


Roebling  Co 

Tonoan  wire 

Electric  Arc  Cutting  A  Welding  Co. 
Siemund  Wensel  Co 


Norway-iron  Wire 

Double  Arc  Co  ,  of  England 

T.  Scott  Anderson  Co.,  of  England. 
E.  A.  Jones  ft  Co.,  of  England .... 


Engineering  and  Equipment  Co., 
of  England 

Central  Steel  &  Wire  Co. 
Swedox 

The  Spencer  Wire  Co. 
Basic  open-hearth  steel  electrode 


0.12 
0.05 
0.06 


I 
0.025.     0.005 


0.60    less  than 

to 

0.75 

about 

1.00 


0.04 


less  than 
0.04 


0.30  leas  than 

to  0.04 

0.45  < 

0.30  !     0.06 

to  > 

0.45 

0  45  0.00 

to  to 

0.55  ,     0.06 


0.16 

0.56 

0.032 

0.10 

0.16 

0.01 

0.25 

0.30 

0.05 

0.10 

0.80 

0.05 

and 

to 

and 

under 

0.50 

under 

0.05 

0.02 

0.025 

0.085 

0.35 

0.057 

0.32 

0.22 

0.25 

0.001 

0.51 

0.18 

0.12 

to 
0.20 


0.04 

0.013 

and 

under 


0.025     0.005 

I 

leas  than 
0.04 

leas  than' 

0.04 

I 

than 
0.04     ' 

0.06 


Also   0.25  par  eent 
oopper. 


0.00 

to 
0.06 


0.024 
0.046 
0.05 
0.05 
and 
under 
0.007 
0.054 
0.026 
0.026 


0.03 

and 

under 


0.05 

to 
0.08 


Flux  covering  of  blue 
asbestoa  fiber  (Croci- 
dolite)  enelosing  per- 
centage of  slomiBiUB 
or  other  metsl  in 
form  of  finenireesp- 
able  of  giring  strooc 
reducing  aotioa. 


.1 


0.016; 

trace 
0.05 
trace 


0.08 

0.108;  Flux  covered. 
0.0141  Flux  covertd. 
0.024'  Niokel-Dlatedandiu 

covered. 


0 .  08     I  0 .  016  Flux  covered 


for  arc  welding.  This  is  for  the  reason  that  material  has  been  supplied  to 
a  large  number  of  users,  varying  considerably  in  analyses  in  accordance 
with  the  ideas  of  the  purchasers.  There  does  not  as  yet  seem  to  be  an 
agreement  as  to  the  most  advantageous  chemical  composition  for  elec- 
trodes, and  the  Company  is  not  prepared  either  from  observations  of  the 
results  obtained  by  its  customers  or  from  its  own  experimental  work  to 
make  a  definite  recommendation. 

The  Welding  Committee  has  issued  the  following  Specification  for 
Electrode  Wire  for  Electric  Welding.  The  specification  was  prepared 
under  the  immediate  direction  of  Mr.  Herman  Lemp. 
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SracincATioN  tor  Elbctbodb  Wire  fob  Elbctric  Welding  in  Connbction  with 

Mild  Stebl 

Welding  Committee  Emergency  Fleet  Corporation 

RivisxD  TO  Dbcbmbbb  20, 1018 

(Note: — ^Thifl  wire  may  or  may  not  be  covered) 

1.  ChemicaU  Compoeiiion 

Carbon '. Not  over  0. 18% 

Manganese "      "    0.55% 

Phosphorus 

Sulphcr 

SiUcon "      "    0.08% 

2.  Sizes  and  Weights 


CI 

u 


"    0.05% 
"     0.05% 


Diameter,  in  Mils 

Diameter,  in  Fractions 
of  an  Inch 

Pounds  per  100  Ft. 

Feet  per  100  Lb. 

125 
156 
188 

H2 

4.16 

6.51 
9.37 

2400 
1535 
1066 

(Allowable  tolerance  6  mils  plus  or  minus) 

3.  Material. — The  material  from  which  the  wire  is  manufactured  shall  be  made  by 
any  approved  process.     Material  made  by  puddling  proeeas  not  permitted. 

4.  Physical  Properties. — Wire  to  be  of  uniform  homogeneous  structure,  free  from 
oxides,  pipes,  seams,  etc.,  as  proved  by  photomicrographs. 

5.  Workmanship  and  Finish. — (a)  EHectric  welding  wire  shall  be  of  the  quality  and 
finish  known  as  the  "Bright  Hard"  or  "Bright  Soft"  finish— "Black  Annealed" 
or  "Bright  Annealed"  wire  shall  not  be  suppli^. 

(b)  The  surface  shall  be  free  from  rust,  oil  or  grease ;  a  slight  amount  due  to  lubrica- 
tion during  last  drawing  is  permissible. 

6.  Tests. — Electrodes  must,  before  shipment  or  after  delivery,  show  good  com- 
mercial weldability  when  tested  by  an  experienced  arc  welder.  The  electrode  material 
shall  flow  smoothly  in  relatively  small  particles  through  the  arc  without  any  detri- 
mental phenomena. 

Note: — If  Electrodes  to  above  specifications  sputter  or  flow  unevenly,  they  may 
be  dipped  in  milk  of  lime  (whitewash)  before  welding.  This  dipping  jnay  be  done  in 
quantity  on  stock  on  hand  and  allowed  to  dry,  or  welder  may  keep  a  pot  of  solution 
on  hand  into  which  the  electrode  is  dipped  immediately  before  welding. 

7.  Ddioery,  Packing  and  Shipping. — Electrodes  shall  be  furnished  in  straight 
lengths  of  either  14  inches  or  28  inches,  put  up  in  bundles  of  50  poimds  or  100  poimds 
as  ordered.  Each  bundle  shall  be  wrapped  in  heavy  paper  securely  wired  and  marked 
on  one  end  showing  diameter  in  mils,  trade  name  and  grade  of  wire. 


6.  Composition  of  Metal  Deposited  in  Weld 

A  few  analyses  have  been  made  of  chemical  compositions  of  the  metal 
deposited  in  the  weld.  Results  of  the  analyses  of  four  sets  of  electrodes 
before  and  after  the  metal  was  deposited  are  quoted  below  from  the 
Westinghouse  chapter  in  Captain  Caldwell's  report.  To  these  results 
are  added  analyses  of  Toncan  Wire  as  supplied  to  the  author  by  Mr. 
R.  E.  Wagner. 
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Ancdyses  of  Electrode — Per  Cent,  of  Impurities 

Carbon 

Mangancfle 

Phoephonia 

Sulfur                 Silicon 

1 

RfOebling 

0.16 
0.049 
0.11 
0.13  to  0.17 
0.10 

0.56 
0.021 

0.032 

0  02/> 

0.024 
0.007 
0.123 
0.045 
0.046 

0.016 

Norway 

0.08 

Vm/*    xV*    O*  ••«••••••> 

XX*       Xva      0«    •••••■••«• 

Toucan 

0.72               0.097 
0.50               0.012 
0.16               0  010 

0.011 
0.011 
trace 

Analyses  of  Deposited  Metal — Per  Cent,  of  Impurities 


Carbon 


Manganese    i    Phosphorus 


Sulfur 


Silicon 


Roebling . 
Norway . . 
O.  xv.  S. . . 

AX.    Xv.    S..  . 

Toncan . . . 


0.05 
0.05 
0.05 
0.14 
0.042 


0.18 

0.018 

0.11 

0.14 

0.081 


0.031 
0.020 
0.086 
0.012 
0.019 


0.036 
0.072 
0.072 
0.039 
0.026 


0.011 
0.011 
0.011 
0.011 
0.000 


It  is  notable  that  most  of  the  carbon  and  manganese  is  burned  out  in 
traversing  the  arc. 

6.  Polarity 

For  carbon-arc  welding,  the  standard  practice  is  to  connect  the  graph- 
ite*^ electrode  to  the  negative  terminal.  Mr.  Wagner  states  as  his  ex- 
perience that  it  is  very  difficult  to  weld  with  the  carbon  arc  when  the 
polarity  of  the  carbon  is  positive.  He  states  it  to  be  almost  imposable 
to  direct  the  heat  to  the  point  desired  and  the  welding  qualities  of  the 
arc  under  this  condition  are  very  poor.  He  concludes:  *'Our  experience 
has  taught  us  that  it  is  next  to  impossible  to  weld  with  a  carbon  arc 
unless  the  work  is  positive  and  the  electrode  negative." 

For  metal  arc  welding  with  bare  wire,  the  electrode  is  usually  con- 
nected to  the  negative  terminal,  but  instances  occur  of  bare  welding  wire 
which  works  best  when  the  opposite  polarity  is  employed.  Also  for 
some  particular  sizes  and  sorts  of  welds  best  results  are  sometimes  ob- 
tained by  a  reversal  of  the  polarity.  With  electrodes  heavily  covered 
with  flux,  the  positive  terminal  is  almost  always  connected  to  the  elec- 
trode. Plenty  of  more  or  less  plausible  reasons  for  these  differences  have 
been  offered  on  various  occasions.  On  careful  reflection  none  of  these 
reasons  prove  particularly  satisfying.  Amongst  other  considerations 
the  fact  of  the  entire  practicability  of  arc  welding  from  an  alternating- 
current  circuit  and  of  Overhead  Welding  have  to  be  taken  into  account 
in  judging  some  of  these  explanations.  As  yet,  we  have  no  satisfactor}' 
hypothesis  as  to  what  goes  on  in  the  welding  arc. 
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7.  DiBECT  CURBBNT  VbHSUS  ALTERNATING  CuRRBNT  FOR  ArC  WeLDING 

While  up  to  rather  recently  it  had  usually  been  contended  that  arc 
wdding  required  a  direct-current  supply,  there  are  now  many  advocates 
of  alternating  current. 

Mr.  E.  H.  Jones  in  the  course  of  the  discussion  of  Major  James 

CaldweU's  paper  entitled  "Notes  on  Welding  Systems"  read  on  Jan.  22, 

1918;  before  the  Institution  of  Engineers  and  Shipbuilders  in  Scotland, 

stated:  "He  would  like  to  take  this  opportunity  of  drawing  attention  to 

the  undoubted  merits  of  alternating  current  for  arc  welding.    For  some 

reason  which  he  was  unable  to  fathom,  the  general  impression  was  that 

direct  current  was  superior  to  alternating  for  arc  welding,  but  as  a 

matter  of    fact  he  found  that  alternating  current  was  far  superior  to 

direct  current,  and  he  would  recommend  the  use  of  alternating  current  on 

every  possible  occasion.    Apart  entirely  from  the  capital  outlay  needed, 

which  was  vastly  higher  in  the  case  of  direct  current,  the  control  of  the 

current  was  much  easier  to  effect.    ...     He  estimated  that  the  amount 

o!  current  which  would  be  necessary  to  feed  20  operators  with  direct 

current  would  suffice  to  feed  28  with  alternating  current." 

Mr.  R.  E.  Wagner's  experience  is  as  follows:  "Electric  welding  may 
be  done  with  alternating  current  as  well  as  with  direct  current.  It  is  a 
little  more  diflScult  to  hold  the  arc,  but  this  simply  resolves  itself  into  a 
matter  of  practice.  Men  who  have  been  regularly  doing  arc  welding 
with  direct  current,  very  quickly  learn  how  to  handle  the  alternating 
current  arc." 

At  present  there  appears  to  be  no  agreement  as  to  the  applicability 
of  alternating  currenft  to  Carbon  Arc  Welding. 


8.  Periodicity  for  Alternating-current  Arc  Welding 

Amongst  the  advocates  of  the  use  of  alternating  current,  there  is  no 
igreement  with  reference  to  the  periodicity.  Although  it  is  generally 
naintained  that  arc  welding  is  only  thoroughly  practicable  with  as  high 
\  periodicity  as  fifty  or  sixty  cycles  per  second,  there  is,  on  the  other 
land,  expression  given  to  the  opinion  that  the  use  of  twenty-five  cycles, 
ff  less,  is  equally  satisfactory.  In  October,  1918,  Mr.  R.  E.  Wagner 
eported  to  the  Welding  Research  Sub-committee,  that  at  the  Pittsfield 
Works  of  the  General  Electric  Co.  he  had  found  from  his  tests  that 
Itemating  current  for  arc  welding  could  be  used  with  a  frequency  as  low 
8  12}^  cycles  and  as  high  as  500  cycles.  Mr.  Wagner  states  that  while 
here  is  no  difficulty  at  either  of  these  extreme  periodicities,  the  arc  is 
lore  readily  held  at  600  cycles  than  at  12J^  cycles. 


534  welding  mild  steel 

9.  Bare  or  Covered   Electrodes  for  Alternating-current 

Arc  Welding 

While  some  maintain  that  arc  welding  with  alternating  current 
is  only  at  its  best  when  flux-covered  electrodes  are  used,  it  appears 
to  have  been  conclusively  demonstrated  by  others  that  excellent  results 
are  being  obtained  under  commercial  conditions  with  bare  electrodes 
and  an  alternating-current  supply.  A  novice  can  more  quickly  leam  to 
weld  from  an  alternating-current  supply  if  he  employs  flux-covered  elec- 
trodes. But  if  he  can  ultimately  learn  to  weld  just  as  rapidly  and  suc- 
cessfully with  bare  electrodes,  the  difficulties  in  the  initial  stages  of  his 
education  should  not  be  regarded  as  being  of  much  consequence.  Mr. 
Wagner  finds  that  when  welding  with  altewiating  current,  **  manipula- 
tion may  be  simplified  in  many  cases  by  treating  the  electrode  with  a 
thin  coating  of  ordinary  lime." 

10.  Relative  Speeds    of   Alternating-current  and  Direct-cur- 
rent Arc  Welding 

Some  contend  that  alternating-current  welding  is  slower.  As  an 
instance  of  a  diametrically  opposite  experience,  the  following  recently 
received  record  of  test  of  a  certain  electrode  may  be  quoted: 

"Its  operation  on  140  amperes,  115  volts  alternating  current  is  very 
good.  It  also  works  satisfactorily  on  130  amperes,  75  volts  direct  current, 
but  the  metal  flows  more  slowly  on  direct  current  than  on  alternating 
current. " 

The  record  concerning  another  type  of  electrodp  tested  on  the  same 
occasion,  reads  as  follows: 

"This  electrode  was  tried  on  ^e^pla^e,  120  amperes,  direct  current, 
75  volts.  Its  operation  is  satisfactory.  It  also  works  satisfactorily  at 
140  amp.,  alternating  current,  115  volts,  but  its  operation  on  alternating 
current  is  not  quite  as  good  as  on  direct  current." 

Mr.  R.  E.  Wagner,  who  has  had  much  to  do  with  the  development  (rf 
both  kinds  of  welding,  states  that  "on  the  average  the  speed  of  welding 
with  alternating  current  and  direct  current  are  about  the  same.  We 
have  had  cases  where  alternating  current  is  faster  and  vice  versa." 

11.  Comparative  Quality  of  Arc  Welds  Made  With  Alternatino 

Current  and  with  Direct  Current 

It  is  contended  that  the  greater  difflculty  of  maintaining  an  alternatr 
ing-current  arc  (involving  the  necessity  of  acquiring  the  skill  to  hold  * 
very  short  arc),  entails  as  a  consequence  that  an  altemating-cunent 
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wdd  is  of  superior  quality.    An  experienced  observer  reports  his  experi- 
ence as  follows: 

"Tests  made  have  demonstrated  conclusively  that  it  is  possible  to  do 
as  good,  or  perhaps  better,  welding  with  alternating  current  as  with  direct 
current.  No  very  decided  difference  has  been  noticed  between  welds 
made  with  alternating  current  and  those  made  with  direct  current,  but 
the  welder  who  did  most  of  the  alternating-current  welding  says  that  in 
his  opinion  the  alternating-current  welds  are  better  than  the  direct- 
current  welds.  This  same  opinion  has  been  expressed  by  the  machinist 
who  made  repairs  on  a  small  tank  welded  with  alternating  current.  He 
said  that  the  weld  metal  was  better,  more  dense,  and  had  fewer  blowholes 
than  a  direct-current  weld." 

But  an  opinion  from  another  authority  of  great  experience  in  arc 
welding  is  as  follows: 

"As  regards  the  strength  of  an  alternating-current  weld  there  is  not 
the  slightest  doubt  that  a  greater  strength  can  be  gotten  on  a  test  piece 
if  that  is  all  the  work  the  man  is  going  to  do  for  some  time.  The  facts, 
however,  are  that  as  the  man's  hand  becomes  fatigued  in  holding  the 
alternating-current  arc,  his  consequent  breaking  of  the  arc  becomes  more 
frequent,  which  means  less  strength  in  the  weld,  because  every  time  the 
arc  is  broken,  a  bad  spot  is  left  in  the  weld." 


12.  Consideration  op  the  Power  Factor  for  Alternating- 
current  Arc  Welding 

A  view  presented  with  considerable  persistency  is  that  the  low  power- 
factor  associated  «with  alternating-current  welding  leads  to  capital  and 
operating  costs  off-setting  any  advantages.  One  anstvrer  made  is  to  the 
effect  that  since  for  ship  welding  on  an  extensive  scale,  motor-generators 
are  required,  this  only  affects  the  generator  and  its  circuit  and  does 
not  affect  conditions  as  regards  the  motor  or  the  circuit  from  which  it  is 
supplied. 

13,  COKSIDERATION    OF    THE  CIRCUMSTANCES  THAT  ALTERNATING-CUR- 
RENT Arc  Welding  is  Essentially  a  Single-phase  Load 

Similar  considerations  are  involved  in  regard  to  the  necessity  of  pro- 
ading  for  the  characteristics  of  a  single-phase  load.  It  is  well  known 
hat  single-phase  motors  and  generators  are  much  heavier,  more  ex- 
^nsive  and  less  efficient  than  polyphase  motors  and  generators.  With 
W  or  40  arc  welding  outfits  distributed  fairly  evenly  on  the  different 
chases  of  a  polyphase  system,  the  load  would  be  sufficiently  balanced  to 
«  satisfactory,  but  this  would  correspond  to  an  unusually  large  welding 
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installation.  In  most  cases  it  will  be  necessary  to  arrange  for  the  welding 
to  constitute  a  single-phase  load  and  to  make  adequate  provision  to 
obtain  satisfactory  service  with  this  condition. 

Regarding  the  possibility  of  improving  the  power  factor,  Mr.  W.  S. 
Moody  makes  the  following  very  suggestive  statement:* 

''Where  a  number  of  arcs  are  to  be  used  within  a  reasonable  distance 
of  each  other,  the  series  system  may  be  used.  In  this  arrangement  the 
secondary  of  an  ordinary  constant-current  transformer  supplies  cuirent 
to  the  primary  of  all  the  welding  transformers  in  series.  The  individual 
transformers  insulate  the  welding  apparatus  from  the  series  circuit  and 
transform  from  the  series  current  to  current  of  proper  value  for  the  arc. 
In  this  case  the  inherent  reactance  of  the  series  transformer  is  low,  but 
other  features  of  the  design  are  the  same  as  those  discussed  above. 
The  power  factor  of  such  a  system  can  be  safely  made  much  higher 
than  where  individual  arcs  are  operated  in  multiples  from  constant  poten- 
tial circuits." 

1 
14.  Spot  Welding  is  a  Single-phase  Load 

Mr.  J.  M.  Weed,  who  has  had  a  great  deal  of  experience  with 
large  spot  welders,  has  kindly  written  the  following  paragraph  on  this 
subject: 

"For  welding  plates  from  ^''  to  ^  in  thickness,  the  single  phase 
currents  required  would  be  from  30,000  to  50,000  amperes  and  the  KVA 
required  at  60  cycles  would  range  between  300  and  900  at  power  factors  of 
from  0.35  to  0.50.     These  low  power  factors,  combined  with  the  fact 
that  this  load  would  be  for  short  periods  at  very  frequent  intervals 
would  make  it  decidely  undesirable  from  the  central  station  standpoint 
The  condition  would  be  much  improved  at  25  cycles,  as  the  same 
machine  would  operate  equally  as  well  at  25  cycles  as  at  60  cycles,  with 
about  half  the  KVA  and  about  double  the  power  factor.    The  intervals 
of   operation  would  however,  be  the  same  as  for  60  cydes.     If,  how- 
ever, a  motor  generator  set,  with  suitable  flywheel  attached,  be  provided 
for  operating  these  machines,  these  disadvantages  are  all  practically 
eliminated,  this  arrangement  being  such  that  the  motor  stores  up  energy 
in  the  flywheel  during  the  interval  of  no  load,  the  flywheel  supplying  a 
large  part  of  the  energy  during  the  period  of  welding.    By  this  means, 
for  instance,  a  single  phase  load  of  900  KVA  at  0.50  power  factor  for  30 
second  periods  and  with  intervals  of  1-J^  minutes  between  x>eriods  would 
be  converted  to  a  practically  continuous  3-phase  load  of  approximately 
200  KVA  at  about  0.85  power  factor.'' 
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15.  Ductility  of  Arc  Welds 

Attention  has  been  pertinaciously  drawn  to  results  of  a  very  few  tests 
which  have  appeared  to  indicate  that  metal-arc  we)ds  are  inherently 
utterly  deficient  in  ductility,  yet  the  Committee  has  had  also  before  it  the 
results  of  many  well-authenticated  tests  of  ductile  metal-arc  welds. 

It  has  been  claimed  that  gas  welds  are  more  ductile.  On  this  matter 
Mr.  R.  K  Wagner  writes: 

"At  several  meetings  of  the  Welding  Committee,  special  stress  has 
been  brought  to  bear  on  the  bending  qualities  of  acetylene  and  gas  welds. 
We  have  done  some  experimenting  with  average  acetylene  and  arc 
welders,  and  our  impression  js,  that  the  acetylene  and  arc  welds  are  in 
the  same  class  with  respect  to  bending.  I  submit  herewith  (See  Fig. 
8)  a  photograph  showing  comparative  bends  in  acetylene  and  arc-welded 
joints,  both  welds  were  taken  from  half-inch  plate  and  both  samples 
were  bent  under  the  same  conditions,  that  is,  the  sharp  edge  of  an 
angle  iron  was  placed  along  the  weld  and  pressure  applied  to  the  angle 
iron  to  make  a  sharp  bend.  These,  I  think  are  average  comparative 
results.  ******  As  far  as  our  experiments  are  concerned,  we  feel, 
as  regards  physical  characteristics,  that  acetylene  and  arc  welds  are  in 
the  same  class." 

16.  Respective  Fields  op  Gas  and  Electric  Arc  Welding 

On  this  subject,  under  date  of  Oct.  22,  1918,  Mr.  R.  P.  Jackson, 
of  the  Westinghouse  Electric  &  Mfg.  Co.,  reports  to  the  Welding  Re- 
search Sub-Committee  as  follows: 

"With  reference  to  the  comparative  uses  or  fields  of  gas  and  electric- 
arc  welding  which  came  up  at  the  last  meeting,  it  was  thought  it  might 
be  well  for  some  of  us  to  express  our  opinions  on  the  matter  based  on 
our  experience  with  both  kinds  of  welding.  In  general,  we  have  found  gas 
welding  to  be  more  satisfactory  for  thin  material,  say  ^  inch  and  under, 
and  for  general  repair  work,  particularly  where  various  kinds  of  steel 
and  cast  iron  are  involved.  For  example,  if  repairs  have  to  be  made  on 
broken  machinery,  lugs  rebuilt,  pieces  attached  to  high-carbon  steel 
and  work  of  this  character,  then  the  gas-welding  methods  are  superior 
and  the  extra  cost  not  ordinarily  prohibitive.  When  it  comes,  however,  to 
depositing  a  large  amount  of  metal  and  welding  up  structural  steel  or 
plates  of  }^  inch  thickness  and  upward,  the  results  obtained  by  the 
ordinary  direct-current  arc  with  the  metal  electrode  are  at  least  equal 
to  the  gas  welding  work  and  certainly  cleaner.  In  general,  too,  the  finish 
of  gas  welding  is  more  regular  and  better  looking  and  where  that  is  a 
consideration  it  may  give  a  preference  to  gas.  In  fact,  in  the  Westing- 
house  factory  at  East  Pittsburgh,  there  has  been  considerably  more  gas 
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work  done  thsn  electric,  but  the  electric  arc  welding  is  on  the  incresie, 
not  so  much  in  displacing  gas  as  in  displacing  riveting." 

A  view  taken  from  a  gas  welding  publication  is  as  follows: 
"  The  arc  process  is  chiefly  used  for  filling  up  blow  holes  in  large  steel 
or  iron  castings  and  building  }tp  worn  surfaces  which  have  not  to  be 
machined.  With  this  process  the  results  obtained  are  somewhat  un- 
certain, and  it  is  generally  conceded,  apart  from  the  vital  question  of 
cost,  that  fusion  produced  by  the  burning  of  gases  is  to  be  preferred  to  the 
electric  process.  Welds  made  by  the  electric  process  are  Bometimes 
rough,  hard  brittle  and  unworkable— in  most  cases  this  is  highly  objec- 
tionable, but  not  always  so.  W  ith  any  fusion  method  of  welding,  anneal- 
ing of  the  metal  adjacent  to  the  weld  is  desirable.     It  is  uupossible  to 


do  this  annealing  with  an  electric  welder,  but  with  gas  welding  the  blow- 
pipe flame  can  be  used  for  heating  up  the  metal  surrounding  the  welded 
part,  and  also  for  heating  metal  away  from  the  weld,  so  as  to  counteract 
any  strains  that  may  be  set  up  in  the  piece  as  the  weld  cools  off.  There 
are  certain  classes  of  work  for  which  electric  welding  is  the  most  suitable 
system,  and,  on  the  other  hand,  there  are  many  classes  of  work  where  it 
would  be  most  impractical,  and  which  can  be  done  satisfactorily  only 
with  gas  welding.  For  general  workshop  use,  a  gas  welding  outfit  is 
far  better,  not  only  because  of  its  greater  economy  in  instEtllation  and 
operation,  but  also  because  of  its  wider  range  of  usefulness." 

In  the  absence  of  any  experience  to  the  contrary  this  latter  view 
appears  fairly  plausible,  and  it  is  natural  that  it  should  have  rec^ved 
wide  acceptance.  But  an  enormous  volume  of  experience  in  arc  welding 
has  gradually  accumulated  and  it  controverts  the  correctness  of  the  view. 
Unfortunately  the  experimental  data  available  on  the  subject  of 
GAS  WELDING  is  surprisingly  meagre.  The  Welding  Research  Sub- 
Committee  has  concluded  that  there  is  practically  no  test  data  from 
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which  it  can  draw  any  safe  generalizations  as  to  the  mechanical  char- 
acteristics of  g(i8  welds,  and  that  it  will  be  necessary  to  embark  upon  its 
own  investigations  to  obtain  suitable  data. 

Gas  Welding  was  an  established  art  before  there  was  any  large  amount 
of  electric  welding.  This  was  still  the  state  of  affairs  in  England  until 
shortly  b^ore  the  Author  was  there  in  the  Autunin  of  1917.  But  the 
War  conditions  had  occasioned  in  England  such  a  shortage  of  supphes  of 
oxygen  and  carbide  that  the  Government,  as  a  War  measure,  practically 
forced  the  wide  substitution  of  arc  welding  for  gas  welding.  The  British 
Government,  in  entering  upon  this  policy,  had  relatively  little  concern 
as  to  the  comparative  merits  of  the  two  methods  except  in  so  far  as  that 
any  merit  or  advantages  found  to  be  associated  with  arc  welding  would 
naturally  assist  in  bringing  about  its  use  in  place  of  gas  welding. 

It  was,  however,  with  considerable  surprise  that  it  was  ascertained  that 
the  true  economic  field  for  arc  welding  as  compared  with  gas  welding  was 
a  very  wide  one,  and  that,  simply  due  to  inertia  and.  tradition,  engineers 
had  been  continuing  in  the  contrary  belief.  Major  James  Caldwell,  of 
the  Admiralty  Controller's  Department,  had  wide  responsibilities  in  this 
task  of  substituting  arc  welding  as  rapidly  and  generaUy  as  possible. 
Major  Caldwell  provided  the  Author  with  the  results  of  his  investigations 
into  the  relative  costs  of  gas  and  electric  arc  welding.  These  results, 
which  correspond  to  conditions  in  December,  1917,  are  set  forth  in  the 
following  Table  2. 

From  Table  2  it  is  seen  that  electric-arc  welding  was  found  to  be  a 
faster  process  for  all  thicknesses  of  steel.  The  British  Admiralty  results 
furthermore  indicate  the  economic  field  for  the  two  methods.  The 
verdict  from  the  data  in  the  Table  is  in  favour  of  gas  welding  for  thin 
plates  and  of  electric-arc  welding  for  thick  plates.  But  the  comparison 
is  based  on  the  very  high  cost  of  electrodes  set  forth  below: 


Standard  Wire  Gauge 


Cost  in  Cents  per 
Foot 


Ft.  per  Pound  of 
Contained  Iron  Wire 


Coat  in  Cents  per 
Pound 


Number  8 3.6  \  15  i  64 

Number  10 2.6  '23  60 


Number  12. 


2.4  ,  35 


84 


By  substituting  a  typical  American  price  for  labour  and  substituting 
the  cost  of  bare  electrodes,  Buch  as  are  used  with  entire  success  in  America, 
in  place  of  the  cost  of  flux-covered  electrodes  of  the  expensive  type 
employed  in  arriving  at  the  results  set  forth  in  the  Table,  the  revised 
results  show  a  lower  cost  for  arc  welding  than  for  gas  welding  for  all 
thicknesses  above  yie  ^^^b-  "^^^  question  of  the  quality  of  the  weld  is 
another  matter,  but  judging  from  the  general  reputation  of  the  work  of 
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all  sorts  done  by  gas  welding  and  by  electric-arc  welding,  they  are  both 
thoroughly  reliable.  No  more  exact  comparison  can  be  made  till  we  have 
carried  through  to  completion,  really  elaborate  tests  of  gas  welds  in  order 
to  permit  of  making  a  sound  comparison  with  the  large  amount  of  research 
data  already  obtained  with  electric«-arc  welds. 

In  response  to  a  request  for  his  opinion  as  to  the  respective  fields  for 
gas  and  electric  §rc  welding,  Mr.  R.  E.  Wagner,  of  the  Pittsfield  Works 
of  the  General  Electric  Co.,  writes  as  follows:  *'The  present  well-tried 
field  for  electric-arc  welding  is  confined  entirely  to  welding  plates  and 
forms,  and  a  great  deal  of  work  has  been  done  on  plates  varying  in  thick- 
ness from  J^fe  in.  to  %  in.  Up  to  H  in.  plates,  the  cost  of  gas  and 
electric  welding  is  about  the  same.  Beyond  this,  the  cost  is  in  favor  of 
the  electric  process.  No  difficulty  is  experienced  in  machining  electric 
welds  made  with  the  metallic  electrode.  While  it  is  recognized  that  the 
electric-welded-in  material  will  not  stand  bending  equal  to  that  of  the 
plate  in  which  it  is  deposited,  it  is  on  the  average  equal  to  gas-deposited 
material  in  this  respect." 

17.  Relativb  Dtjctility  of  Akc  Welds  Made  Respectively  With 

Babe  and  Covebed  Electrodes 

By  some  authorities,  ductility  is  believed  to  be  most  readily  obtained 
by  employing  flux-covered  electrodes.  On  the  other  hand,  the  Committee 
has  knowledge  of  several  kinds  of  bare  electrodes  of  various  compositions 
which,  in  competent  hands,  make  reasonably  ductile  welds. 

18.  Speed  of  Arc  Welding 

All  sorts  of  values  are  given  for  the  speed,  in  feet  per  hour,  with  which 
various  types  of  joints  can  be  welded.  Operators  making  equally  good 
welds  have  widely  varying  degrees  of  proficiency  as  regards  speed.  Any 
quantitative  statement  must  consequently  be  of  so  guarded  a  character 
as  to  be  of  relatively  small  use.  In  general,  and  within  reasonable  limits 
the  speed  of  welding  will  increase  considerably  when  larger  currents  are 
employed.  It  appears  reasonable  to  estimate  that  this  increase  in  speed 
will  probably  be  about  25  to  35  per  cent,  for  high  values  of  current.  This 
increase  is  not  directly  proportional  to  the  current  employed  because  a 
greater  proportion  of  time  is  taken  to  insert  new  electrodes  and  the  opera- 
tor is  working  under  more  strenuous  conditions.  Incidentally,  the  opera- 
tor who  employs  the  larger  current  will  not  only  weld  quicker  but  the  weld 
will  have  also  better  strength  and  ductility. 

On  this  point  Mr.  Wagner  writes  as  follows:  "I  would  not  say  that 
ipeed  in  arc  welding  was  proportional  to  the  current  used.  Up  to  a 
certain  point  ductility  and  strength  improve  with  increased  current,  but 
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when  these  conditions  are  met,  we^do  not  obtain  the  best  speed  due  to 
increased  heating  zone  and  size  of  weld  puddle.  Speed  may  fall  oS 
when  current  is  carried  beyond  certain  points." 

In  a  research  made  by  Mr.  William  Spraragen  for  the  Welding  Re- 
search Sub-Committee  On  several  tons  of  half -inch-thick  (12.7  mm.)  ship 
plate,  the  average  rate  of  welding  was  only  two  feet  (0.6  m.)  per  hour. 
Highly  skilled  welders  were  employed  but  they  were  reguired  to  do  the 
best  possible  work,  and  the  kinds  of  joints  and  the  particular  matters 
under  comparison  were  rery  varied  and  often  novel. 

However,  in  the  researches  carried  on  by  Mr.  Spraragen  it  was  fouod 
that  about  1.9  pounds  (0.8  kg.)  of  metal  were  deposited  per  hour  when 
using  a  ^2"  (3-9  mm.)  bare  electrode  and  with  the  plates  in  a  flat 
position.  The  amount  of  electrodes  used  up  was  about  2.7  pounds  per 
hour,  of  which  approximately  16.5  p)er  cent,  was  wasted  as  short  ends 
and  13  per  cent,  burnt  or  vaporized,  the  remainder  being  deposited  at 
the  speed  of  1.9  pounds  per  hour  mentioned  above. 

For  a  12-foot-cube  tank  of  half-inch-thick  steel  welded  at  Pittsfield, 
the  speed  of  welding  was  3-feet  per  hour.  The  weight  of  the  steel  in  this 
tank  was  16,000  lb.  and  the  weight  of  electrode  used  up  was  334  lbs.  of 
which  299  lbs.  was  deposited  in  the  welds.  The  total  welding  time  was 
165  hours  corresponding  to  using  up  electrodes  at  the  rate  of  just  2  lbs. 
per  hour.  The  total  length  of  weld  was  501  feet,  the  weight  of  elec- 
trode used  up  per  foot  of  weld  thus  being  0.60  lb.  The  design  of  this 
tank  comprised  eighteen  different  types  of  welded  joint.  Several  differ- 
ent operators  worked  on  this  job  and  the  average  current  per  operator 
was  150  amperes. 

For  the  British  125-foot-long  Cross-Channel  Barge  for  which  the  shell 
plating  was  composed  of  quarter-inch  and  ^5"  thick  plates,  in  Mr.  H. 
Jasper  Cox's  paper  read  before  the  Society  of  Naval  Architects  on  Nov. 
15,  1918,  and  entitled  "The  Application  of  Electric  Welding  to  Ship 
Construction"  it  is  stated  that:  "After  a  few  initial  difficulties  had 
been  overcome,  an  average  speed  of  welding  of  7  feet  per  hour  was 
maintained,  including  overhead  work  which  averaged  from  3  to  6  feet 
per  hour. " 

In  a  report  appearing  on  page  67  of  the  Minutes  and  Records  of  the 
Welding  Research  Sub-Committee  for  June  28,  1918,  Mr.  O.  A.  Payne 
of  the  British  Admiralty  states:  "A  good  welder  could  weld  on  about 
one  pound  of  metal  in  one  hour  with  the  No.  10  Quasi-Arc  dec- 
trode,  using  direct  current  at  100  volts.  An  electrode  containing  about 
l}r^  ounces  of  metal  is  used  up  in  about  three  minutes,  but  this  rate  can- 
not be  kept  up  continuously.'' 

The  Quasi- Arc  Co.  publishes  the  following  data  for  the  speed  of 
arc  welding  in  flat  position  with  butt  joints,  a  60  degree  angle  and  a 
free  distance  of  3-^  inch. 
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I  cannot,  however,  reconcile  the  high  speed  of  welding  J'^-inch  plate 
published  by  the  Quasi-Arc  Co.  as  6  ft.  per  hour,  with  the  report 
given  above  by  the  British  Admiralty  that  a  good  welder  deposits  one 
pound  of  metal  per  hour  with  the  Quasi-Arc  electrode.  If  the  rate  given 
by  the  Quasi-Arc  Co.  is  correct,  it  would  mean  that  about  four  pounds  of 
metal  were  deposited  per  hour.  On  this  basis  the  rate  must  have  been 
computed  on  the  time  taken  to  melt  a  single  electrode  and  not  the 
rate  at  which  a  welder  could  operate  continuously,  allowing  for  his 
endurance  and  for  the  time  taken  to  insert  fresh  electrodes  in  the  elec- 
trode holder  and  the  time  taken  for  cleaning  the  surface  of  each  layer 
before  commencing  the  next  layer. 

From  his  observations  the  Author  is  of  the  opinion  that  a  representa- 
tive rate  for  a  good  welder  lies  about  midway  between  these  values  given 
respectively  by  Mr.  Payne  and  by  the  Quasi-Arc  Co.,  say  for  half-inch 
plates  some  two  poimds  per  hour.  This,  it  will  be  observed,  agrees 
with  Mr.  Spraragen's  experience  in  welding  up  some  six  tons  of  half- 
inch  ship  plate  with  a  dozen  or  more  varieties  of  butt  joint  and  Mr. 
Wagner's  results  with  the  eight-ton  tank.  Even  this  rate  of  two  pounds 
per  hour  is  only  actual  time  of  welding  operator  after  his  plates  are 
clamped  in  position.  This  preliminary  work  and  the  preparation  of  the 
edges  which  is  quite  an  undertaking,  and  requires  other  kinds  of 
artisans,  accounts  for  a  large  amount  of  time  and  should  not  be 
underestimated. 

The  practice  heretofore  customary  of  stating  the  speed  of  welding 
in  feet  per  hour  has  led  to  endless  confusion  as  it  depends  on  type  of  joint, 
height  of  welt  and  various  details.  A  much  better  basis  is  to  express  the 
speed  of  welding  in  pounds  of  metal  deposited  per  hour.  Data  for  the 
pounds  of  metal  deposited  per  hour  is  gradually  becoming  quite  definite. 
The  pounds  per  foot  of  weld  of  metal  required  to  be  deposited  can  be 
readily  calculated  from  the  drawings  or  specifications.  With  the  further 
available  knowledge  of  the  average  waste  in  electrode  ends  and  from 
other  causes,  the  required  amount  of  electrode  material  for  a  given  job 
can  be  estimated. 

19.  Suitable  Current  For  Given  Cases 

For  a  given  type  of  weld,  for  example,  a  double  Vee  weld  in  a  one- 
half-inch-thick  ship  plate,  it  was  found  that  while  some  operators  employ 
as  low  as  100  amperes,  others  work  with  over  150  amperes.    Some,  in 
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making  such  a  weld,  employ  electrodes  of  only  j^  in.  diameter  and 
others  prefer  electrodes  of  twice  as  great  cross-section.  For  the  par- 
ticular size  and  design  of  weld  above  mentioned,  the  Welding  Research 
Sub-Committee  has  had  welds  made  with  from  200  to  300  amperes. 
The  conclusion  appears  justified  that  the  preferable  current  for  such  a 
weld  is  at  least  200  amperes.  If  the  weld  of  the  half -inch-thick  plate  is 
of  the  double-bevel  type,  some  50  amperes  less  current  should  be  used 
for  the  bottom  layer  than  is  used  for  the  second  layer,  if  two  layers  are 
used.  For  three-quarter-inch-thick  plates,  the  most  suitable  welding 
current  is  some  300  amperes.  This  is  of  the  order  of  twice  the  current 
heretofore  most  usually  employed  for  such  a  weld. 

Mr.  Wagner  writes:  "We  have  made  a  number  of  tests  to  determine 
the  effect  of  varying  current  on  the  strength  of  the  weld.  Tests  were 
made  on  a  3^  in.  plate  with  current  values  as  follows:  80,  125,  150, 
180,  220,  275,  and  300  amperes.  These  tests  show  improvement  in  the 
tensile  strength  and  bending  qualities  of  welds  as  the  current  increases. 
The  speed  of  welding  increases  up  to  a  certain  point  and  then 
decreases.'' 

20.  EFFECT  ON  Arc  Welding  of  Voltage  E»«»loyed 

Mr.  Wagner  reports  as  follows:  "We  have  made  a  number  of  tests 
to  determine  the  influence  of  variable  voltages  on  the  strength  and  char- 
acter of  electric  welds.  The  experiments  were  made  welding  ^^  in.  plate 
with  150  amperes  held  constant  and  voltage  varying  as  follows:  40, 
75,  100,  125,  150,  200  and  225  volts. 

"This  test  demonstrates  that  there  is  no  material  difference  in  the 
tensile  strength,  bending  qualities  or  the  appearance  of  the  welded-in 
material.  There  is  this  advantage,  however,  in  the  higher  voltage, 
that  variations  in  the  strength  of  the  arc  do  not  materially  affect  the 
value  of  the  current. 

"  A  curve-drawing  ammeter  was  installed  on  the  welding  circuit  which 
showed  variations  in  current  at  75  volts  but  at  150  volts  the  current 
curve  was  practically  a  straight  line." 

21.  Preferable  Size  of  Electrode 

On  certain  railways,  a  single  diameter  of  electrode  is  employed  inde- 
pendently of  the  size  or  shape  of  the  plates  or  parts  being  welded.  The 
experience  of  other  people  leads  them  to  make  use  of  several  different 
sizes  of  electrodes  according  to  the  size  of  the  job  and  the  type  of  joint. 
Present  British  practice  appears  to  be  to  use  such  a  size  of  electrode  as 
to  have  a  current  density  of  some  4000  to  6000  amperes  per  square  inch. 
The  investigations  of  the  Welding  Research  Sub-Committee  are  indicat- 
ing that  at  least  10,000  to  12,000  amperes  per  square  inch  is  suitable 
for  electrodes  of  ^  in.  and  %2  ^^'  diameter  and  well  up  toward  10,000 
amperes  per  square  inch  for  electrodes  of  %6  ii^-  ^^^  K  ^^'  diameter. 
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22.  Automatic  Machinery  for  Arc  Welding 

Several  firms  are  developing  machinery  for  feeding  the  electrode  auto- 
maticaUy.  Such  machinery  appears  to  be  capable  of  making  excellent 
welds  at  higher  speeds  than  are  attainable  by  hand  feeding. 

23.  Carbon-arc  Welding 

With  the  advent  of  metal-arc  welding  there  has  been  a  tendency  to 
neglect  the  carbon-arc  method.  It  is  quite  possible  that  this  attitude 
is  not  justified  for  not  only  is  there  now  a  definite  field  where  the  carbon- 
arc  method  is  advantageous  but  developments  in  the  art  may  greatly 
extend  its  application. 

It  is  generally  agreed  that  the  carbon-arc  method  is  not  applicable  to 
vertical  and  overhead  welding,  which  is,  of  course,  a  serious  handicap  in 
ship-hull  work.  The  majority  opinion  of  competent  observers  (with, 
however,  some  emphatic  dissenting  views)  appears  to  indicate  that 
carbon-arc  welding  is  not  as  reliable  as  metal-arc  welding  in  ordinary 
welding,  because: 

(a)  Carbon  is  carried  into  the  deposited 
material  thus  reducing  its  ductility. 

(b)  It  is  more  difficult  to  obtain  good 
fusion  on  account  of  overlapping  of 
deposited  metal  on  the  original  metal. 

(c)  It  is  more  difficult  to  manipulate  and 
thus  requires  greater  skill. 

(d)  It  is  a  much  hotter  arc  which  means 
greater  discomfort  to  the  operator  and 
therefore  lower  efficiency. 

(e)  Greater  cooling  stresses  are  developed 
because  larger  areas  of  adjacent 
metal  are  heated. 

On  the  other  hand,  it  is  contended  by  some  that  carbon-arc  welding 
can  be  developed  to  the  point  where  these  objections  will  no  longer  exist 
and  thus  gain  the  advantages  of  this  method,  the  principles  of  which  are: 

« 

(a)  No  preparation  of  the  abutting  edges 
is  necessary. 

(b)  Greater  rate  of  deposition  of  metal 
and  therefore  greater  speed  of  weld- 
ing, particularly  in  hea\^  work. 

(c)  Probable  greater  adaptability  to  auto- 
matic welding. 
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It  should  be  stated  that  there  is  very  general  agreement  as  to  the 
superiority  of  the  carbon  arc  over  the  metal  arc  for  heavy  wprk  where 
strength  is  not  so  important,  especially  cast-iron  welding  and  the  filling 
of  holes  in  iron  and  steel  castings. 


24.  Preparation  op  Welding  Edges 

British  practice  permits  the  use  of  smaller  angles  when  the  edges  of 
the  plates  are  Veed,  than  accords  with  American  traditions.  If  the 
smaller  angles  give  welds  which  are  equally  satisfactory  in  all  respects, 
the  decreased  amount  of  electrode  material  required,  the  decreased  con- 
sumption of  electricity,  and  the  increased  speed  are  ^vantages  not  to  be 
overlooked;  but  obviously  the  matter  requires  careful  investigation. 
American  practice  which,  up  to  recently,  has  been  with  a  very  wide 
angle,  appears  to  have  required  the  consumption  of  about  twice  as  great  a 
weight  of  electrode  as  British  practice  with  the  smaller  angle.  The  ui^gent 
importance  of  determining  whether  the  use  of  the  smaller  angle  involves 
any  sacrifice  in  quality  is  evident.  There  is  already  considerable  basis 
for  the  belief  that  actually  better  results  attend  the  employment  of  a 
smaller  angle  of  bevel  when  a  suitably  large  current  is  used.  A  shoulder 
in  place  of  the  heretofore  commonly  used  sharp  bottom  edge  of  the  bevel, 
also  constitutes  a  material  gain  not  only  in  the  saving  in  welding  material, 
but  also  in  the  quality  of  the  weld. 

Mr.  Wagner  states  that  at  the  Pittsfield  Works  of  the  General  Elec- 
tric Co.  they  have  long  adopted  the  practice  of  using  a  30-degree  bevel 
for  plate  edgings  and  that  they  find  it  satisfactory  for  all  thicknesses 
up  to  ^  in.  He  states  that  this  angle  gives  suflicient  room  for  deposit- 
ing the  metal,  reduces  the  time  to  weld  and  the  amount  of  metal  deposited. 

In  one  of  Mr.  Spraragen's  researches,  various  angles  of  bevel  were 
used.  Although  the  physical  tests  have  not  yet  been  made  we  can  gain 
from  the  following  Table  3  valuable  lessons  on  the  time,  amount  d 
metal,  and  electricity  consumed  for  these  different  angles  of  bevel.  The 
"free  distance"  in  each  case  was  J^"  and  the  welding  was  done  in  a 
flat  position  with  ^^2"  bare  electrodes.  In  each  case  the  weld  had  a 
length  of  three  feet. 

25.  Quality  of  Overhead  Arc  Welding 

The  British  Admiralty  regards  overhead  welding  as  too  inferior  and ' 
too  expensive  to  be  employed  when  it  can  possibly  be  avoided.    In 
America  a  large  amount  of  overhead  welding  is  done  in  railway  shops 
and  it  is  claimed  that  it  is  simply  a  matter  of  training  operators  to  the 
required  degree  of  proficiency. 
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26.  Number  of  Layers  to  be  Employed 

Good  progress  is  being  made  in  obtaining  knowledge  of  the  relative 
characteristics  of  welds  made  with  different  number  of  layers  and  of  the 
most  suitable  current  and  the  most  suitable  size  and  type  of  electrodes 
to  employ  for  each  layer.  The  tendency  is  toward  the  use  of  at  least 
two  layers  for  half-inch-thick  plates,  and  three  layers  for  three-quarter- 
inch-thick  plate. 

Table  3. — Time,  Metal,  and  Current  used  with  Welds  of  Different  Bevels 

Angle  of  Bevel  Used,  in  Degrees 


15 


30 


Amperes 1  160.00 


Weight  of  electrode  used  up  Obs.) 
Weight  of  metal  deposited  (lbs.)-  • 

Weight  of  metal  wasted  (lbs.) 

Pounds  deposited  per  hour 

Feet  welded  per  hour 

Circuit  kilowatts 

Kilowatt-hours  per  foot  of  weld . . . 


2.56 
1.70 
0.86 
1.82 
3.22 
9.91 
3.10 


145.00 

1 
118.00 

3.83 

4.63 

2.66 

3.65 

1.28 

0.98 

1.61 

1.82 

1.90 

1.50 

9.00 

7.68 

4.70 

5.10 

60 

168.00 
6.63 
5.08 
1.55 
1.81 
1.07 
8.25 
7.70 


27.  Rigid  vs.  Non-rigid  Methods  of  Welding 

On  this  question  it  is  more  a  matter  of  det^mining  the  conditions 
essential  to  obtaining  good  results  with  whichever  of  the  two  methods  is 
most  appropriate  for  each  particular  purpose. 

The  term  RIGID  is  applied  to  the  process  of  arc  welding,  in  which 
the  two  parts  to  be  joined  by  welding  are,  prior  to  welding,  held  rigidly 
by  bolting  or  clamping  or  by  a  series  of  preliminary  tack-welds  dis- 
tributed at  various  points.  The  Rigid  plan  is  the  most  obvious  for 
welding  the  hull  plates  of  ships  but  its  critics  claim  that  the  resultant 
joints  are  deficient  in  ductility  due  to  the  presence  of  internal  stresses. 
It  is  considered  that  by  suitably  arranging  the  order  of  welding  it  is 
practicable  to  so  distribute  the  heat  as  to  avoid  these  stresses.  At  any 
rate  there  are  many  alternative  orders  of  procedure  in  making  welds 
by  the  Rigid  method  and  elaborate  researches  should  be  made  to 
ascertain  the  procedure  which  will  yield  the  best  result. 

The  Non-rigid  Method  consists  in  placing  at  a  slight  angle  to  each 
other  the  two  plates  to  be  welded.  As  the  welding  operation  progresses 
along  the  seam  the  angle  gradually  closes  and  when  the  weld  is  completed 
the  width  of  the  welded  seam  is  equal  throughout  its  extent.  Such  welds^ 
are  generally  considered  to  be  very  free  from  internal  stresses,  and  hence 
more  ductile. 
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28.  Consequences  of  Different  Lengths  of  Abc 

The  metal  arc  is  much  shorter  than  the  carbon  arc.  As  a  result  the 
metal  arc  weld  has  the  advantage  that  there  is  less  opportunity  for  oxygen 
and  nitrogen  to  gain  access  to  the  weld  and  so  far  as  relates  to  this  feature 
the  metal  arc  weld  should  be  better.  But  with  the  carbon  arc  the  added 
metal  does  not  traverse  the  arc,  the  tip  of  the  welding  rod  being  held 
down  close  to  the  surface  on  which  it  is  to  be  deposited.     This  may  ren- 
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Fig.  9. — Fillet  and  spot  welded. 
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Fig.  11. — Riveted  and  fillet  welded. 
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Fig.  12. — Spot  welded. 
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Fig.  13. — Riveted  joint. 

der  the  deposited  material  less  subject  to  contamination  in  carbon  arc 
welding  than  in  metal  arc  welding  since  it  has  not  traversed  the  arc. 

Coming  to  the  exclusive  consideration  of  metal-arc  welding,  the 
greater  the  welding  current  the  less  is  the  area  represented  by  the  cyliD* 
drical  surface  of  the  arc  per  pound  of  metal  traversing  the  arc,  and  con 
sequently  the  less  should  be  the  contamination  by  oxygen  and  nitrogen 
from  the  surrounding  air.  So  far  as  this  circumstance  is  concerned,  the 
greater  the  welding  current,  for  a  given  case,  the  greater  should  be  the 
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ductility  of  the  joint.  On  the  other  hand,  it  seems  probable  that  even 
the  most  skilful  operators  will  be  unable  to  hold  quite  so  short  an  arc 
with  the  larger  current. 

29.  Spot  and  Arc  Welding 

A  good  deal  of  progress  is  being  made  in  America  in  the  use  of  Spot 
Welding  for  the  joining  of  thick  plates.  It  is  believed  that  Spot  Welding 
has  a  great  future  as  applied  to  shipbuUding  and  several  large  spot 
welders  have  been  built  for  shipyards.  In  some  of  its  applications,  Spot 
Welding  affords  a  method  of  preliminarily  joining  the  hull  plates,  after 
which  the  required  additional  strength  is  provided  by  arc  welding.  The 
Welding  Research  Sub-Committee  has  already  made  some  progress  in 
comparing  combined  spbt  and  arc  welds  and  combined  rivet  and  arc 
welds  with  riveted,  spot-welded,  and  arc-welded  joints.  It  is  not  a 
question  in  such  an  investigation  of  Spot  versus  Arc  Welding,  but  of  Spot 
and  Arc  Welding. 

In  the  tests  mentioned,  the  specimens  were  made  up  of  the  following 
combinations: 

1.  Spot  and  fillet  welded  (Fig.  9)  (2  samples  made). 

2.  Fillet  Welded — ^made  by  welding  fillets  about  2  inches  in  length 
at  the  ends  of  the  plates  (Fig.  10)  (2  samples  made). 

3.  Riveted  and  filled  welded  (Fig.  11)  (1  sample  made). 

4.  Spot  Welded — ^made  by  welding  two  spots  approximately  one  inch 
in  diameter,  on  the  plates  (Fig.  12)  (2  samples  made). 

5.  Riveted  Joint,  made  by  riveting  a  }i  inch  X  4  inch  X  12-inch 
plate  with  two  plates  J^^  inch  X  4  inch  X  16  inch,  using  two  %-inch 
rivets  and  a  4-inch  lap.    (One  sample  made.) 

The  results  of  the  test  show  the  comparative  strength  of  the  joints  as 
follows: 

Spot  and  RUet  Welded— Ultimate  Load ♦50,350  lb. 

Fillet  Welded—  *'  "    ♦37,000    " 

Riveted  and  Filet  Welded—      "  "    t36,000    " 

Spot  Welded—  "  "    ♦28,000    " 

Riveted  Joint-  "  "    tl3,000    " 

Spot  welds,  as  compared  with  arc-welded  butt  joints,  have  the  dis- 
advantage of  the  increased  weight  corresponding  to  the  overlap. 

30.  Condition  of  Surfaces  to  be  Welded 

While  for  Spot  Welding  the  surfaces  may  sometimes  be  TOO  clean  to 
obtain  the  best  weld,  this  cannot  be  the  case  with  Fusion  Welding.     The 

♦  Average  of  tests  on  two  samples, 
t  Only  one  sample  made. 
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question  of  the  extent  to  which  it  is  practicable  to  go  in  freeing  the 
surfaces  from  impurities  prior  to  making  the  Fusion  Weld  is  entirely  a 
commercial  one.  The  cleaner  the  surface,  the  better  the  weld.  In  spot 
welding  it  is  desirable  to  have  clean  surfaces  under  the  electrodes,  but 
scale  between  the  two  plates  is  a  positive  advantage. 

31.  Pre-heating  and  Heat  Treatment  and 
Hammering  While  Cooling 

Pre-Heating,  Heat  Treatment  and  Hammering,  as  applied  to  Fusion 
Welding  (both  Gas  and  Electric)  have  been  the  subjects  of  research,  but 
as  yet  nothing  adequately  comprehensive  has  been  planned.  It  is  very 
important  that  these  deficiencies  should  be  recognized  and  remedied. 

32.  Time  Required  to  Train  Welders 

As  to  the  training  of  welders,  there  are  on  the  one  hand  those  who  are 
so  ill-informed  as  to  assert  that  good  welding  can  be  done  after  a  very 
few  weeks  of  training,  while  on  the  other  hand,  others  assert  that  an 
operator  can  hardly  acquire  any  considerable  degree  of  sldll  in  much  less 
than  a  year.  Still  others  advocate  the  substitution  of  automatic  feeds 
and  the  complete  elimination  of  dependence  upon  manual  dexterity.  For 
arc  welding  work  requiring  more  than  100  amperes  this  is,  in  the  Author's 
opinion,  not  a  trade  for  women  when  the  arc  is  manipulated  by  hand  as 
distinguished  from  the  use  of  automatic  or  semi-automatic  machinery. 

33.  Question  of  Need  for  Special  Machines  for  Welding 

A  great  variety  of  machinery  for  supplying  and  controlling  the  current 
for  welding  is  on  the  market.  Some  of  this  machinery  comprises  elabo- 
rate mechanisms  in  virtue  of  which  it  is  claimed  that  it  would  be  very 
diflScult  for  even  a  novice  to  make  a  bad  weld.  Some  advocate  the 
use  of  simple  resistance  to  be  inserted  in  series  with  the  arc  on  any 
available  circuit,  and  claim  that  any  additional  machinery  is  superfluous. 
The  capital  outlay  for  the  equipment  of  a  welder  (at  the  point  of  con- 
sumption) when  the  first  kind  of  equipment  is  used,  may  be  a  matter  of 
over  $1000.00,  while  in  the  second  case,  well  below  half  of  the  sum  is 
suflicient. 

34.  Technique  op  Testing  Welds 

The  ideal  weld  should  presumably  be  at  least  as  strong  and  as  durable 
as  the  metal  of  the  members  joined  together.  In  other  words,  the  section 
containing  the  weld  should  have  the  same  chemical  and  physical  charae- 
teristics  as  adjacent  sections  in  the  original  metal.     A  weld  is  therefore 
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measured  by  the  degree  of  approximation  to  this  condition  as  determined 
by  mechanical,  chemical  and  metallurgical  tests  of: 

(a)  The  parent  metal 

(b)  The  welded  joint 

(c)  The  deposited  material  in  the  weld. 

While  during  the  last  year  the  Welding  Research  Sub-Committee 
has  made  a  great  deal  of  progress  in  establishing  standard  procedures  for 
the  mechanical  testing  of  welds,  much  still  remains  to  be  done. 
Obviously,  the  procedure  for  testing  the  original  metal  should  follow 
standard  practice  as  recommended  by  the  American  Society  for  Testing 
Materials,  but  there  is  considerable  difference  of  opinion  and  uncertainty 
as  just  how  and  what  mechanical  tests  should  be  made  of  the  welded 
joint  and  of  the  deposited  metal.    For  instance 

(a)  Should  all  the  usual  observations  be  taken  when  making  a  tensile 
test  of  a  welded  joint?  Obviously  the  strength  of  the  union  between  the 
two  pieces  of  metal  should  be  determined  but  in  view  of  the  non-homo- 
geneity of  the  specimen,  does  not  a  very  different  significance  attach  to 
yield  point,  elongation  and  reduction  of  area?  Where  a  series  of  welds 
having  the  same  ratio  of  deposited  material  to  original  metal  is  concerned, 
such  data  are  undoubtedly  important  for  comparison  purposes  but  for 
evaluating  a  weld  in  terms  of  the  original  metal,  questions  are  repeatedly 
being  raised  as  to  just  what  extent  these  data  have  value. 

(b)  Would  not  more  reliable  information  as  to  the  ductility  of  the  weld 
be  obtained  if  elongation  and  reduction  of  area  measurements  were  made 
on  specimens  prepared  from  the  deposited  metal  or  from  specimens  cut 
lengthwise  of  the  weld  instead  of  crosswise? 

(c)  Similarly  with  the  bending  test,  which  is  a  test  for  ductility. 
There  are  some  (including  the  author)  who  would  make  the  bend  with 
the  axis  of  the  mandrel  normal  to  the  weld  instead  of  parallel  thereto, 
which  latter  position  is  the  one  usually  employed.  It  may  be  that  both 
tests  should  be  made;  the  normal  position  as  test  of  the  ductility  of  the 
deposited  material  and  the  parallel  position  as  an  additional  test  of 
the  union  between  the  deposited  material  and  the  original  metal. 

(d)  How  important  are  torsion  tests  and  impact  or  shock  tests  in 
measuring  welded  joints? 

(e)  Fatigue  tests  of  welded  joints  are  generally  conceded  to  be  vital 
and  the  importance  of  obtaining  reliable  information  as  to  how  this 
test  should  be  made  probably  transcends  (at  present  at  least)  that 
attached  to  any  other  research  in  the  field  of  Fusion  Welding.  The  re- 
searches should  be  made: 

(1)  With  the  Moore  Bending  Fatigue  Machine 

(2)  With  rod  samples  rotated  at  high  speed  as  employed  by  Lloyd's 
Register  in  England 
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(3)  With  the  Strohmenger  Torsion-Fatigue  Machine 

(4)  With  the  Cammell-Laird  Bending  Fatigue  Apparatus 

(5)  By  the  Upton-Lewis  Test.    • 

After  the  necessary  research  ^ork  has  been  done  to  solve  these  and 
other  similar  questions  pertaining  to  the  testing  of  welds,  standard  speci- 
fications for  the  testing  procedure  can  be  prepared  which  will  be  properly 
balanced  between  the  cost  of  making  the  tests  and  the  amount  of  testing 
necessary  to  insure  a  reliable  estimate  of  the  weld. 

Conclusion 

The  extent  of  the  field  of  application  for  Fusion  Welding  and  Spot 
Welding  is  but  little  appreciated  by  engineers  other  than  those  who  have 
been  directly  connected  with  welding  developments.  It  is  evident  that 
this  field  is  an  enormous  one,  including  as  it  does  all  structures  where 
steel  is  employed,  such  as  bridges,  building  structures,  tanks  of  all  types 
and  kinds,  railway  rolling  stock,  and  ships,  in  addition  to  numberless 
miscellaneous  applications  in  industry  in  general. 

However,  engineers  associated  with  Welding  Research  should  be  on 
their  guard  that  their  enthusiasm  over  this  great  field  of  application 
shall  not  lead  them  into  prematurely  endorsing  the  use  of  Fusion  Welding 
or  Spot  Welding  in  constructions  where  the  consequences  of  failure 
involve  serious  menace  to  life  and  property,  as  may  often  be  the  case. 
For  example,  a  particularly  important  case  is  that  of  pressure  vessels 
and  especially  large  high-pressure  containers.  The  success  in  one  hun- 
dred installations  will  not  excuse  failure  (accompanied  possibly  by  fatal- 
ities), in  the  one  hundred  and  first  installation.  It  is  the  opinion  amongst 
the  best  informed  engineers  that  before  Fusion  Welding  can  advisedly  be 
employed  for  large  high-pressure  vessels,  much  vigorous  and  el^iborate 
research  work  should  be  carried  out  on  the  fatigue  characteristics  of 
fusion  welds  of  long  seams,  and  that  this  research  work  must  comprise 
full-sized  structures  since  the  conditions  cannot  be  reproduced  in  test 
samples. 

In  fact,  if  the  general  acceptance  of  welding,  particularly  by  Inspec- 
tion Boards,  Underwriters,  and  Classification  Societies,  is  to  be  accom- 
plished in  a  reasonably  short  time,  such  extensive  Research  Work  on  a 
large  scale  is  absolutely  essential  in  order  to  demonstrate  conclusively 
that  welded  joints  are  equal  to  or  better  than  joints  made  by  other 
methods.  Obviously  the  development  of  the  art  could  proceed  along 
the  lines  of  the  usual  order  of  evolution  as  in  the  cases  of  previous  arts, 
but  this  would,  as  in  those  cases,  involve  the  lapse  of  years. 

For  structures  subjected  to  less  extreme  stresses,  such  as  the  hulls 
of  ships,  the  adequacy  of  Fusion  Welding  as  a  substitute  for  riveting  i^  in 
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process  of  being  thoroughly  demonstrated  in  actual  practice  in  Great 
Britain.  It  is  recognized  that  the  hulls  of  ocean-going  ships  are  ex- 
posed to  very  great  stresses,  nevertheless  there  is  a  clear  distinction  be- 
tween the  magnitude  of  those  stresses  and  the  stresses  to  which  many 
large,  high-pressure  containers  are  subjected. 

The  Author  hopes  this  paper  wUl  aid  in  focusing  attention  on  the 
vast  importance  of  the  welding  art,  particularly  by  occasioning  dis- 
cussion of  the  many  problems  in  Welding  Research,  some  of  which  have 
been  mentioned  in  the  paper. 

The  Author  cannot  imdertake  to  give  adequate  acknowledgqient 
of  his  indebtedness  to  his  many  associates  in  the  preparation  of  this 
paper.  The  mofst  generous  assistance  has  been  given  him  on  every  hand. 
Mr.  William  Spraragen  has  extended  much  assistance  in  preparing  data 
and  in  many  useful  ways.  Mr.  F.  M.  Farmer,  Chief  Engineer  of  the 
Electrical  Testing  Laboratories,  has  given  very  generously  of  his  time 
in  advising  the  Author  in  detail  about  many  points  which  arose  in  the 
course  of  the  preparation  of  \hia  paper. 

Three  Appendices  accompany  this  paper: 

Appendix  A :  Standard  Procedure  for  Testing  Welding  Electrodes. 

Appendix  B:  The  Wirt-Jones  Tests  of  Arc  Welded  Half-inch  Ship 
Plates. 

Appendix  C:  Bending  Tests  of  Gas  Welds. 


Appendix  A 

Standard  Procedure  for  Testing  Welding  Electrodes. 
^Welding  Committee,  Emergency  Fleet  Corporation 

November,  1918 

1.  Purpose. — ^The  purpose  of  this  specification  is  to  provide  a  standard 
procedure  for  testing  welding  electrodes  for  electric  arc  welding  which 
are  submitted  for  the  information  of,  and  with  the  view  to  the  approval 
by,  the  Welding  Committee  of  the  Emergency  Fleet  Corporation. 

Note. — This  specification  describes  a  test  of  electrodes  and  not  a  com- 
bination of  an  electrode  and  of  an  apparatus.  The  fact  that  the  appli- 
cant is  given  the  option  of  selecting  the  system  with  which  the  test  is 
made,  does  not  make  it  a  test  of  that  system,  any  more  than  the  employ- 
ment of  a  particular  welding  operator  could  be  said  to  make  it  a  test  of  a 
welding  operator.  The  system  used  in  making  these  tests  may  or  may 
not  prove  to  be  of  importance.  It  is  sought  to  minimize  the  influence  of 
the  individuaUty  of  the  operator  by  requiring  the  test  to  include  welds 
made  by  at  least  two  operators. 
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The  Welding  Committee  has  two  other  Sub-Committees  into  whose 
province  falls  the  Approving  and  Certifying  of  Operators  and  the  Approv-    • 
ing  and  Certifying  of  Systems.    The  admission  that  these  three  tasks 
overlap  does  not  involve  any  reason  for  delaying  theimportant  task  of  pro- 
ceeding at  once  with  the  standardizing  of  the  testing  of  electrodes. 

2.  General  Conditions. — (a)  Each  applicant  shall  provide  at  his 
factory  or  elsewhere  as  he  may  elect,  the  necessary  facilities  and  at  least 
two  operators  for  making  the  test  welds  prescribed  by  these  specifications. 
Except  when  otherwise  indicated  in  these  specifications,  the  applicant 
shaU  select  the  apparatus  and*other  conditions  for  making  test  welds 
which  he  considers  most  suitable  for  his  electrodes. 

(b)  The  test  welds  shall  be  made  in  the  presence  of  an  auUimzed 
representative  of  the  Welding  Committee  of  the  Emergency  Fleet  Corpora- 
tion who  will  be  empowered  to  certify  as  to  the  compliance  with  the  con- 
ditions prescribed  in  the  specifications.  Also  representatives  of  Lloyd's 
Register  of  Shipping  and  the  American  Bureau  of  Shipping  shall  have  the 
opportunity  to  witness  the  making  of  the  'test  welds. 

(c)  Until  otherwise  declared,  the  authorized  representative  of  the  Weld- 
ing Committee  shall  be  the  Electrical  Testing  Laboratories,  80th  Street 
and  East  End  Avenue,  New  York,  N.  Y. 

(d)  The  Welding  Committee  shall  assume  charge  of  the  complete  test 
welds  and  have  them  tested  by  the  authorized  representative  in  accord- 
ance with  these  specifications. 

(e)  The  authorized  representative  shall  render  to  the  Welding  Commit- 
tee a  complete,  detailed  report  of  each  test  of  an  electrode. 

(/)  The  cost  of  carrying  out  the  prescribed  tests  shall  be  borne  by 
the  applicant. 

3.  Sample  Electrodes, — About  100  pounds  of  each  electrode  to  be 
tested,  which  will  be  known  as  the  sample,  shall  be  furnished  without 
charge.  It  shall  be  accompanied  by  an  aflidavit  giving  the  following 
information : 

(a)  The  trade  name  under  which  the  electrode  is  marked  together 
with  certification  that  all  electrodes  bearing  this  trade  name  will  be  sub- 
stantially the  same  as  the  sample  submitted. 

(6)  The  manufacturer  of  the  complete  electrode. 

(c)  The  location  of  the  factory  in  which  the  electi:ode  was  made. 

(d)  The  manufacturer  of  the  welding  wire. 

(e)  The  location  of  the  mill  in  which  the  welding  wire  was  produced 
(0  The  chemical  analysis  of  the  welding  wire. 

The  authorized  representative  shall  retain  the  remainder  of  the  sample 
for  reference  purposes. 

4.  Plate  Material. — ^For  these  tests  one-half  inch  ship  plate  shall  be 
used.  This  material  shall  comply  with  the  *' Standard  Spedficatiom 
or  Structural  Steel  for  Ships  ^*  as  adopted  by  the  American  Society  for 
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Testing  Materials,  serial  designation  A  12-16  (see  page  98,  A.  S.  T.  M. 
Standards,  1918). 

An  abstract  of  this  specification  is  as  follows: 
1.  Open  hearth  steel. 

acid  steel,  not  over  0.06  per  cent, 
basic  steel,  not  over  0.04  per  cent. 
Sulphur,  not  over  0.05  per  cent. 

5.  Tensile  strength,  pounds  per  square  inch,  58000-68000. 

Yield  point,  minimum  pounds  per  square  inch,  0.5  tensile  strength. 

Till        ^'      '    o'    u         •  •  *  1,500,000 

Elongation  m  8  mches,  mmunum  per  cent.,  t^^T^ltrength' 

6.  Yield  point  by  drop  of  beam  method. 

7.  Cold  bend  test;  no  cracking  on  outside  of  bent  portion  when  bent 
180  degrees  around  a  pin  the  diameter  of  which  is  equal  to  the  thickness 
of  the  plate. 

5.  Cutting  of  Plates, — (a)  The  method  of  cutting  a  plate  5  feet  by  20 
feet  into  pieces  for  welding  is  shown  in  the  accompanying  reproduction 
of  dramng  No.  102  of  the  Bureau  of  Standards. 

(b)  EsLch  plate  shall  be  given  a  distinguishing  letter.  A,  B,  etc.  This 
letter  shall  appear  upon  each  piece  cut  from  it. 

(c)  Pieces  shall  be  plainly  marked  with  the  letter  and  number  arranged 
as  shown  in  the  drawing  so  that  the  location  of  the  piece  in  the  plate  may 
be  determined. 

(d)  The  plates  from  which  tensile,  cold  bend  and  fatigue  specimens 
are  to  be  made,  shall  be  cut  into*  pieces  9  inches  by  30  inches  (see 
Mg.  14). 

{e)  The  plates  from  which  impact  specimens  are  to  be  made  shall  be 
cut  into  pieces  30  inches  by  30  inches  (see  Fig.  17). 

Notes. — ^A  power  shear  may  be  employed  for  cutting  these  plates  if 
they  are  left  flat.  Pieces  whose  dimensions  are  within  y^  inch  of  the  re- 
quired size  will  be  satisfactory. 

6.  Arrangement  of  Pieces  for  Welding, — (a)  All  welds  are  to  be  made 
across  the  grain,  that  is  the  welded  joint  is  to  be  at  right  angles  to  the 
direction  of  rolling.  Fig.  15  shows  the  correct  arrangement  of  the  pieces 
for  the  test  welds  to  be  used  for  the  physical  tests,  but  in  Fig.  17,  which 
shows  the  arrangement  of  pieces  for  the  impact  test,  pieces  such  as 
J-1  and  J-2  should  be  taken  for  a  test  weld  instead  of  J-1  and  J-9. 

(b)  Preparatory  to  making  a  weld,  one  30-inch  edge  of  each  piece 
will  be  beveled  at  the  angle  preferred  by  the  applicant.  If  he  has  no  pref- 
erence, the  angle  of  the- bevel  shall  be  30  degrees  as -shown  in  Fig.  15.  The 
bevel  is  not  to  be  carried  through  to  the  bottom  edge  but  only  to  within 
Ko  inch  of  the  bottom  edge.  In  other  words,  the  ends  of  the  pieces  to 
be  welded  are  not  to  be  beveled  to  a  sharp  point  but  He  ii^ch  of  the 
original  square  edge  will  be  left  at  the  bottom  of  the  Vee. 
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(c)  For  weldiag,  the  pieces  shall  be  placed  horizontally  with  their 
under  surfaces  raised  approximately  ^i  Inch  above  the  supporting  sur- 
face.   The  beveled  edges  shall  be  placed  parallel  and  separated  ^  incb. 

(d)  The  weld  shall  in  all  cases  be  of  the  tjrpe  known  as  a  double 
bevel. 


7.  Welding  of  Pieces. — (a)  The  pieces,  which  shall  be  dry  wid  free 
from  rust  and  foreign  substance,  shall  be  "tacked"  at  each  end  and  in 
the  middle  of  the  joint,  by  welding  the  plates  at  each  of  these  places  for 
about  oite-half  inch, 

(b)  After  "tacking"  the  weld  shall  be  completed  by  working  cobtinu- 
ously  from  one  end  of  the  joint  to  the  other.  The  welding  material  ahaB 
be  added  in  at  least  two  layers  and  when  completed  the  surface  of  the 
weld  ^all  be  at  least  Sueh  with  and  not  more  than  ^  inch  aboVb  ihe 
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upper  surface  of  the  plate.  The  width  of  the  weld  at  the  top  shall  not 
be  greater  than  1}^  inches.  All  welding  shall  be  done  from  tKe  open 
aide  of  the  Vee. 

(c)  After  each  layer  of  a  weld  is  completed,  it  shall  be  inspected  by 
the  atUhorized  representative.  If  unsatisfactory,  a  new  test  weld  shall  be 
substituted  and  a  report  made  of  reasons  for  rejection. 

8.  Number  of  Test  Welds. — (a)  The-  welds  will  be  made  by  three 
skilled  operators,  two  of  whom  will  be  furnished  by  the  applicant  and 
one  by  the  Welding  Committee. 

(b)  Each  operator  shall  make  one  30-inch  weld  for  the  tensile,  cold 
bend  and  fatigue  tests  (see  Figure  15)  using  direct  current  and  a  similar 
weld  using  alternating  current.  For  these  tests,  therefore,  six  (6)  test 
welds  will  be  required  for  each  sample  electrode. 

(c)  Each  operator  shall  also  make  one  30-inch  test  weld  for  the  im- 
pact test  (see  Fig.  17)  using  direct  current  and  a  similar  weld  using  alter- 
nating current.  For  impact  tests,  therefore,  six  (6)  test  welds  will  be 
required  for  each  sample  electrode. 

(d)  If,  however,  the  applicant  intends  his  electrode  for  use  with  only 
one  kind  of  current,  that  kind  only  shall  be  used  in  making  the  welds. 
In  that  case  only  three  (3)  test  welds  will  be  required  for  (6)  and  for  (c) 
instead  of  six  (6). 

9.  Arrangement  of  Conductors. — (a)  One  of  the  conductors  shall  be 
attached  to  a  clamp  which  will  be  fastened  to  both  pieces  at  the  ebd  of 
the  joint  opposite  that  from  which  work  is  started. 

(6)  For  direct  current  work,  the  electrode  shall  have  the  polarity  de- 
sired by  the  applicant.  In  the  absence  of  any  preference  on  his  part,  the 
instructions  of  the  authorized  representative  shall  be  followed. 

10.  Welding  Data. — The  following  information  and  observations 
shall  be  recorded  by  the  authorized  representative  during  the  welding 
operations: 

(a)  Trade  name  or  other  identification  mark  of  the  electrodes. 
(6)  Complete  description  of  the  electrode. 

(c)  Sufficient  description  to  identify  the  welding  apparatus  or  system 
employed. 

(d)  Identification  marks  on  the  pieces  consumed  being  welded. 
{e)  Name  of  operator. 

(/)  Kind  of  current  {i.e.,  dc.  or  ac.) ;  if  dc,  polarity  and  if  ac,  fre- 
quency. 

(g)  Electrical  quantities  as  follows:  arc  volts  (both  open  and  closed 
circuit),  arc  current  and  arc  watts. 

(A)  Room  temperature  and  humidity. 

(i)  The  opinion  of  the  authorized  representalive  of  the  working  quality 
of  the  electrode.  Thid  statement  to  include  a  description  of  any  sputter- 
ing, boiliiig  or  other  noticeable  {Peculiarities. 


558  WELDING  MILD  STEEL  ^ 

(i)  Elapsed  time  per  weld. 
(k)  Weight  of  electrode  consumed  per  weld. 
({)  Any  other  information  which  will  assist  in  determining  the  pe^ 
f ormance  of  the  electrode,  such  as  a  photograph  of  at  least  one  weld,  etc. 

11.  Preparation  of  Welded  Plates  and  of  Specimens  for  Physical  Tests 
(see  Fig.  16). 

(a)  Each  test  weld  shall  be  machined  down  on  both  sides  to  about 
the  surface  of  the  plate. 

(6)  Specimens  shall  be  cut  from  each  test  weld  reserved  for  physical 
tests  as  follows: 

1.  Three  Tensile  Specimens, — These  shall  be  machined  to  a  uniform 
width  of  1.5  inches  unless  a  weld  of  great  strength  makes  it  necessary 
to  leave  shoulders  at  the  ends,  in  which  case  the  standard  A.  S.  T.  M. 
test  specimens  for  sheet  iron  and  steel  shall  be  prepared. 

2.  Three  Cold  Bend  Specimens. — These  shall  be  machined  to  a  uni- 
form width  of  1.5  inches. 

3.  Six  Faiigue  Specim^ens. — These  shall  be  machined  to  about  H 
inch  diameter  and  10  inches  long.  (The  exact  dimensions  are  to  be 
determined  by  experiment.) 

12.  Physical  Tests,  (a)  Tensile  Strength. — Each  of  the  three  speci- 
mens shall  be  tested  in  accordance  with  the  practice  recommended  by 
the  A.  S.  T.  M.  and  shall  include  the  determination  of  the  tensile  strength, 
yield  point  (by  drop-of-beam  method),  reduction  of  area  and  total 
elongation  after  rupture  in  2  inches  and  in  8  inches. 

(6)  Cold4>end  Test. — This  test  shall  be  made  by  placing  the  specimen 
on  two  rollers  with  the  apex  of  the  Vee  upward  and  midway  between 
the  rollers  and  loaded  at  the  center  of  the  span  thus  formed  by  a  cylin- 
drical surface  having  a  diameter  of  ^i  inch.  This  surface  shall  bend  the 
specimen  downward  between  the  rollers  until  a  fracture  appears  on  the 
lower  side  of  the  specimen  when  loading  shall  be  stopped  and  the  angle 
noted  through  which  the  specimen  has  been  bent. 

(c)  Fatigue  Test. — Each  of  the  six  specimens  shall  be  tested  in  a 
special  rotating  type  of  machine  similar  to  that  used  by  Lloyd's  Register 
of  shipping.     (Exact  details  to  be  determined  by  experiment.) 

(d)  Impact  Test. — Each  impact-test  specimen  shall  be  placed  on 
supports  18  inches  high  and  4^  feet  apart.  A  spherical  weight  of  500 
pounds  shall  be  allowed  to  fall  freely  through  a  distance  of  10  feet  strik- 
ing the  weld  which  shall  be  at  the  center  of  the  span.  The  B,pex  of  the 
Vee  shall  be  upward. 

(e)  Test  of  Original  Plate. — In  order  to  establish  the  physical  prop- 
erties of  the  unwelded  plate,  tensile,  cold-bend  and  fatigue  tests  shall  be 
made  on  a  sample  selected  at  random  from  the  pieces  used  for  the  test 
welds  but  before  such  welds  are  made. 
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Optional  Tests 

The  following  tests  are  optional  with  the  applicant  but  the  Welding 
Committee  considers  that  they  give  information  of  great  importance  and 
recommends  that  they  be  made  in  order  to  make  the  report  on  the  elec- 
trode more  complete. 

13.  Chemical  Analysis, — A  chemical  analysis  shall  be  made  of: 
(a)  The  original  plate  in  one  test  weld  selected  at  random. 

(6)  The  metal  at  the  center  of  one  test  weld  selected  at  random.  If 
test  welds  are  made  with  both  dc.  and  ac,  an  analysis  shall  be  made  of 
one  weld  of  each  set. 

14.  Photami&ograpfts,  —  Photomicrographs  shall  be  made  of  one 
specimen  weld  selected  at  random  as  follows:  (If  test  welds  are  made 
with  both  dc.  and  ac,  photomicrographs  shall  be  made  of  one  weld  of 
each  set.) 

(a)  At  center  of  weld. 

(b)  At  juncture  of  weld  and  original  metal. 

(c)  In  adjacent  original  metal. 

(d)  Cross  section  of  electrode. 

(e)  Longitudinal  section  of  electrode. 


Appendix  B 

WiRT-JoNBS  Tests  of  Arc-welded  Half-inch  Ship  Plate 

In  Tables  4  and  5  are  set  forth  the  results  of  the  tests  carried  out 
in  1918  on  arc-welded  half-inch  ship  plate  by  the  Welding  Research 
Sub-Committee.  The  plates  with  which  the  welds  were  made  had  their 
edges  prepared  with  &  45-degree  .double- Vee.  The  welds  were  made 
by  a  dozen  different  concerns.  In  each  instance  the  operator  employed 
whatever  conditions  were  considered  most  suitable.  Several  types  and 
sizes  of  electrodes,  including  both  bare  and  covered,  were  used.  While 
in  the  majority  of  cases  direct  current  was  employed,  alternating  currents 
of  25  and  60  cycles  are  also  represented  in  the  series.  The  number  of 
layers  and  the  current  employed  and,  indeed,  all  the  conditions,  were 
left  to  the  discretion  of  the  individual  operator.  The  length  of  the 
weld  was  8  in.  After  the  welds  were  made,  the  plates  were  cut  up 
by  the  Wirt  Company  (thanks  to  the  courtesy  of  Mr.  Charles  Wirt). 
The  tests  were  made  at  the  Bureau  of  Standards  under  the  direction  of 
Prof.  H-  L.  Whittemore.  The  tensile  tests  were  made  on  specimens  with 
a  cross-section  of  1  in.  by  3^  in.  Specimens  with  the  weld  machined 
have  the  projecting  metal  planed  off  so  that  the  welded  portion  is  smooth 
and  of  approximately  the  same  cross-section  as  the  remainder  of  the 
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specimen.  For  the  specimens  with  the  weld  not  machined,  no  record 
was  made  of  the  added  cross-section  due  to  the  projecting  material. 
The  cold  bend  specimens  were  1  in.  hy}4  in.  and  were  bent  around 
a  mandrel  of  1.5  in.  diameter.  The  results  of  the  tensile  and  bending 
tests  for  the  machined  samples  are  given  in  Table  4.  Those  for  the  sam- 
ples which  were  not  machined  are  given  in  Table  5. 


Table  4. — Wirt-Jones  Tests  of  One^half-inch  Aroweided  Ship  Plates 

(Machined  Samples) 


Current  in 

Tensile  Tests 

Bending 

Electrode 

Ami 
A.  C. 

>ereB 

Diam. 

of 
Elec. 
in  In. 

Current 

Density. 

Amp. 

per  Sq. 

In. 

An^e 

at  which 

Crack 

Starts, 

Degrees 

Test 
Number 

D.  C. 

Ult.  Lb. 

per  Sq. 

In. 

Per 

Cent. 

Elon. 

in  2 

In. 

Cov. 

Bare 

1 

20 

176 

•  •   ■ 

0.126 

14,227 

1 
62,700        9.0 

34 

I 
!    ^ 

1 
1 

•  • 

E.  A.  C.  &  W.  Co. 

1 

■  ■   • 

176 

0.166 

9.118 

69.800 

9.0 

42 

(    •  • 

B 

RoebKng 

22 

160 

■  •  • 

0.126 

13.008 

60.000  '     6.0 

78 

C 

■  • 

E.  A.  C.  &  W.  Co. 

2 

■      B      • 

166 

0.166 

8,075 

62,600  i   11.5 

44 

•  • 

B 

Roebling 

19 

160 

■  •  * 

0.125 

12.195 

62.800      12.0 

32 

c 

•  • 

Qoan 

31 

•  •  • 

160 

0.166 

6.930 

60,900 

8.0 

•   • 

1 

B 

Roebling 

29 

•  «   ■ 

160 

0.166 

7,815 

66.400 

6.5 

•   ■ 

1 

B 

W.  W.  A  M.  Co. 

38 

160 

•      B      • 

0.166 

7.815 

64.500 

7.0 

46 

1  c 

•  « 

E.  A.  C.  &  W.  Co. 

29 

•  •  • 

160  1  0.166 

7.816 

54,400 

6.0 

47 

1 

B 

W.  W.  A  M,  Co. 

9 

•  •   • 

160 

0.166 

7,816 

44.200 

4.0 

26 

B 

Tonoan 

9A 

160 

•  •  • 

0.187 

6.430 

42,500 

4.0 

30 

B 

Armoo 

10 

•  •  ■ 

160 

0.166 

7,816 

41.900 

4.5 

26 

B 

Toncan 

10 

•  •  • 

160 

0.156 

7,815 

41.300 

4.5 

24 

y. 

B 

Tonean 

9 

•    •    a 

160 

0.166 

7.815 

38.100 

4.0 

15 

B 

Toncan 

9A 

160 

•  »  • 

0.187 

5,430 

36,300 

4.0 

•  • 

B 

Armco 

5 

•  ■  • 

146 

0.156 

7.664 

61,100 

8.6 

66 

B 

Am.  S.  A  W.  Co. 

25 

136 

•  •  • 

0.166 

7.086 

43,700 

3.6 

26 

B 

Roebling 

30 

•  •  ■ 

136 

0.166 

7.033 

63,200 

11.0 

■  • 

B 

W.  W.  ft  M.  Co 

30 

»  •  ■ 

136 

0.156 

7,033 

62,000 

10.6 

60 

B 

W.  W.  ft  M.  Co, 

37 

126 

•  •  • 

0.126 

10,162 

66.400 

7.0 

42 

c 

•  • 

E.  A.  a  4  W.  CoL 

7 

e  •  ■ 

120 

0.125 

9,766 

67.600 

8.6 

60 

B 

Roebling 

7 

■  •  • 

120 

0.126 

9.766 

63.700 

7.0 

46 

B 

Roebling 

8 

•  •  ■ 

116 

0.126 

9,349 

59.400 

13.5 

60 

B 

Roebling 

8 

•  •  ■ 

116 

0.126 

9.349 

58,200 

14.0 

•  ■ 

B 

Roebling 

3 

•  •  « 

116 

0.166 

6,891 

60.600 

5.0 

34 

B 

Am.  S.  ft  W.  Co. 

16 

•  •  • 

110 

0.134 

7,799 

60,260 

7.0 

35 

c 

«   • 

Quaai 

27 

•  •  • 

110 

0.126 

8,943 

46,800 

8.0 

42 

•    • 

B 

Roebling 

21 

106 

■  •  • 

0.134 

7,444 

42,200 

5.0 

42 

c 

•  • 

E.  A.  C  ft  W.  Co 

26 

94 

■  •  • 

0.126 

7.642 

34.200 

3.0 

16 

•    • 

B 

Roeblinc 

18 

90 

■  •  • 

0.134 

6.381 

54,000 

6.0 

65 

c 

■  • 

Quasi 

16 

•  •  • 

90 

0.134 

6.381 

89,400 

4.0 

30 

c 

•  ■ 

Quaai 

24 

•  •   • 

86 

0.126 

7,164 

46,400 

6.0 

16 

9      • 

B 

RoeUinc 

23 

•  •   • 

86 

0.126 

6.930 

51.900 

4.0 

•  • 

•  ■ 

B 

RoeMing 
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Table  5. — Wirt- J  ones  Teats  of  One-half-inch  Arc-welded  Ship  Plates 

(Samples  Not  Machined) 


Current  in 
Amperes 

Dism. 

of 
Eleo. 

in 
Inchei 

Current 

Density. 

Amp.  per 

Sq.  In. 

Tensile  Tests 

■ 

Electrode 

Test 
Number 

A.  C. 

D.  C. 

Ult.  Lb. 

pearSq. 

In. 

Per 

Cent. 
Elon. 

Cov. 

Bare 

Make 
of  Electrode 

in  2  In. 

20 

175 

0.125 

14,275 

66,480 

11.0 

C 

■  • 

E.  A.  C.  &  W.  Co. 

22 

160 

0.125 

13.008 

66,400 

9.0 

C 

•  • 

E.  A.  C.  &  W.  Co. 

19 

150     '      ... 

0.125 

12.195 

65,400 

6.0 

C 

•  • 

Quasi 

5 

145 

1 

0.156 

7,554 

52,280 

7.0 

•  • 

B 

Am.  S.  &  W.  Co. 

25' 

1 

136     1      ... 

0.156 

7,085 

47.800 

4.0 

m    m 

B 

Roebling 

3 

...     1     115 

0.156 

5.891 

65,470 

13.0 

m    m 

B 

Am.  S.  A  W.  Co. 

27         1 

...     1     110 

j 

0.125 

8,943 

48.200 

7.0 

•    m 

B 

Roebling 

16         1 

90 

0.134 

6,381 

58,740 

5.2 

C 

Quasi 

18 

00 

0.134 

6,381 

61,760 

11.0 

C 

«  • 

Quasi 

15 

■  ■  ■                    Vv 

0.134 

6,381 

57,340 

8.0 

C 

•  • 

Quasi 

23         1 

85 

0.125 

6,910 

57,060 

6.0 

■    • 

B 

Roebling 

TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preMnted  in  person  at  the 
New  York  meeting,  February,  1919,  when  an  abatraet  of  the  paper  will  be  read.  If  this  is  impossible, 
then  diseuasion  in  writing  may  be  sent  to  the  Editor.  American  institute  of  Mining  Engineers,  29  West 
3{HhStreetf  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
UnleM  special  arrangement  is  made,  the  discussion  of  this  paper  wUI  dose  Apr.  1, 1919.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Mental  Factors  in  Industrial  Organization* 

BT  THOMAS  T.   READ,   E.   M.,    PH.   D.,   NEW  YORK,   N.   Y. 
(New  York  Meeting,  February,  1919) 

Readjustment  of  the  industrial  world  to  a  peace  basis  after  more  than 
4  years  of  war  will  involve  many  fundamental  and  far-reaching  changes 
that  cannot  as  yet  be  clearly  foreseen  or  definitely  provided  for.    Such 
problems  may  be  subdivided,  in  the  vocabulary  of  war,  into  those  in- 
volving material  and  those  centering  about  personnel.     Of  the  two, 
the  latter  group  is  the  more  diflScult  and  obscure,  as  the  factors  involved 
are  less  clearly  understood  and  the  methods  to  be  followed  are  not  yet 
tested  and  standardized.     When  it  is  said  that  the  market  is  weak, 
stocks  large,  and  demand  light,  every  business  man  understands  clearly 
what  is  meant  and  what  course  he  should  adopt  to  adjust  himself,  so 
far  as  possible,  to  such  conditions.     But  when  it  is  said  that  the  rapid 
spread  of  Bolshevism  in  Europe  is  a  danger  to  industrial  organization 
in  this  country,  it  is  difficult  to  have  any  assured  sense  that  all  that  the 
statement  may  mean  is  clearly  understood  or  that  the  means  to  be  fol- 
lowed to  meet  such  a  situation  are  definitely  known.    Since  Bolshevism 
is  primarily  a  mental  phenomenon  and  since  the  rupture  it  brings  about 
in  industrial  organization  should  be  prevented,  if  possible,  it  is  my 
purpose  to  restrict  this  discussion  of  the  actijrities  of  the  Committee 
on  Industrial  Organization  to  some  of  its  mental  aspects,  as  the  chairmen 
of  the  sub-committees,  from  their  special  knowledge  of  their  own  fields, 
can  best  set  forth  recent  progress  in  the  lines  with  which  they  are  espe- 
cially concerned. 

The  first  requisites  of  success  in  industrial  organization,  as  in  the 
biological  organism  of  which  it  is  the  social  counterpart,  are  unity  of 
purpose  and  coordinated  activity.  Typical  good  and  bad  examples  of  this 
are  the  relative  parts  that  the  United  States  and  Russia  have  played  in 
the  great  war.  These  two  factors  are  primarily  mental,  and  it  is  not 
difficult  to  view  the  mental  aspects  of  all  problems  of  industrial  organiza- 
tion as  the  most  important  ones.  Unless  we  can  attain  unity  of  purpose 
and  coordinated  activity  in  industry,  the  provision  of  comfortable  homes 
at  reasonable  rent,  the  assurance  of  steady  work  at  good  wages,  the 
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elimination  of  industrial  accidents,  and  provision  against  want  in  old 
age  or  in  case  of  disability  will  have  brought  us  no  nearer  to  our  real  goal. 

An  industrial  organization  is  made  up  of  three  groups:  those  who 
furnish  the  capital  and  take  the  risk  of  the  enterprise,  but  frequently 
have  little  active  part  in  it  after  it  is  firmly  established;  those  who  repre- 
sent the  first  class  in  the  active  direction  of  the  enterprise;  and  those 
who  give  their  energies  for  an  assured  wage,  without  assuming  any  of 
the  risk.  Some  of  the  reasons  why  these  three  elements  find  it  diflScult 
to  achieve  unity  of  purpose  and  perfectly  coordinated  activity  are 
indicated  below,  in  the  hope  that  their  statement  in  this  brief  form  will 
draw  forth  helpful  discussion. 

Activity  of  any  kind,  up  to  the  fatigue  point,  is  agreeable  to  any 
human  being,  if  it  has  an  adequate  motive  and  offers  an  opportunity 
for  self-expression.     Under  such  circumstances  much  effort  may  be 
put  forth  and  great  discomforts  endured  with  equanimity.    A  good 
example  of  this  is  duck-hunting;  very  few  people  care  to  spend  more 
than  a  few  days  in  this  form  of  activity,  for  the  motive  declines  in  relative 
importance  and  the  discomforts  relatively  increase.     Under  most  fonns 
of  industrial  organization,  the  workman  has  little  motive  for  labor, 
beyond  the  wage  offered;  his  opportunity  for  self-expression  comes  in 
the  character  of  the  work  done.     The  growing  complexity  of  industrial 
processes  due  to  research,  and  the  iinmigration  into  the  eastern  United 
States  of  large  numbers  of  workmen  of  relatively  low  intelligence,  has 
lead  to  the  development  of  the  functional,  or  so-called  scientific,  system 
of  management.     This  method  was  developed  by  F.  W.  Taylor  as  the 
best  way  of  supervision  of  men  of  inferior  grades  of  intoUigenee.    Its 
great  drawback  when  applied  to  workmen  of  higher  intelligence  is  that 
it  almost  completely  robs  them  of  the  few  opportunities  for  self-expression 
in  their  work  that  remain  under  the  modern  system  of  assigning  only 
one  operation  out  of  many  to  an  individual.     The  management  stiD 
finds  its  motive  and  self-expression  in  putting  on  the  market  a  product 
that  can  be  sold  at  a  good  profit,  but  the  workman  is  too  remote  from 
this  to  feel  any  satisfying  part  in  it,  although  the  industrial  value  of  an 
established  brand  or  trademark  must  not  be  overlooked,  since  the 
workman  finds  some  satisfaction  in  laboring  to  turn  out  a  product  of 
recognized    merit.    Safety  work  has  accomplished  some  good  along 
this  line  by  what  is  known  in  psychology  as  deflection;  the  workman 
does  a  standard  amount  of  work  without  any  accident  and  finds  his 
opportunity  for  self-expression  in  the  latter  feature  of  it.    Company 
baseball  teams,  bands,  first-aid  teams,  and  similar  activities  that  enaUe 
the  individual  employee  to  express  his  personality  are  of  value.    But 
the  net  result  of  the  present  tendency  in  industry  is  for  the  workman 
to  see  in  his  work  only  the  unpleasant  necessity  of  earning  a  living 
and  to  find  his  mental  satisfaction  in  other  forms  of  activity.     This  is 
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putting  the  cart  before  the  horse;  it  is  just  as  though  the  army  went 
to  defeat  the  enemy  only  as  an  unpleasant  necessity  and  found  compensa- 
tion for  its  sacrifices  in  something  else.  The  various  profit-sharing  schemes 
that  have  been  devised  are  only  a  makeshift  and  do  not  introduce  the 
workman  as  a  partner  into  the  enterprise  in  the  sense  that  his  motive 
becomes  identified  with  that  of  the  organization.  The  fundamental 
fact  remains  that  the  workman  is  not  in  a  position  to  take  much  risk, 
and  how  he  can  be  made  a  partner  in  industrial  enterprise  without 
sharing  its  risk  is  kn  unsolved  problem. 

The  wonderful  possibilities  of  an  adequate  motive  and  properly 
coordinated  activities  has  been  indelibly  impressed  on  every  business 
man  who  visited  the  training  camps  of  our  National  Army  and  saw 
the  results  accomplished  in  a  few  months'  time  with  what  must  have 
been  slightly  below  average  human  material,  since  many  of  the  most 
effective  men  secured  industrial  exemption.  No  one  who  has  seen 
it  can  forget  the  tense  eagerness  of  both  officers  and  men.  An  industrial 
organization  that  could  inject  anything  Uke  the  same  spirit  into  its 
personnel  would  be,  like  our  army,  invincible.  Coordination  of  activity 
depends  on  leadership;  identification  of  motive  in  industrial  organization 
is  impossible  imless  the  principle  is  admitted  that  the  opinions  of  the  labor- 
ing members  of  the  organization  are  entitled  to  a  respectful  hearing  and 
consideration  on  their  merits. 

Underlying  these  general  considerations  are  the  mental  characteristics 
of  the  individual  workman.  Perhaps  the  most  significant  of  these  for 
our  present  purposes  is  the  necessity  to  the  individual  for  rationalizing 
his  acts,  or  the  assigning  to  them  of  a  motive  that  is  satisfactory  to 
himself.  A  man,  for  example,  strikes  another  who  has  insulted  him,  not 
because  he  is  angry,  but  because  honor  requires  it;  or  he  refrains  from 
striking  him,  not  because  the  other  is  too  large  to  strike  with  impunity, 
but  because  it  would  be  too  undignified  to  do  so.  In  this  way  the  most 
unworthy  acts  can  be  put  on  high  moral  grounds.  Sabotage  is  a  typical 
example  of  this  in  induystry.  The  mental  reaction  in  a  man  who  can 
make  only  a  poor  living  by  hard  work  and  is  confronted  with  the  easy 
success  of  others  more  fortunate  is  too  apt  to  be  one  of  jealousy  and  the 
end  product  the  adoption  of  a  "what's  the  use  of  trying''  attitude.  We 
all  talk  of  equality  of  opportunity  and  have  too  much  tendency  to  over- 
look the  fact  that  it  is  largely  beyond  the  control  of  ourselves  or  anyone 
else.  Two  soldiers  of  equal  merit  may  be  assigned  to  the  infantry.  One 
gets  into  battle,  captures  an  enemy  gun,  escapes  unhurt,  is  decorated, 
returns  in  triumph,  and  is  elected  mayor  of  his  home  town.  The  other 
contracts  pneumonia  and  dies  in  a  field  hospital.  Up  to  the  limit  of 
human  control  both  had  equal  opportunity.  It  is  admitted  that  both 
were  of  equal  merit,  yet  the  reaction  many  of  their  colleagues  will  exhibit 
is  sympathy  in  the  one  case  and  a  feeling  that  "  I  could  have  done  it  better 


566  MENTAL  FACTORS  IN  INDUSTRIAL  ORGANIZATION 

if  I  had  had  the  chance"  in  the  other.  When  with  this  latter  feeling  is 
coupled  a  tendency  to  rationalize  a  wrong  course  of  action,  the  individual 
becomes  very  badly  adjusted  to  the  circumstances  under  which  he  must 
live.  A  rough  definition  of  a  Bolshevik  would  be  a  person  who  is  dis- 
satisfied with  things  as  they  are  and  is  able  to  rationalize  a  course  of 
action  that  experience  indicates  will  make  them  worse  instead  of  better. 

The  next  point  to  be  here  considered  is  that  efficiency  is  in  large  part  a 
question  of  mental  adaptation.  Dr.  Yerkes  is  to  present  to  our  member- 
ship an  account  of  the  methods  that  have  been  developed  under  the 
auspices  of  the  War  Department  to  determine  the  relative  intelligence 
of  men  as  an  indication  of  their  fitness  to  become  officers.  The  trade 
tests  developed  by  the  same  committee  are  of  even  greater  interest  in 
industrial  organization.  Capital  has  become  too  cheap  and  human 
effort  has  become  too  dear  to  admit  much  longer  of  the  time-honoied 
method  of  trial  and  error  as  a  means  of  fitting  the  job  to  the  man.  The 
man  who  is  not  fitted  to  his  job  is  constantly  having  the  ground  cut  from 
beneath  his  feet  by.  discouragement  and  discontent,  two  arch  enemies  of 
efficiency.  The  greater  part  of  progress  along  this  line  has  yet  to  be 
achieved,  for  we  have  made  only  a  beginning  as  yet. 

There  are  many  other  normal  mental  factors  that  might  profitably  be 
discussed  but  they  must  be  left  for  consideration  at  another  time  in  order 
to  pass  on  to  the  second  half  of  this  subject,  the  relation  that  mental 
abnormalities   bear  to  industrial   organization.     It  is  now  definitely 
known  that  some  people  exhibit  throughout  their  lives  mental  abnormali- 
ties and  others  exhibit  them  at  times.    The  paranoids  form  one  group. 
If  these  are  of  the  depressed  type,  they  are  surly  and  suspicious,  believe 
themselves  to  be  unjustly  treated,  and  fail  to  appreciate  any  kindness 
shown  them.    The  Kaiser  has  been  described  as  an  example  of  the  exalted 
type,  persons  who  believe  they  are  benefiting  others  while  making  infinite 
trouble  for  them.     Another  definite  group  comprises  the  emotionally 
unstable,  who  show  a  tendency  to  brood  and  be  unhappy,  but  are  modest 
and  self-effacing.     They  are  always  ready  to  undertake  anything  new, 
but  tire  of  it  before  it  is  completed.    They  are  marked  by  the  violence  of 
their  reactions  to  slight  provocation.     It  is  definitely  known  that  these 
types  are  present  in  industrial  organization,  but  neither  their  numbers  nor 
their  effect  on  the  normal  psychology  of  the  organization  has  yet  been 
ascertained.     In  addition  to  these  permanently  abnormal  people  are 
those  who  are  temporarily  deranged.     People  who  cannot  stand  worry, 
overwork,  or  other  unfavorable  conditions  give  way  mentally  and  one- 
fifth  of  those  admitted  to  insane  asylums  each  year  are  of  this  type. 
Most  of  them  later  get  well.     There  may  be  himdreds  of  thousands  of 
cases  of  mental  disturbance  of  this  kind  that  do  not  reach  the  point  of 
requiring  admittance  to  the  asylum,  just  as  a  man  may  have  a  severe 
cold  but  not  go  to  the  hospital.    It  seems  reasonable  to  suppose  tiiat  the 
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paranoids  may  have  a  large  efifect  in  breaking  down  unity  of  purpose  and 
coordination  of  activity  in  a  normal  body  of  workmen  and  that  the  emo- 
tionally unstable  may  play  a  large  part  in  inciting-  the  violent  outbreaks 
that  sometimes  attend  industrial  disputes.  Since  mental  abnormalities 
of  this  kind  are  relatively  more  common  among  people  of  marked  ability 
than  among  the  mediocre,  it  is  hardly  necessary  to  add  that  mentally 
abnormal  persons  may  be  found  in  the  management  as  well  as  in  the 
working  force.  It  is  the  hope  of  this  committee  that  it  will  be  able  to  do 
some  pioneer  work  in  ascertaining  the  prevalence  of  the  mentally  abnor- 
mal in  industry,  determine  the  actual  effects,  what  means  should  be 
taken  to  minimize  the  bad  effects  and  to  utilize  to  the  fullest  possible 
extent  whatever  possibihties  there  may  be  for  good. 
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Investigations  of  Aerial  Transport  in  Mining  Districts  in  South  America 

BY  GEORGE  M.  DYOTT,  LONDON,  ENG. 
(New  York  Meeting,  February,  1919) 

Summary  of  Paper 

There  are  many  who  may  consider  a  paper  on  aerial  transport  and 
its  possibilities  in  connection  with  mining  operations  somewhat  prema- 
ture. Nevertheless,  as  there  is  considerable  interest  manifested  in  the 
subject  at  the  present  time  and  the  amount  of  information  available  is 
both  scanty  and  misleading,  the  result  of  investigations  in  some  of  the 
remote  mining  districts  of  Peru  will  not  only  be  of  interest,  but  will  help 
crystallize,  in  the  minds  of  many,  a  more  correct  conception  of  just 
what  an  airplane  is  capable  of  doing. 

By  way  of  introduction,  I  will  deal  briefly  with  the  types  and  varieties 
of  airplanes  now  in  use,  and  the  developments  of  the  past  few  years, 
pointing  out  how  the  war  has  encouraged  machines  of  startling  per- 
formance rather  than  those  of  commercial  utility.  ,1  will  then  take  up 
aerial  transport  in  general,  showing  how  airplanes  may  be  employed  to 
advantage  and  the  particular  kind  of  work  for  which  they  are  best  suited. 
This  will  cover  a  preliminary  discussion  on  cost,  which  is  one  of  the  most 
important  phases  of  the  subject.  In  passing  on  from  a  general  survey 
of  the  situation,  I  will  deal  with  actual  observations  and  investigations 
made  in  Peru.  This  part  of  the  paper  will  be  divided  into  two  sections: 
the  first,  covering  the  mountainous  districts  of  the  Andes  (Tamboras, 
Pataz,  Soledad,  etc.) ;  the  second,  the  alluvial  deposits  in  the  rivers,  Chin- 
chipe,  Santiago,  and  Napo.  In  each  case  the  question  of  atmospheric 
conditions,  altitude,  landing  grounds,  motors,  cost,  etc.  will  be  discussed. 
While  it  is  my  intention  to  deal  chiefly  with  mining  in  the  sections  men- 
tioned, the  same  line  of  argument  will  be  applicable  to  any  other  districts 
in  the  world.  In  conclusion,  I  will  touch  on  the  possibilities  of  using 
lighter-than-air  craft  of  the  Zeppelin  type,  followed  by  a  summary  of 
the  most  salient  points  brought  out  in  the  paper. 
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In  a  general  way  the  points  emphasized  will  be: 

1.  That  freight  can  be  carried  by  means  of  airplanes. 

2.  That  certain  kinds  of  freight  are  more  suitable  for  aerial  transport 
than  others. 

3.  That  aerial  transport  will  not  compete  with  existing  methods  of 
transport,  but  will  extend  their  sphere  of  usefulness. 

4.  That  airplanes  will  prove  a  valuable  adjunct  to  many  mining 
operations. 

5.  That  certain  mines,  which  it  is  now  impossible  to  open,  can  be  put 
on  sound  lines  of  development  by  the  intelligent  use  of  air  craft. 

6.  That  many  gold-dredging  operations  can  benefit  by  the  employ- 
ment of  flying  boats  or  hydro-airplanes 
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A  Study  of  Shoveling  as  Applied  to  Mining 

BY  O.   TOWN8BND   PARLEY,*  TYRONE,    N.   M. 
(New  York  Meeting,  February,  1919) 

Summary  and  Conclusions  t 

Shoveling  ore  cost  so  much  at  Tyrone  during  the  year  1917  that  it 
was  deemed  advisable  to  conduct  tests  to  see  where  the  fault  lay.  These 
tests  were  in  the  nature  of  time  studies  and  extended  over  a  period  of  very 
nearly  a  year.  No  data  were  available  on  this  work  to  supply  a  starting 
point,  so  it  was  necessary  to  begin  in  a  very  elementary  way,  to  find  out 
the  capacity  of  the  average  Mexican  laborer. 

To  obtain  a  basis  for  comparison,  it  was  necessary  to  determine  the 
capacity  of  various  types  and  sizes  of  shovels,  so  as  to  know  whether  the 
214h.  (9.5-kg.)  load  was  the  best  load  underground  as  well  as  on  surface. 
A  list  of  essential  factors  influencing  shoveling  was  also  made  out  during 
the  course  of  a  short  series  of  preliminary  time  studies,  and  the  motions 
involved  in  shoveling  were  analyzed  and  subdivided  for  convenience  in 
studying.     The  necessary  forms  and  record  sheets  were  also  decided  upon 
at  this  time.    A  second  short  series  of  tests  was  then  conducted  on  the  sur- 
face, so  as  to  be  able  to  estimate  the  negative  efifects  of  underground  work, 
on  the  shovelers,  and  to  minimize^  as  far  as  possible,  the  need  for  studying 
obviously  poor  types  and  sizes  of  shovels  under  the  difficult  conditions 
to  be  encountered  in  the  mine. 

The  test  work  underground  consumed  by  far  the  greater  proportion  of 
the  time  and  was  divided  into  three  series:  Shoveling  directly  into  a  chute; 
shoveling  into  a  wheelbarrow  and  tramming  to  a  chute;  and  shoveling  into 
a  car  and  tramming  to  a  chute.  In  each  series  the  following  points  were 
determined  for  various  lengths  of  time  worked:  Number  of  shovelfuls 
handled  per  minute,  effect  of  distance  thrown  on  shoveling  speed,  amount 
of  rest  required,  amount  of  time  consumed  in  tramming  and  dumping, 
proportion  of.  working  day  occupied  in  shoveling,  total  tonnage  handled 
during  various  working  periods,  effect  of  distance  on  tonnage  handled 
during  the  day. 


*  Efficiency  £ngiiieer,  Phelps-Dodge  Corp.,  Burro  Mountain  Branch. 
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.  These  tests  showed  that  the  design  of  the  shovel  has  a  very  marked 
effect  on  the  shoveling  eflSciency  and  that  with  the  proper  weight  and  siie 
of  tool  the  man's  eflSciency  will  be  increased  in  spite  of  himself.  It  was  1 
demonstrated  that  a  man  handling  a  total  load  of  26  lb.  8  oz.  (12  kg.) 
did  the  greatest  day's  work,  other  things  being  equal,  and  that  this  load 
is  divided  into  a  live  load  of  21  lb.  (9.5  kg.)  and  a  shovel  weight  of  5  lb. 
8  oz.  (2.5  kg.).  A  shovel  weighing  5  lb.  8  oz.  made  out  of  the 
best  composition  steel  gives  very  excellent  service,  and  a  lower  cost  per 
ton  than  a  shovel  having  a  lower  first  cost. 

Further  marked  increases  in  shoveling  eflSciency  are  to  be  gained  by 
instructing  the  shovelers  in  the  proper  methods  of  using  a  shovel,  a  thing 
that  very  few  laborers  know  in  spite  of  the  fact  that  they  may  have  been 
shoveling  for  a  living  for  years. 

Probably  the  most  important  part  of  all  eflSciency  work  lies  in  the 
wage  that  is  paid  to  the  men,  the!  manner  of  pa3dng  the  wage,  and  the 
feeling  of  confidence  and  good  will  that  exist  between  the  men  and  the 
company.  Various  types  of  wage  payment  are  briefly  discussed  and  the 
conclusion  is  reached  that  the  bonus  system  in  some  form,  if  properly  i 
handled  and  carefully  watched  with  a  suflScient  number  of  specially 
trained  men  to  instruct  the -laborers  and  keep  them  working  to  the  beat 
advantage,  is  the  preferable  system  of  payment.  A  bonus  schedule  is 
proposed  as  a  starting  point  for  the  work  and  the  benefits  that  will  prob- 
ably be  derived  from  it  are  outlined,  using  some  actual  stoping  expe- 
rience as  an  example. 

Scientific  management  systems  applied  to  certain  eastern  factories 
have  demonstrated  conclusively  that  the  eflSciency  of  the  average  work- 
man can  be  increased  by  from  50  to  250  per  cent,  and  that  at  the  same 
time  the  men  will  receive  better  wages,  will  remain  in  better  health, 
and  will  be  happy  and  contented,  while  the  company  will  actually  pro- 
duce its  products  at  a  lower  cost. 

F.  W.  Taylor,  working  at  the  Bethlehem  Steel  Co.  plant  several  years 
ago,  increased  the  capacity  of  the  iron-ore  shovelers  from  16  T.  to  59  T. 
per  day  per  man,  raised  the  men's  wages  from  SI.  15  to  $1.88  a  day,  and 
at  the  same  time  decreased  the  operating  cost  from  $0,072  to  $0,033  per 
ton  shoveled.     The  increase  in  shoveling  capacity  amounted  to  269  p« 
cent.     Figures  obtained  at  Tyrone  indicate  that  the  tonnage  in  at  least 
one  of  the  large  stopes  csm  be  raised  from  8.5  T.  per  man  to  22.9  T.  per 
man,  an  increase  of  169  per  cent.,  the  wages  can  be  raised  from  $3.40 
a  day  to  $4  a  day,  and  thie  cost  to  the  company  reduced  from  $0.33  a 
ton  to  $0.24  a  ton,  after  taking  care  uf  all  extra  supervision  needed. 
In  addition  to  this  actual  saving  in  shoveling  costs,  the  overhead  and 
general  mining  costs  will  be  reduced  per  ton  by  mining  a  greater  tonnage 
per  man;  and  the  other  classes  of  labor  such  as  machine  miners  and  tim- 
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ber  men  will  be  able  to  do  more  work,  as  they  will  not  be  hampered  and 
delayed  by  the  shoVelers  to  such  an  extent  as  at  present. 

Labor  should  not  be  given  too  much  of  an  increase  in  wages  over  what 
is  recognized  as  a  fair  living  wage,  as  the  men  will  at  once  tend  to  become 
shiftless  and  prosperity  does  them  more  harm  than  good. 

The  modern  manager  is  beginning  to  see  that  the  relation  of  standard 
times  to  the  other  features  of  organization  is  very  close  and  vital.  The 
determination  of  the  standard,  or  the  shortest  time,  in  which  a  job  can 
be  done,  is  the  starting  point  for  all  work  that  has  as  its  aim  the  establish- 
ing of  an  equitable  wage  system. 


I 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[subject  to  HKViaiON] 

DISCUSSION  OF  THIS  PAPER  18  INVITED.  It  should  pref erablv  b«  presented  in  pcnon  at  the 
New  York  maetinc,  February,  1919,  when  an  abstract  of  the  paper  will  be  r^ad.  If  this  is  impossible, 
then  diNiiSBion  in  writing  may  be  sent  to  the  Editor,  American  institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  x .,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unlfliiipecial  arrangement  b  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1919.  Any  discussion 
offered  tnereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Effect  of  Temperature,  Defonnation,  and  Grain  Size  on  the  Mechanical 

Properties  of  Metals* 

BT  ZAT  JEFFRIES,  t  >fET.   B.,   D.  8C.,  CLEVELAND,    O. 
(New  York  Meeting,  February,  1919) 

Summary  t 

A  MORE  complete  interpretation  of  the  amorphous  theory  in  metals 
is  given  than  has  heretofore  been  oflfered.  It  is  believed  that  Le  Chate- 
lier,  Taiomann,  and  Heyn,  at  present  the  ablest  opponents  of  the  amor- 
phous theory,  will  not  be  able  longer  to  continue  their  beliefs  that  surface 
tension  alone  can  account  for  all  the  observed  variations  in  the  properties 
of  single  constituent  metals. 

It  is  strongly  advocated  that  the  properties  of  any  solid  substance 
be  studied  from  the  standpoint  of  the  number  of  constituents  present, 
the  quantity  and~  arrangement  of  each  constituent,  and  the  properties 
of  each  constituent.  Each  deformable  crystalline  constituent  by  plastic 
deformation  will  produce  amorphous  material,  thus  changing  the 
properties. 

Considerable  attention  is  given  to  the  variations  in  properties  of  the 
amorphous  and  crystalline  phases  of  any  substance.  These  are  sum- 
marized as  follows: 

1.  The  cohesion  of  the  amorphous  phase  of  a  substance  is  substan- 
tially asero  at  the  melting  point  while  the  cohesion  of  the  crystalline  phase 
is  considerable  at  the  melting  point.  With  decrease  in  temperature,  the 
cohesion  of  the  amorphous  phase  increases  at  a  faster  rate  than  that  of 
the  crystalline  phase;  this  differential  rate  of  change  of  cohesion  holds 
between  absolute  zero  and  the  melting  point.    At  a  certain  temperature 

*  Part  2  of  thesis  submitted  to  Harvard  University  for  degree  of  Doctor  of  Science, 
May  1,  1918.     Part  1  appeared  in  Jnl.  Inst.  Metals  (No.  2,  1918). 
t  Director  of  Research,  Aluminum  Castings  Co. 

t  ThSm  exoelleiit  paper,  which  contains  38  mlcrocimidis,  3a  diafimms,  and  25  tables,  has  been  printed 
ia  fun  lor  distribution  at  the  meeting.    Copies  of  it  will  be  sent,  free  of  charge,  to  all  persons  who  are 
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for  each  substance,  the  cohesion-temperature  curves  of  the  amorphous 
and  crystalline  phases  intersect.  In  most  ductile  metals,  this  intersection 
occurs  at  about  0.35  to  0.45  of  the  absolute  melting  point.  This  point 
of  intersection  has  been  called  the  ''equi-cohesive"  temperature;  below 
it  the  amorphous  phase  is  not  only  more  cohesive  than  the  crystalline 
but  it  increases  in  cohesion  with  decrease  in  temperature  at  a  faster  rate 
than  the  crystalline  phase.  Above  the  equi-cohesive  temperature,  the 
amorphous  phase  is  not  only  weaker  than  the  crystalline  phase  but  its 
cohesion  decreases  with  increase  in  temperature  at  a  faster  rate.  The 
equi-cohesive  temperature  corresponds  closely  to  the  lowest  recrystalli- 
zation  temperature  of  a  metal  after  severe  cold  work.  Recrystallization 
seems  to  be  caused  by  grain  growth  and  grain  growth  does  not  seem  to 
take  place  until  a  temperature  is  reached  at  which  the  amorphous  phase 
is  softer  than  the  crystalline.  These  facts,  coupled  with  a  knowledge 
of  the  arrangements  and  relative  quantities  of  the  amorphous  and  crystal- 
line phase,  enable  one  to  account  for  the  observed  mechanical  properties 
of  a  metal. 

2.  The  coefficient  of  expansion  of  the  amorphous  and  crystalline 
phases  of  a  substance,  in  general,  should  vary  inversely  as  their  cohesion. 
The  rate  of  change  of  expansion  with  change  in  temperature  should  be 
great  in  the  amorphous  phase  and  small  in  the  crystalline  phase.  There 
should  be  a  temperature  of  equal  expansion  but  this  may  not  correspond 
to  the  temperature  of  equal  cohesion.  The  same  analogy  may  be  con- 
sidered for  the  modulus  of  elasticity  and  other  related  properties,  such  as 
compressibility. 

The  difference  in  coefficient  of  expansion  between  the  amorphous  and 
crystalline  phases  may  cause  intercrystalline  brittleness  in  a  metal  at 
low  temperatures.  The  temperature  at  which  a  metal  becomes  brittle 
on  cooling  can  be  made  lower  by  changing  the  arrangement  of  the  amor- 
phous phase  into  a  less  commanding  position.  For  example,  equiaxed 
tungsten  becomes  brittle  between  100°  and  200°  C.  on  cooling.  By  chang- 
ing the  equiaxed  to  a  fibrous  structure,  the  metal  retains  useful  ductility 
at  and  somewhat  below  room  temperature. 

3.  K  a  non-allotropic  metal  is  worked  below  its  recrystallixation 
temperature,  its  elongation  and  tenacity  increase  below  the  temperature 
at  which  it  was  deformed  and  decrease  above  it  up  to  the  recrystalliaa- 
tion  temperature. 

4.  The  rate  of  deformation  of  the  amorphous  phase  with  a  given 
absolute  cohesion  is  much  less  than  that  of  the  crystalline  phase  at  a 
temperature  of  equal  cohesion.  At  the  equi-cohesive  temperature,  for 
example,  the  amorphous  phase  deforms  slowly  under  a  given  load  while 
the  crystalline  phase  deforms  quickly.  The  measured  equi-cohesive 
temperature  will  be  higher,  therefore,  the  shorter  the  time  of  test.  This 
causes  the  strength,  elongation,  and  reduction  of  area  of  metals  tested 
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above  their  recrystallization  temperatures  to  increase.  The  amorphous 
phase  may  remain  within  its  elastic  limit  with  a  short  duration  of  a 
given  load  and  deform  with  long  duration;  the  permanent  bending  of 
glass  rods  and  tubes  after  resting  months  or  years  in  bent  positions  would 
be  due  to  this  factor.  The  same  pieces  of  glass  could  be  bent  at  room 
temperature  and  would  come  back  to  their  original  positions  if  they  were 
held  in  their  bent  positions  a  short  time  only.  The  lag  in  expansion  and 
contraction  of  such  hard  amorphous  materials  as  fused  silica  is  no  doubt 
caused  by  this  same  phenomenon. 

5.  This  idea  that  the  amorphous  phase  deforms  at  a  slower  rate  than 
the  crystalline  is  not  consistent  with  the  idea  that  the  amorphous  phase 
itself  passes  through  a  mobile  state  during  deformation.  It  is  more 
probable  that  the  mobile  state  occurs  while  the  amorphous  phase  is  in 
the  process  of  formation  at  the  slip  planes;  the  mobile  state  is  the  one 
permitting  a  slip  and  this  generates  amorphous  material.  In  overcoming 
the  momentum  of  the  slip,  the  atoms  of  the  amorphous  phase  are  probably 
left  in  a  state  of  strain  immediately  after  deformation.  The  slow  adjust- 
ment of  the  strained  amorphous  metal  should  account  for  the  observed 
changes  in  properties  with  age,  in  such  metals  as  iron.  The  same  reason- 
ing holds  for  the  amorphous  phase  at  grain  boundaries.  Adjustment  of 
atoms  and  removal  of  strain  take  place  after  an  annealed  metal  is  cooled; 
in  hard  metals  this  change  will  be  slow  and  in  soft  metals  rapid. 

6.  The  mechanical  properties  of  iron  can  be  explained  best  by  assum- 
ing that  an  allotropic  change  occurs  between  room  temperature  and 
450°  C.  All  the  tensile  properties  of  both  annealed  and  cold- worked  iron 
show  discontinuities  in  this  temperature  range.  Annealed  iron  is  20  to 
25  per  cent,  stronger  between  200°  and  300°  C.  than  at  room  temperature. 
This  increase  in  strength  can  be  imparted  to  the  metal  at  room  tempera- 
ture by  working  in  the  region  of  the  stronger  allotrope.  It  is  assumed 
that  allotropy  is  associated  with  the  crystalline  phase  only,  that  is,  it  is 
caused  by  a  change  in  the  arrangement  of  the  atoms.  If  allotropy  proves 
to  be  due  to  a  change  within  the  atom,  these  views  can  be  easily  adjusted 
to  the  new  idea. 

7.  The  mechanism  of  rupture  is  discussed.  If  a  crystal  breaks  with- 
out deformation,  it  is  probable  that  no  amorphous  material  is  generated 
at  the  planes  of  fracture.  The  ability  of  a  crystal  to  be  deformed  depends 
absolutely  on  its  ability  to  generate  amorphous  metal  at  points  of  incipi- 
ent rupture.  Rupture  takes  place  by  degrees,  that  is,  all  parts  of  the 
fracture  do  not  separate  at  the  same  time;  ductility  favors  rupture  by 
degrees.  The  reduction  of  area  at  the  point  of  fracture  is  a  result  of 
rupture  by  degrees.  Rupture  by  degrees  also  favors  a  low  breaking  load 
but  at  the  same  time  it  tends  to  make  a  long  path  of  rupture.  The  bal- 
ance of  these  two  tendencies  will  control  the  breaking  load  and  reduction 
of  area  and  hence  the  elongation.    The  amorphous  phase  has  the  ability 
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to  flow  like  glass  at  relatively  high  temperatures  but;  like  glass,  it  Is 
rigid  and  brittle  at  low  temperature. 

8.  The  results  of  several  hundred  tensile  tests  on  copper,  tungsten 
and  iron  at  temperatures  between  -190**  and  900**  to  1000**  C.  are  dis- 
cussed.  The  results  are  summarized  in  the  graphs  shown  in  Figs.  43 
to  73  inclusive. 

9.  A  brief  note  is  given  dealing  with  the  interpretation  of  the  prop- 
erties of  complex  alloys.  A  suggestion  as  to  the  method  of  attack^on 
the  solid-solution  mystery  is  given. 


Natural  gas  to  the  value  of  $120,000,000  was  marketed  in  the  United 
States  in  1916,  for  nearly  two  and  one-half  times  the  value  of  all  the  silver 
produced  in  this  country  that  year. 

The  establishment  of  an  export  coal  association  under  the  Webb- 
Pomerene  law,  open  to  all  bituminous  coal  exporters  in  the  United 
States  has  been  recommended  in  a  report  by  the  Foreign  Ti-ade  Com- 
mittee of  the  National  Coal  Association. 

Gold  production  in  the  United  States  in  1918  fell  to  3,313,000  fine 
oz.,  worth  $68,493,000,  the  lowest  in  20  years,  and  silver  production 
dropped  to  67,879,000  fine  oz.,  worth  $67,879,000  at  the  standard  Govern- 
ment price  of  $1  an  ounce,  the  smallest  record  since  1913. 
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INDUSTRIAL  SECTION 

This  department  is  devoted  to  material  oonceming  the  products  or  operations 
of  manufacturers,  which,  in  the  estimation  of  the  Editor,  is  of  news  value  to  the 
mining;  and  metallurgical  field  but  does  not  come  within  the  scope  of  the  main 
editonal  section  of  the  Bulletin. 

Manufacturers  are  invited  to  submit  to  the  Editor  items  descriptive  of  new 
equipment  or  processes,  large  or  significant  instaUations,  and  similar  material 
of  news  character.  If  found  avulable,  items  thus  furnished  will  be  published  in 
this  section  without  duurge,  subject  to  such  editorial  revision  and  condensation 
as  may  be  necessary. 

In  cases  where  illustrations  are  required,  outs  of  the  proper  sise  should 
accompany  the  text  matter. 


JEFFREY  STAin>ARD  ELEVATORS 

Years  of  experience  in  the  building  of  conve3ring  and  elevating  equipments  of 
all  kinds  have  made  it  possible  for  The  Jeffrey  Mfg.  Ck).  to  select  and  standardize 
forty  elevators,  which  are  now  known  as  the  Jeffrey  Standard  Elevators,  are  made 
vertical  or  upon  an  incline  and  can  be  furnished  with  or  without  steel  casings. 
Their  capacities  range  from  6H  to  80  T.  per  hr.  with  vertical  lifts  of  from  10  to 
75  ft.  They  consist  of  endless  chains  provided  with  buckets,  of  steel  or  malleable 
iron,  spaced  at  short  equal  intervals  apart  or  close  together. 

The  nature  of  the  materials  handled  may  vary  from  non-  or  semi-gritty  mate- 
rials, such  as  grains,  coal,  and  similar  materials,  to  gritty  substances,  such  as 
ashes,  coke,  sand,  gravel  and  stone.  The  size  of  material  may  vary  from  dust 
to  4>^-in.  cubes.  They  are  designated  as  coal,  ashes,  and  stone  elevators,  simply 
because  these  materials  are  typical  of  the  class  of  materials  for  which  the  different 
types  are  adapted.  Likewise,  coal,  ashes,  and  stone,  weighing  approximately 
50,  40,  and  100  lb.  per  cu.  ft.,  offer  a  convenient  basis  on  which  to  figure  the 
capacity  of  an  elevator  when  handling  material  of  some  other  weight. 

In  the  selection  of  an  elevator  for  handling  lumpy  material  the  size  of  the 
buckets  is  determined  by  the  size  of  the  pieces  to  be  handled  rather  than  by 
the  capacity.  Often  the  amount  of  material  to  be  elevated  may  be  small  but  the 
size  of  the  pieces  might  be  so  large  as  to  require  a  large  size  bucket  irrespective 
of  the  capacity.  If  the  material  to  be  handled  is  heavier  than  that  for  which  the 
elevator  is  designed,  some  provision  should  be  made  to  insure  that  no  more 
material  enters  the  elevator  boot  or  loading  leg  than  the  elevator  is  listed  to 
handle,  otherwise  the  elevator  will  be  overloaded. 

The  coal  elevators  are  furnished  with  or  without  steel  casings  but  the  ashes  ele- 
vators are  always  furnished  with  steel  casings  unless  otherwise  ordered.  They 
are  fdso  furnished  with  a  3-in.  mesh  grating  to  prevent  large  clinkers  from  entering 
into  the  boot  and  the  discharge  spout  is  lined  with  heavy  renewable  lining  plates. 
The  stone  elevators  are  furnished  in  two  distinct  types:  the  centrifugal  discharge 
t3rpe  with  buckets  at  intervals  and  the  continuous  bucket  type  where  there  is 
no  space  between  the  buckets.  Continuous  bucket  elevators  are  not  furnished 
with  cast-iron  boots  but  are  provided  with  footshaft  and  takeup  bearings  and  a 
steel  loading  leg  for  loading  the  material  directly  into  the  buckets.  Casings  are 
not  ordinarily  furnished  with  stone  elevators  of  either  type  as  this  class  of  eleva- 
tors is  generally  used  for  rough  outside  work  where  a  steel  casing  is  not  desired. 
The  centrifugal  stone  elevators  may  be  vertical  or  inclined.    The  machinery 
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parts  of  both  are  identical  except  that  the  inclined  elevators  are  furnished  with 
simply  a  footshaf t  and  takeups  instead  of  a  cast  iron  boot  and  are  intended  to 
meet  the  requirements  where  it  is  desired  to  build  a  concrete  or  wood  boot,  or  the 
nature  of  the  material  is  such  as  to  form  its  own  boot.  The  inclined  centrifugal 
and  continuous  types  of  elevators  may  be  installed  vertically  if  desired,  in  which 
case  it  is  not  necessary  to  use  idlers  to  support  the  carrying  strand. 

AMSCO  MANGANESE-STEEL  SAND  AND  GRAVEL  PUMPS 

The  centrifugal  sand  and  gravel  pump  is  generally  recognized  as  the  most 
economical  means  for  handling  sand,  gravel,  clay,  silt,  mine  chats,  sewage  and  all 
other  detached  solids.  The  first  centrifugal  pumps  were  intended  for  pumping 
clear  water  only,  but  it  was  soon  found  that  they  could  be  constructed  so  as  to 
handle  a  percentage  of  solids.  The  mechanical  and  structural  details  of  these 
pumps  have  been  constantly  improved  until  the  modem  pump  is  very  economical 
and  highly  efficient.  It  was  found  that  as  an  improvement  in  design  enabled 
the  pumps  to  handle  more  material,  the  wearing  parts  were  subjected  to  a  more 
severe  service  so  that  a  harder  and  tougher  metal  was  required.  This  problem 
has  been  solved  by  the  use  of  manganese  steel  and  the  peculiar  properties  of  this 
metal  have  added  an  element  of  safety  as  well  as  longer  wear  to  the  pumps. 
Sand  and  gravel,  while  passing  through  the  pump  at  high  velocity,  are  thoroughly 
scoured.  Silt,  clay,  and  earth  are  disintegrated  and  carried  off  suspended  in  the 
water  at  the  discharge  of  pump  or  discharge  line.  The  abrasive  character  of 
sand  and  gravel  reduces  the  life  of  pump  shells,  runners,  and  other  parts  of  the 
pump.  Manganese-steel  pumps  possess  the  wear-resisting  qualities  demanded 
by  the  severe  conditions  encountered  in  sand  and  gravel  pumping. 

PERSONAL 

W.  H.  K.  Bennett  has  been  appointed  manager  of  the  pump  department  of 
the  American  Manganese  Steel  Co. 

TRADE  CATALOGS 

(Under  this  heading  will  be  listed  such  catalogs  or  other  adver- 
tising literature  as  may  be  received  during  the  preceding  month. 
Contributors  should  address  their  material  to  Engineering 
Societies'  Library,  29  West  39th  St.,  New  York.) 

Flannery  Bolt  Co.    Pittsburgh,  Pa. 

Staybolt.    Vol.  6,  No.  4.    Dec,  1918.    Tate  Flexible  Staybolt. 

Link-Belt  Co.    Philadelphia,  Pa. 

Link-Belt  Equipment  for  the  Handling  and  Preparation  of  Coal  at  Mine. 
Book  No.  333. 

The  Jepfret  Manufacturing  Co.    Columbus,  Ohio. 

The  Jeffrey  Carrier.    (Advance  Bulletin  to  Catalog  No.  210.)    Bulletin 
No.  237. 

Stebre  Engineering  Co.    Detroit,  Mich. 

Bulletin  No.  36.    Tar  Cameras  for  Colorimetric  Tar  Determination. 

The  Oster  Manufacturing  Co.    Cleveland,  Ohio. 

Oster  Threading  Tools.    Lists  30  and  31.    May,  1918. 

# 

U.  S.  Metal  Cap  and  Steel  Co.    New  York. 
The  Upressit  Cap. 
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'  No  matter  how  difficult  a  hoisting  job 
may  be,  you  can  [depend  upon  successful 
performance  with  a  "Vulcan." 


Vulcan  Hoists  are  equipped  with  every 
known  device  to  safeguard  the  lives  of 
workmen. 


For  the  past  40  years  Vulcan  Hoists  have 
stood  for  the  best  of  workmanship,  the  best 
of  material  and  the  best  of  service. 


You  are  welcome  to  the  services  of  our 
engineering  department  on  your  hoist  ques- 
tions, whether  you  buy  or  not. 


VULCAN  IRON  WORKS 

1744  Main  Street,  WILKES-BARRE,  PA. 

NEW  YORK  CHICAGO 

vuLMH  hei*;ts 

(Pla«M  nantioD  thli  ■hu.ktiii  when  wiitinc  adTotiMn-I  ( 


THE  MINING  AND  METALLURGICAL  INDEX 


December,  1918 

The  Engineering  Societies  Library  is  prepared  to  supply  the  originaly  or  a  copy, 
translation,  or  abstract  of  any  paper  mentioned  in  the  f oUowmg  index,  at  the  foUowniK 
rates: 

Translations,  per  1000  words:  German  or  French,  $3.60;  other  languages, 

$4.60  and  upward,  by  arrangement. 
Copies  of  articles,  maps,  drawings,  etc. 

Photoprints,  10  by  14  in.,  per  sheet 10. 2S 

Tjrpewritten,  per  1000  words 1.00 

Bibliographic  searching,  abstracting,  etc.,  per  hour $1.50 

Original  article,  publisher's  price,  plus  postage.    Orders  for  periodicals 
will  be  forwarded  to  the  pubusners,  and  bill  will  be  mailed  from  the 
Library. 
Address  communications  relating  to  the  Index  to  Engineering  Societies  Libraiy, 
29  West  39th  Street,  New  York. 

In  the  following  Index,  volume  numbers  are  given  in  heavy-faced  figures,  pag^ 
numbers  in  light-faced  figures.    Approximate  number  of  words  is  stated. 

Pa«b 

Mineral  Resources. (6) 

Mining  Geology  and  Mining  Practice (8) 

Ore-diessing  and  Preparation  of  Coal (12) 

Coal  and  Coke (Uj 

Petroleum  and  Gas (16) 

Metallurgy  of  Iron  and  Steel (20) 

Metalluigy  of  Non-ferrous  Metals (26) 

MINERAL  RESOURCES 

(Except  Petroleum  and  Gas.    See  also  Mininc  Geology  and  Mininc  Practice.) 


ALSACE-Lorraine  and  German  industry.  Sngng. 
(Nov.  15.  1918)  lOe,  561-2.     800  w. 

ARBOUIN  copper  mines  at  Cardroes.  L.  C. 
Ball,  Queensland  Geol.  Sur.  Pub.  No.  261, 
1-70. 

ARSENIC  and  its  occurrences  in  South  Queens- 
land. H.  I.  Jensen,  Queensland  Oott.  Min. 
Jnl.  (Oct.  15,  1918)  If,  455-8.  3500  w. 
Serial;  (Nov.  15,  1918)  19,  503-8.  4600  w. 
Conclusion. 

ASBESTOS,  British  Empire's  resources.  South 
A/r.  Min.  Jnl.  (Oct.  12,  1918)  18,  100-1. 
1300  w.     From  Timea  Tr.  Sup. 

BOVEY  Tracey  lignite  deposits.  A.  Strahan, 
CoU.  Guard.  (Nov.  22,  1918)  IIS,  1080-1. 
1400  w.  From  Special  Report  on  the 
Mineral  Resources  of  Great  Britain,  v.  7, 
Part  1. 

BRIEY  and  Longwy  redeemed.  Briey  et 
Longwyd61ivr6s.  SchodMinee  (Dec.  1, 1918) 
No.  2602,  610-2.     1500  w. 

BRITAIN'S  mineral  resources.  Coll.  Guard- 
(Nov.  22,  1918)  lis,  1087-8.  1500  w 
From  report  prepared  by  Sir  Lionel  Phillips- 

BRITISH  Guiana.  Min.  Jnl.  (Nov.  30,  1918) 
lis,  686-7.     1000  w. 

BRITISH  iron  ore  resources.  H.  Louis,  Nature 
(Nov.  28,  1918)  lOS,  244-5.     1200  w. 

CANNEL  coal  deposits,  British.  A.  Strahan, 
Coll.  Guard.  (Nov.  29,  1918)  US,  1131-2. 
2900  w. 

CANNEL  coals  in  Great  Britain.  Iron  A  Coal 
Tr.  Rev.  (Nov.  29,  1918)  97,  606.  1500  w. 
From  Special  Report  of  Mineral  Resources 
of  Great  Britain.     Part  1,  v.  7. 

CHROME  and  manganese  ore  producers.  F.  F. 
Sharpless,  Engng.  A  Min.  Jnl.  (Dec.  14, 
1918)  106,  1039.     700  w.     Letter. 

CHROME  near  Contact,  Montana.  Engng.  db 
Min.  Jnl.  (Dec.  21,  1918)  106,  1083.     300  w. 

CHROMITE.  J.  C.  Williams,  Chem.  News 
(Nov.  8,  1918)  117,  348-50.  1700  w.  Qr. 
of  Information  Colo.  Sch.  Mines. 
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CLONCURRY  copper  field.  S.  Earns.  Ckem. 
Engng.  A  Mxn.  Rev.  (Nov.  5.  1918)  11, 
3a-41.     2400  w.     Serial. 

COAL  and  iron  deposits,  Manchuria.  Irem  ^ 
Coal  Tr.  Rev.  (Nov.  15,  1918)  fT,  5S2-». 
1800  w.  From  paper  by  C.  F.  Wang. 
A.  I.  M.  E.  BuU.  134. 

COAL  and  ore  resources  of  Ukraine  and  rwlrosd 
connections.  F.  Thiefs,  IKe  Kohlea  yuM 
Ersvorkommen  der  Ukraine  und  ihre 
Eisenbahnverbindungen.  Anualen  fOr  Of 
werhe  und  Bauweeen  (May  1,  1918)  St.  94-5. 
2000  w. 

COAL  measures  at  Ozley  Creek,  HuglieDdes 
District.  J.  H.  Reid,  Geol.  Sur.  of  Queeor 
land  Pub.  No.  258,  1-16. 

COAL  mines  of  Semales.  Les  houilUres  de 
Semales.  BuU.  Tech.  Suisse  Rom.  (Nov. 
30,  1918)  44,  2l7-«.     1000  w. 

COAL  mining  in  Queensland  during  1917.  CA 
Guard.  (Nov.  29,  1918)  US.  11S7.  900  w. 
From  a  report  by  V.  Jackson. 

COAL  resources  of  the  Americas.  B.  L.  MiUer, 
BuU.  Pan.  Am.  Union  (Oct.,  1918)  4T,  511-33. 
22  p. 

COAL  resources  of  the  Western  front.  H.  H. 
Stock,  Black  Diamond  (Deo.  28,  1918)  tl* 
576-8.     2100  w.     Serial. 

COKING  coal,  in  Scotland,  Oeouirenoe'^of.  Dis- 
cussion of  Mr.  R.  W.  Dron's  pftpcr  (A. 
Trane.  Inst.  Min.  Engrs.  ^Nov.,  1918)  M, 
28-9.    800  w. 

COPPER  deposits,  Indian  river.  Vancovvei 
mining  division.  C.  Camsell,  Can.  Dep*. 
of  Mines.  Geol.  Sur.  No.  1719, 23B^.  ISOO 
w. 

FLUORSPAR  and  cryoUte  in  1917.  E.  F. 
Burchard,  U.  S.  GeoL  Sur.  Mintrmi  Hee. 
of  U.  5.,  Port  //.  No.  22  (Nov.  20.  1918) 
293-304.     11  p. 

FLUORSPAR  market  and  the  local  supply. 
A.  L.  Sweetser,  Engng.  A  Min.  JnL  (Dee.  14 
1918)  106,  1031-2.     1200  w. 
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"BULLDOQ" 

Hollow  and  Solid 

MINING  AND  ROCK  DRILL  STEEL 

THE  STANDARD  EVERYWHERE 


Prompt  Deliveries  on  the  Largest  Orders. 
All  Sizes  and  Sections  from  Stock. 


'BULLDOG"  Made-up DrillsareUnequalled 


r-  BSHD  FOS  PUCB  UST.  ' 


iNTEiAmLHIGH8P[ED8TE[LC0. 


WORKSi 
ROCKAWAY,  N.  J. 


OFFICEi 
99  NASSAU  ST.,  NEW  VORK 
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FRANCE,  Future  of,  as  an  iron  and  steel  pro- 
ducing country.  Iron  <fc  Coal  Tr.  Rev. 
(Deo.  6,  1918)  97.    1200  w. 

FRANCE'S  iron  and  steel  industry.  Engng.  <jfc 
Min.  JnL  (Nov.  30,  1918)  106,  966.     700  w. 

GERMAN  iron  and  manganese  supplies  after 
the  war.  P.  Krusch,  Storleken  av  Tysk- 
lands  jftrnmalmslager  och  dess  forsdrjning 
med.  j&rn  och  manganmalm  cfter  kriget. 
Jern-Kont  Ann.  (Oct.  15,  1918)  If,  515-31. 
16  p. 

GERMAN  potash  industry  in  war  times.  Com* 
merdal  FertiL  (Deo..  1918)  17,  60.  600  w. 
From  Frankfurter  Zeitung,  July  10,  1918. 

GOLD  in  East  Africa.  South  Afr.  Min.  JnL 
(Nov.  9,  1918)  18,  191.     500  w. 

GOLD,  Maximum  production  of,  a  world  neces- 
sity. J.  Clausen,  Min.  Cong.  Jnl.  (Dec, 
1918)  4,  468.     600  w. 

GOLD  mining  industry,  To  save  our.  Edit.  In- 
duat.  AuHral.  (hfov.  21,  1918)  M,  801-2. 
1100  w. 

GOLD  output,  Maintaining  the.  Edit.  Min. 
Mag.  (Nov.,  1918)  If,  232-3.     900  w. 

GOLD  question.  Bngng.  A  Min.  Jnl.  (Nov.  30, 
1918)   106,  961-2.     1200  w. 

GOLD.  Report,  Oregon  Bankers  lAss.  (Sept.  6, 
1918)  7-29.     22  p. 

GOLD,  Restrictions  in  use  of,  and  gold  mining 
situation.  Metal  Rec.  (Oct.,  1918)  4,  323. 
500  w. 

GOLD  situation.  Edit.  Min.  Cong.  Jnl.  (Dec., 
1918)  4,  442.     400  w. 

GOLD,  Value  of,  in  our  economic  system.  H. 
Strakosch,  Min.  Mag.  (Nov.,  1918)  19, 
261-3.     1800  w. 

IRON  and  manganese  ore  supply  of  Germany, 
especially  importance  of  Bney  and  Longwy. 
.  L.  C.  Glaser,  Die  Eisen  und  Manganers- 
versorgung  Deutschlands  insbesondere  die 
Bedeutung  des  Beckens  von  Briey  and 
Longwy.  Ann.  fUr  Qtwerb  und  Bauvoeeen 
(Feb.  16,  1918)  81,  43-5.     2300  w. 

IRON  fields  of  Lorraine.  R.  H.  Rastall,  Qeol. 
Mag.  (Nov..  1918)  8,  481-3.     700  w. 

IRON  mines.    What  Alsace-Lorraine,  have  meant - 
to  Germany.     Edit.     Conir.  Rec.  (Nov.  27, 
1918)  81,  935-6.     1000  w. 

LEAD,  Low  grade,  ores  of  Utah.  Salt  Lake  Min. 
Rev.  (Nov.  30,  1918)  10,  28.     800  w. 

MANGANESE  deposits,  Colorado  River  desert 
region.  Water  &  Oat  Ret.  (Nov.,  1918)  19, 
9-12.  4700  w.;  (Dec,  1918)  If,  7-8.  1800 
w.  Serial.  Min.  <fe  Engng.  JPr.  (Deo.  7, 
1918)  117,  765^8.  2200  w.  From  U.  S. 
Geol.  Sur. 

MANGANESE,  Green  River  region.  Salt  Lake 
Min.  Rev.  (Nov.  30,  1918)  10,  23-4.     1300  w. 

MANGANESE,  Kaslo,  B.  C.  Engng.  &  Min. 
Jnl.  (Deo.  21,  1918)  106,  1077.     400  w. 

MINERAL  district  of  Wickenburg.  H.  B.  Wat- 
son, Ariz.  Min,  JrU.  (Dec,  1918)  1,  6-8. 
2800  w. 

MINERAL  resources.  Exploitation  of  our. 
T.  G.  Trevor,  South  Afr.  Min.  Jnl.  (Nov. 
2,  1918)  18,  169-71.     1800  w. 

MINERAL  resources  of  Empire,   and  the  Im- 

Serial  Institute.     Metal  Ind.  (Nov.  22,  1918) 
8,  360.     600  w. 

MINERAL  resources  of  United  Kingdom. 
Iron  <fc  Coal  Tr.  Rer.  (Nov.  22,  1918)  97, 
569-72.  6000  w.;  (Nov.  29,  1918)  97,599- 
602.     4600  w.     Serial. 

MINERALS,  Field  tests  for  common  metals  in. 
G.  R.  Fansett,  Bull.  93,  Univ.  of  Aris.  (Nov., 
1918)  1-21. 
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NON-PHOSPHORIC  iron  ore  in  Europe.  Short- 
age of  supply  of.  W.  G.  Fearnsides,  Sei. 
Am.  Sup.  (6ec.  7.  1918)  86,  358-9.  1700  w. 
Abe.  of  Howard  lectures  delivered  before 
Royal  Soc  of  Arts.     Reprinted  in  Satnn. 

ORE  deposits  and  geology'  of  Bawdwin  mines. 
J.  C.  Brown.  Geol.  Sur.  of  Itadia.  (1017)  41, 
121-78.     67  p. 

POTASH,    Alsace,   deposits  and  their  economic 

significance  in  relation  to  terms  of  peac«. 

P.  Kestner,  Jnl.  Soc.  Chem.  Ind.  (Not.  IS, 

1918)  87,  291T-0.     8  p. 
POTASH,  Our  natural  resourees.    F.  W.  Brotrn, 

Min.  Jb  Sd.  Pr,  (Deo.  7.  1918)  lit,  759-62. 

3500  w. 

POTASH,  Producing  our  own.  F.  J.  HaskiK 
CommeTcial  Fertil.  (Deo..  1918)  17,  80-2. 
1500  w. 

POTASH  resources  of  United  SUtes.  J.  M. 
Matthews,  Min.  JnL  (Dec.  7.  1918)  US, 
708.     600  w. 

POTASH,  United  SUtes  should  produce  its  ovn. 
W.  W.  Main,  Min.  Cong.  Jnl.  (Dec.  1918)  4, 
466.     600  W. 

RADIUM:  Its  properties  and  oceurrence  in 
nature.  R.  B.  Moore,  Metal  Ree.  (Nov., 
1918)  4,  348-51.  4400  w.  Serial  From 
A.  I.  M.  E.  BuU.  140. 

REVENUE  legislation  affecting  mines.  A.  S. 
Thompson.  Min.  Cong.  JtU.  (Dec,  1918) 
453-6.     1700  w. 

SITUATION  in  the  metals.  Edit.  Engng.  A 
Min.  Jnl.  (Deo.  28.  1918)  106,  1136.    800  w. 

SULPHUR  deposits  of  Trans-Pecos  region  is 
Texas.  K.  Thomas.  Engng-  ^  ^*^-  <^"^ 
(Deo.  7,  1918)  106,  979-81.     1600  w. 

TIN   deposits   iii   Nassarawa,    Nigeria.    W.  E.. 

Thomas,  Min.  Mag.  (Nov..  1918)  19,  240-2. 

1200  w. 
TIN    Producers    Association.     InduH.    AuetroL 

(Oct.  17.  1918)  60,  607.     1000  w. 

WAR  Minerals  Act.  Edit.  Min.  Cong.  J^ 
(Dec.  1918)  4,  450-2.     1000  w. 

WAR  Minerals  Act.  P.  Wooton,  Engng.  A  Min 
JnL  (Deo.  14,  1918)  106.  1041.     400  v. 

WOLFRAM  and  molybdenite  ocourrenoes.  H.  I- 
Jessen,  QueenHand  Govt.  Min.  JnL  (Oct.  15. 
1918)  If,  45S-61.     2300  w. 

ZIRCONIA,  its  occurrences  and  application.  H. 
C.  Meyer,  Chem.  Ind.  (Nov.  30.  1918)  ST, 
698  A.  500  w.  From  Advance  Proof 
Ceram.  Soc.  Refractories  Sec,  Oct.  18, 1918. 

MINING  GEOLOGY  AND  MINING 
PRACTICE 

(See  also  Mineral  Resoxiroes) 

ACETYLENE  and  electric  cap  lamps  from  ft 
safety  standpoint.  H.  M.  Chance,  Coal  Aft 
(Deo.  19,  1918)  14,  1118-21.  3400  v. 
Paper  read  before  National  Safety  ConBdl. 
Sept.,  1918. 

ACETYLENE  mine  lamp.  Canad.  Founiryaa» 
(Dec.  1918)  f,  314.     500  w. 

ARBOUIN  copper  mines  at  Cardoas.  L.  C.  BsO, 
Queensland  Geol.  Sur.  Pub.  No.  261. 1-70. 

AUSTRALASIAN  Institute  of  Mining  En^neos. 
Visit  to  Newcastle.  C.  T.  Stepfaeosoi, 
Ind^st.  Auetral.  (Oct.  3.  1918)  60,  493-6. 
5400  w. 

"BOUNCE."  An  unusual,  condition.  A.  C 
Watts.  Coal  Age  (Dec.  5.  1918)  14,  1028-38. 
1500  w. 

BRITISH  Guiana.  Min.  Jnl.  (Nov.  30.  1918) 
Its,  686-7.     1000  w. 

CAISSON  method  for  foundations  and  mine 
shafts.  G.  R.  Johnson,  Proe.  Engn.So& 
Westn.  Pa.  (Oct.,  1918)  84.  489-518.    29  p. 
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EXPLOSIVES 
Standards  for  117  Years 


THE  Du  Pont  Company  takes  pride 
in  the  fact,  that  in  meeting  the  ex- 
traordinary demands  in  its  resources 
since  1914,  it  was  able  at  all  times  to 
supply  contractors,  miners,  quarrymen 
and  others  with  explosives  for  industry 
and  agriculture. 

The  magnitude  of  this  accomplish- 
ment is  better  appreciated  when  you 
consider  the  increased  activity  of  all 
fuel  and  ore  mines,  quarries  and 
emergency  construction  operations. 

Du  Pont  production  kept  pace  with 
industrial  needs,  and  the  prevalent 
shipping  congestion  caused  little  de- 
lay. The  high  standard  of  QUALITY 
and  of  SERVICE  set  by  the  founder 
of  this  company  in  1802  has  been 
maintained  at  all  times. 


E.  L  du  Pont  de  INemours  &  Co< 

Powder  Makers  Since  1802 

Wilmington  Delaware 


[Please  mention  this  bulletin  when  Vritinc  advertisers.]  (9) 
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CEMENT  gun,  Use  of,  in  »  bituminous  eo»I  mine. 
.     M.  S.  Sloman,  Coal  Age  (Dec.  26.  1918)  14, 
1168-^.     1100  w.     From  Mine  dt  Quarry. 

CEMENTATION  procaM  in  mininc.  A.  H. 
Krynauw,  Engno.  dt  Mm.  Jnl.  (Dec.  7,  1918) 
10ft,  996-7.  1400  w.  From  Jnl.  Chem., 
Met.  A  Min.  Soc.  of  South  Afr.,  May,  1918. 
Abe. 

CENTRAL  station  power  for  mines.  A.  Tancig , 
Bnimo.  A  Min.  Jnl.  (Dee.  28,  1918)  lOl, 
1119.  800  w.  From  paper  before  Engrs. 
Club  of  Northern  Minnesota,  Mar.  12.  1918. 

COAL  loading  machinery,  Underground.  E.  N. 
Zern,  Coal  Ind.  (Dec..  1918)  S,  457r78.  21 
p.  Paper  presented  to  the  Coal  Min.  Inst, 
of  Am.,  Deo.  6,  1918. 

COAL  mining  in  India  in  1917.  Coll.  Ouard. 
(Nov.  22,  1918)  IK,  1079-80.  1500  w. 
From  report  of  G.  F.  Adams,  Chief  Inspector 
of  mines  in  India. 

COAL  mining  in  Queensland  during  1917.  CM. 
Guard.  (Noy.  29,  1918)  116,  1137.  900  w. 
From  a  report  by  V.  Jackson. 

COAL  mining,  Training  of  students  in.  F.  W. 
Hardwiek,  CoU.  Ouard.  (Deo.  6,  1918)  116. 
1 187-8.  1500  w.  From  a  paper  read  before 
the  Midland  Inst.,  Dec.  o,  1918.  Iron  A 
Coal  Tr.  Rew.  (Dec.  6, 1918)  9T,  638.     1500  w. 

COAL  roof  support.  Coal  Age  (Dec.  26, 1918)  14, 
1159.     500  w. 

COAL,  Some  unique  methods  of  working,  seams. 
R.  W.  Corless,  Coll.  Ouard.  (Nov.  22,  1918) 
116^  107&-6.  1800  w.;  Iron  dt  -Coal  Tr.  Ret. 
(Nov.  22,4918)  9T,  573-4.  1600  w.;  Set.  dt 
AH  of  Min.  (Nov.  30,  1918)  St.  130-1.  1700 
w.  From  an  address  to  the  Past  and  Prc»ent 
Min.  Students  Assn..  Nov.  16,  1918. 

COPPER  enterprise,  UUh.  T.  A.  Rickard. 
Min.  dt  Sei.  Pr.  VI.  (Nov.  30,  1918) 
IIT,   713-24.     5500  w.     Serial. 

COPPER.  Growth  of  the  Kay  Mine.  F.  W. 
Bower,  Salt  Lake  Min.  Ret.  (Dec.  15,  1918) 
SO,  23.     900  w. 

CRAIGHALL  mining  power  plant.  Nat.  Engr. 
(Deo.,  1918)  SS,  634-6.     1600  w. 

DEEP  mines.  Cooling  and  drying  air  in.  Iron 
dt  Coal  Tr.  Ret.  (Nov.  8,  1918)  fT,  618. 
1600  w. 

DEVELOPMENT  period  of  a  mine.  H.  H. 
Stoek,  Coal  Age  (Dec.  12.  1918)  14,  1076- 
7.     1700  w. 

DIAMOND,  Early  history  of  South  African 
fields.  Min.  Mag.  (Nov.,  1918)  If.  268-72. 
2800  w.  From  Induei.  Aueiral.  A  Min. 
Standard,  July,  1918. 

DUST  abatement  in  mines.  W.  O.  Borcherdt, 
Engng.  A  Min.  Jnl.  (Dec.  21,  1918)  106, 
1084-5.     1100  w.    Letter. 

DUST  inhalation,  EfFeots  of.  J.  S.  Haldane, 
Jnl.  Chem..  Met.  A  Min.  Soc.  of  S.  A.  (Sept., 
1918)  19.38-43.  4200  w.;  Queeneland  Oott. 
Min.  JfU.  (Nov.  15,  1918)  If,  515-7.  3000 
w.    Read  before  Instn.  Min.  Efngrs.,  London. 

EDUCATION  in  mining:  From  student's  point 
of  view.  CoU.  Ouard.  (Nov.  8,  1918)  116. 
965-6.     3300  w. 

ELECTRIC  headlights.  Use  and  abuse  of,  on 
mining  locomotives.  K.  W.  Mackall,  Coal 
Age  (Dec.  21,  1918)  14,  1060  et  seq.  8  p. 
Paper  presented  before  Coal  Min.  Inst,  of 
Am.,  Deo.  5,  1918. 

ELECTRIC  winding  engines  and  mine  hoists. 
H.  H.  Broughton,  Electn.  (Nov.  1,  1918) 
81,  553-5.  1400  w.;  (Nov.  8,  1918)  81. 
574-5.     1200  w.     Serial. 

ELECTRICITY  in  mining,  L.  Folkes,  Sei.  A 
Art  of  Min.  (Nov.  16, 1918)  Sf.  120-1.  900  w; 
(Nov.  30,  1918)  St.  134-5.  1300  w.;  (Deo. 
14.  1918)  Sf,  150-1.     1400  w. 
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ELECTRICITY  saves  labor  in  coal  miniiif. 
Elect.  Ret.  (Dec.  14. 1918)  78,939-40. 1000  t. 

EXPLOSIVES,  ConsertaUon  of.  S.  C.  Joacs. 
Coal  Age  (Dec.  19,  1918)  14,  1110-2.  1400 
w.  Part  of  a  discussion  before  Cosl  Min. 
Inst,  of  Am.,  Dee.  5,  1918. 

EXPLOSIVES,  Cost  of.  and  production  of  sold. 
•     Engng.    A   Min.  Jnl.    (Dee.   14.  1918)  IOC. 
1039-40.     700    w. 

GERMAN  machine  for  tunneling.  F.  Sehmitt. 
Machine  aUemande  pour  le  creusement  dt*' 
tunnels  et  des  galeries  de  mines.  Ginif 
Ciwil  (Nov.,  1918)  TS,  421-3.     1500  w. 

GOLD  dredges.  Use  of  electricity  on.  Bled 
Ret.  (Dec.  7,  1918)  TS,  881-3.     1300  w. 

GOLD  mining  in  Western  Aiistralia.  T.  Bate- 
ment,  Cnem.,  Engng.  A  Min.  Ret.  (Oct.  5. 
1918)  10,  14-8.  2800  w.;  (Nov.  5,  1918) 
11,  42-6.     3400  w.     Serial. 

GOLD  production.  Imperial  inquiry  into.  SovA 
Afr.  Min.  Jnl.  (Oct.  19. 1918)  S6. 123.  700  v. 

GOLD  production.  Suggested  stimulation.  Seidk 
Afr.  Min.  Jni.  (Nov.  9,  1918)  tl,  201. 
1000  w. 

GRANBY  Consolidated  Mining,  Smeltii«  and 
Power  Company,  Ltd.  Min.  A  Bnpit- 
Rec.    (Oct.   31,    1918)    SS,    192-206.    14  p. 

HAZARD  coal  field.  P.  M.  Sherwin,  CmI 
Age  (Dec.  5,  1918)  14,  1031-4.     1400  w. 

HOISTING  ropes.  M.  M.  Sigafoos,  Mtch, 
Wld.  (Nov.  1,  1918)  64,  208-9.  1600  w. 
Abs.  of  paper  read  before  National  Safety 
Council. 

KOTZE  Konimeter,  Estimation  of  injorioui  di»t 
in  mine  air  by  the.  J.  Innes,  Jtd.  Chem.. 
Met.  4c  Min.  Soc.  of  S.  A.  (Sept.,  1918) 
If.  43.    300  w.     Discussion. 

LAS  VACAS  gold  mine,  Chile.  D.  Pope.  Engng. 
A  Min.  Jnl.  (Nov.  30,  1918)  lOi,  958^. 
2300  w. 

LOADING  out  ooal  with  electric  shovels.  W.  B. 
Brennan,  Coal  Age  (Dec.  5,  1918)  14. 
1018-9.     1100  w. 

LOCATING  the  coal  beyond  a  fault.  W.  H. 
Luxton  and  E.  D.  Reynolds,  Coal  Ate 
(Dec.  12,  1918)  14,  1088-9.  1000  w.  hftr 
ten. 

MANGANESE  industry  at  PhUipsburg  tnd 
Butte.  S.  Barker,  Jnl.  Mont.  Soc.  Engn. 
(Jan.,  1918)  1,  18-21.     1600  w. 

MINE   accidents   and  their  causes.    Coal  Age 
'      (Dec.  26,  1918)  14,  1164-5.     1600  w. 

MINE  accident  reports.  Utilisation  of.  D.  E. 
Charlton,  Engng.  A  Min.  JtU.  (Nov.  30, 
1918)  106.  945-8.     1900  w. 

MINE  elevator  mechanism.  G.  Coates  sui 
J.  W.  Smith,  Canad.  Pat.  186436.  Of. 
Rec.  (Sept.,  1918)  46,  2568.     100  w. 

MINE  explosives  in  Enidand  and  France,  meass 
for  combating  and  th^  application  to 
German  anthracite  mining.  B.  Hatifel^i 
Die  Mittel  sur  Bek&mpfung  von  Gruben- 
explosionen  in  England  und  F^ankreiek 
und  ihre  Anwendung  im  deutschen  Stcink- 
ohlenbergbau.  Zteek.  Berg.  Httten  A  Sei- 
vreeen  (Jan.,  1918)  66,  110-47.     37  p. 

MINE  locomotives,  Chair  for.  R.  S.  Morgan. 
U.  S.  Pat.  1284130.  Off.  Oom.  (Nov.  h. 
1918)  S66,  184.     100  w. 

MINE  motor.  New  type.  D.  I.  Wbeel*r, 
Coal  Age  (Dec.  26.  1918)  14. 1167.    400  w. 

MINE  rescue  apparatus.  Self-contained.  .VcIimv 
(Nov.  14.  1918)  lOS,  205-0.  2600  w.  First 
report  of  the  Mine  Rescue  Research  Com- 
mittee. 

MINE  shaft.  Safeguarding  the.  D.  E.  Charlton. 
Engng.  A  Min.  Jnl.  (Dee.  21.  1918)  IM. 
1061-3.     1500  w. 
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THE  MAAS  PATENT 
DRILL  HOLE  COMPASS 

DETERMINES  DIRECTION  AND  DIP 


The  Maas  compass  is  past  the  experimental  stage  and 
is  used  on  rental  contracts  by  many  of  the  largest  min- 
ing and  exploring  companies  in  the  United  States.  Sev- 
eral compasses  are  also  rented  to  companies  in  Canada 
and  Russia.  Everywhere  they  are  rapidly  gaining  favor 
and  proving  their  inestimable  worth  in  a  field  where  the 
accurate  interpretation  of  results  is  so  important. 

The  compass  is  placed  in  a  glass  tube,  or,  if  the  hole  is 
a  deep  one,  in  a  thermos  bottle,  with  hot  liquid  gelatine, 
and  lowered  in  the  hole  in  a  water-tight  phosphor-bronze 
case,  with  a  tube  containing  a  dilute  solution  of  hydro- 
fluoric acid.  When  the  gelatine  has  had  time  to  solidify 
the  rods  are  pulled,  and  the  direction  and  inclination  of 
the  hole  determined  from  this  tube  in  a  Goniometer. 
There  is  nothing  to  get  out  of  order  and  the  compass  can 
be  used  by  any  drill  foreman.  The  mark  and  etching 
on  the  tube  make  a  permanent  record  of  direction  and 
inclination. 


Survey  Your  Drill  Holes 

i^BBI^^^^I^^^i^HBHHBM  ^B^i^^^H^^^^^^^B  ^^■^^^^^■■^■■■M  flHBI^^iHMi^HB^^HHB 

■ 

STOP  wasting  money  by  drilling  further  than  necessary.  If  you  save  loo  feet 
of  drilling  you  will  pay  for  this  compass.  It  shows  whether  your  holes  are 
running  true.  A  vertical  hole  may  be  nearly  horizontal  at  1500  feet  and  a 
horizontal  or  angle  hole  may  be  constantly  changing  direction. 

DON*T  waste  your  money  drifting  for  ore  before  you  know  just  where  it  is. 
SURVEY  the  drill  holes. 

STOP  holes  which  deviate  in  the  wrong  direction  or  pass  out  of  your  property 
in  depth. 

DON'T  waste  drilling,  it's  too  expensive. 

LEARN  exactly  where  your  ore  is  running  so  you  can  strike  it  with  next  hole- 
DON'T  waste  a  hole. 

The  Maas  compass  will  survey  your  drill  holes  to  a  depth  of  3,000  feet  for 
both  direction  and  inclination  in  the  time  necessary  to  test  for  inclination  only. 
The  standard  size  is  contained  in  a  case  i}4  inches  in  outside  diameter  so  that  it 
can  be  used  in  a  hole  of  "£"  size  or  larger.  Standard  size  compasses  and  sup- 
plies are  kept  in  stock  at  all  times.  Prices  and  delivery  on  special  sizes  gladly 
furnished  on  application. 


E.  L.  DERBY,  Jr.,  Agent 


ISHPEMING 


MICHIGAN 


IPleue  mention  this  bulletin  when  writinc  adycrtiiers.] 
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MINE  BignaUing.  W.  MUlar,  Brit.  Pat.  110514. 
JU.  Off.  Jnl.  (Dec.  4,  1918)  2776.     400  w. 

MINE  BigQalline  system.  Sterling  Telephone  A 
Electric  Company.  Brit.  l»at.  119808. 
lU.  Off.  Jni.  (Dec.  11,  1918)  2879.     400  w. 

MINE  timbers,  Preservative  treatment  of,  as  a 
conservation  measure.  K.  C.  Barth,  Coal 
Age  (Dec.  6,  1918)  14,  1026-7.  2800  w. 
Paper  for  presentation  at  the  Coal  Min.  Inst, 
of  Am.,  Deo.  6,  1918. 

MINE  worker.  Using  the  cripple  as  a.  P. 
Green.  Salt  Lake  Min.  Rev.  (Dec.  16,  1918) 
SO,  25-6.     1100  w. 

MINER'S  lamp.  A.  C.  Recker,  U.  S.  Pat. 
1283897.  Off.  GoM.  (Nov.  5,  1918)  S5S, 
121.     100    w. 

MINING  law  and  economics.  I.  D.  Bowen, 
CoU.  Guard.  (Dec.  6,  1918)  lie,  1185. 

MINING  machine.  O.  Toole,  U.  S.  Pat. 
1283880.  Off.  Gat.  (Nov.  5,  1918)  SSS, 
117.     200  w. 

MINING  machine.     C.  E.   Davis,     U.  S.   Pat. 

,1282768.  Off.  Go*.  (Oct.  29,  1918^  166,  S49- 

50.  200  w.;  U.  8.  Pat.  1283688,  U,  S.  Pat. 

1283689,  U.  8.  Pat.  1283690.  (Nov.  5,  1918) 

166,  66.    200  w.  each. 

MINING  method.  N.  S.  Stukey,  Canad.  Pat, 
186055.  Off.  Rec.  (Aug.,  1918)  46,  2367. 
300  w. 

MINING  methods,  Standardisation  of.  C  A. 
Mitke,  Engng.  A  Min.  Jnl.  (Nov.  30,  1918) 
106,  93^-44.     4200  w. 

OVERHEAD  Koepe  winding  plant  at  Plenmeller 
Colliery,  Haltwistle,  Northumberland,  Dis- 
cussion of  Mr.  George  Raw's  Notes  on. 
Tran9.  Inst.  Min.  Engrs.  (Nov.,  1918)  66, 
1-6.     1800  w.;  11-12.     600  w. 

PLACER  mining  in  the  Yukon.  Engng.  A  Min. 
Jnl.  (Dec.  28,  1918)  106,  1105.     700  w. 

POWER  losses  in  mines.  Eliminating.  G.  Bright, 
Coal  Ind.  (Dec.,  1918)  1,  449-51.  3000  w. 
Paper  presented  before  Coal  Min.  Inst,  of 
Am.,  Dec.  5,  1918. 

PRUSSIA,  Tests  and  improvements  in  mining 
during  1917.  Versuche  und  Verbesserungen 
beim  Bergwerksbetriebe  in  Preussrn  wfthrond 
des  Jahres,  1917.  Ztaeh.  Berg.  HUUen  dt 
Saltoeeen  (Jan.,  1918)  66,  71-110.  39  p. 

QUARRY  blasting  with  electricity.  A.  S. 
Anderson,  Du  Pont  Mag.  (Dec,  1918)  f, 
26-7.     1400  w. 

RAND  mining  and  metallurgy,  Recent  progress. 
H.  8.  Meyer,  South  Afr.  Min.  Jnl.  I.  (Oct. 
6,  1918)  18,  72.  900  w.;  II.  (Oct.  12,  1918) 
18,  106-6.     1500  w.     Serial. 

RAND  mine  accidents  due  to  ropes  breaking. 
South  Afr.  Min.  Jnl.  (Oct.  19,  1918)  18,  136. 
700  w. 

REVENUE  legislation  affecting  mines.  A.  S. 
Thompson,  Min.  Cong.  Jnl.  (Dec,  1918) 
463-6.     1700  w. 

RICH  Hill  observations.  H.  B.  Watson,  Ariz. 
Min.  Jnl.  (Dec,  1918)  1,  8  et  seq.     1700  w. 

RIO  TINTO  copper  mine,  Spain.  Engng.  A 
Min.  Jnl.  (Nov.  30,  1918)  106,  952-3. 

ROCK  quarrying  for  cement  manufacture.  '  O. 
Bowles,  Dept.  of  Interior,  Bur.  of  Mines, 
BuU.  160,  1-160. 

SAFETY  closure  for  passages  in  mines.  Dis- 
postif  pour  la  cldture  de  sdret^  des  galeries 
d'entr^e  auz  puits  d'eztraction  des  mines. 
Societa  anonyma  Delle  Miniere  di  Mercurio 
del  Monte  Amiata,  BuU.  Off.  Propri^t6 
Indust.  (May  30,  1918)  38,  76.     100  w. 

SAMPLING.  F.  W.  Bunyan,  Min.  A  Set.  Pr. 
(Deo.  21,  1918)  IIT,  827-32.     5000  w. 
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SEPARATION  doors  at  upcast  shaft  bottom. 
C.  Fletcher.  CoU.  Guard.  (Nov.  15.  1918)  lU, 
1028.  600  w.  Paper  read  before  Afancheater 
Geol.  A  Min.  Soc,  Nov.  12,  1918. 

SHAFT,  A  concrete  water-seal  ring  for.  0.  G. 
Waid,  Engng.  db  Min.  Jnl.  (Dec.  28.  1918) 
106,  1129-30.     1000  w. 

SHAFT  sinking  at  the  Seneca  mine.  Engng-  i 
Min.  Jnl.  (Dec.  28,  1918)  106,  1130.    500  v. 

SHAFTS,  Sinking,  through  thick  beds  of  mud  snd 
sand.  T.  Borland,  CoU.  Guard.  (Nov.  IS, 
1918)  116,  1019-21.     2500  w. 

SINKING  shafts.  E.  Lindley.  Brit.  Pat  119543. 
7/^  O/. /nt  (Dec.  4,  1918)  2787.    200  w. 

STANDARDIZATION  of  mining  methodi.  C 
A.  Mitke,  An's.  Min.  Jnl,  I.  (Dec.  1918)  t, 
11-6.  3200  w.;  Engng.  A  Min.  JnL  lY. 
Explosives  (Dec.  7,  1918)  106,  982-7.  4000 
w.;  V.  Fire  protection  for  metal  mines  (Dec. 

14.  1918)  106,  1025-4000  w.;  VI.  Standsrd 
equipment  (Deo.  21,  1918)  106,  1071-4. 
3000  w.;  VII.  Prospecting  and  development 
(Dec.  28.  1918)  106,  1106-11.     5000  v. 

SUBTERRANEOUS  waters  in  the  region  of 
Pica.  J.  Brugffen,  Informs  sobre  d  uu 
subterr&nea  de  la  rejion  de  Pica.  But.  soc. 
Nac  Mineria.  (Aug.,  Sept.,  1918)  S4,  30^ 
35.     30  p. 

TESLA  coal  mine.  J.  W.  Beckman,  /nZ.  cf 
EUct.  (Dec  15,  1918)  41,  550.     800  w. 

TESTI NG  a  new  breathing  apparatus.  J.  LyoM. 
Coal  Age  (Dec.  5. 1918)  14, 1019-20.    1000  w. 

TIMBER  sets.  Method  of  reclining.  Engng-  d 
Min.  Jnl.  (Dec  21.  1918  )106,  1086.    300  w. 

TIMBERS.  Preservative  treatment  of.    K.  C. 
'       Barth,    Coal   Ind.    (Dec.    1018)    1,  452-5. 

4(HX)  w.     Paper  presented  before  Coal  Min. 

Ir.Ht.  of  Am.,  Dec.  6,  1918. 

TIN  dredging  in  the  East.  Indutt.  AuitreL 
(Oct.  3,  1918)  60,  500.  1200  w  ;  (Oct.  10. 
1018)  60,  543.  1000  w.:  (Oct.  24,  1918)  M, 
638.  1000  w.;  (Oct.  17.  1918)  60,  593. 
1500  w.;  (Oct.  31.  1918)  60,675.  1500  w.; 
Serial. 

TOPOGRAPHY  and  geology  of  dredging  ares^ 
I.  C.  Janin,  Min.  A  Sei.  Pr.  (Dee.  7,  1918) 
117,  673-4.     1800  w. 

TRANSFER  chutes,  Driving  and  timberiac. 
C.  T.  Rice,  Engng.  A  Min.  Jnl.  (Dec  (, 
1918)  106,  991-3.     1600  w. 

TUNGSTEN  mine,  Pine  Creek.  Min.  A  Oi 
Bull.  (Nov.,  1918)  A.  529^30.     700  w. 

UNDERGROUND  conveyors,  Diacussion  of. 
Mr.  H.  C.  Jenkin's  pai>er  on.  Tram- 
Instn.  Min.  Engrs.  (Nov.,  1918)  66,  94-7. 
1200  w. 

UNDERGROUND  mining  with  electric  shoTel. 
E.  J.  Witthoff,  CwU  Age  (Dec.  5.  1918)  14. 
1016-7.     800  w. 

VENTILATION  of  mine.  Practice.  C.  A.  Mitke, 
Safetv  Engng.  (Nov..  1918)  16,  321-4. 
1400  w. 

VERTICAL  shaft  pillar.  Notes  on  the  remoral  d. 
J.  Chilton.  Queensland  Govt.  Min.  Jnl.  (Oct 

15.  1918)  If,  469-70.     1700  w.     Ftom  J*L 
Chem.  Met.  &  Min.  Soc.  of  S.  A. 

ORE-DRESSING  AND  PREPARA- 
TION OF  COAL 

CENTRIFUGAL  separators.  K.  Ward  and  A 
Ward,  Brit.  Pat.  1 19642.  JU.  Off.  Jnl  {Vtc 
4,  1918)  2818.     200  w. 

CLASSIFIER.     W.    H.    Donald.    Canad.   Pst 
186017.     Off.   Rec.    (Aug..    1918)    46,  2351. 
'      400  w. 


COAL  breakers  and  washeriea,  Precautioos  it 
working.  D.  K.  Clover.  ColL  Ouard.  (Dse. 
6,  1918)  116,  1199.     900  w. 
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COAL-handling  plant  at  Sewalls  Point,  Virginia. 
Coal  A^e  (Dec.  10.  1018)  14,  1122-4.    1100  w. 

COAI^handlinc    plant    of    Virginian    Railway. 

E.  F.  Caae.  Ry.  Rev.  (Nov.  23,  1018)  tt, 
731-5.     2100  w. 

COAL-waahin'g,  Settling  apparatus  for.  E.  Q. 
Burks  and  N.  Hayea.  U.  S.  Pat.  1284586. 
Off.  QoM,  (NoY.  12,  1018)  SM.  327.     300  w. 

COLLOIDS  and  flotation.  Min.  A  Sci.  Pr. 
(Nov.  30.  1018)  IIT,  730.  700  w.;  Ckem.  A 
Mel.  Enpng.  (Dec.  1.  1018)  If,  775.  700  w. 
From  U.  S.  Bur.  Mines  Tech.  Paper  200. 
Abs. 

CONCENTRATING  ores.  W.  A.  Scott,  Brit. 
Pat.  110224.  lU.  Off.  JrU.  (Nov.  20,  1018) 
2658.     100  w. 

CONCENTRATION  of  lead-sinc-silver  ore.  G- 
C.  Klug.  Min.  Mag.  (Nov.,  1018)  If.  243-5- 
1800  w. 

DRAPER  washer.  O.  Knox;  CoU.  Guard. 
(Deo.  6,  1018)  116,  1186-7.  1500  w.  From 
a  paper  read  before  South  Wales  Inst,  of 
Engrs.,  Nov.  30,  1018. 

DRY-SLUICE  placer  gold  separator.  L.  E. 
Meyer.  U.  S.  Pat.  1283857.  Off.  Oaz. 
(Nov.  5.  1018)  156,  111.     300  w. 

FLOTATION,  Collective  and  preferential.  G. 
C.  Riddell,  CKem.  A  Met.  Engng.  (Dec.  15. 
1018)  If,  822-5.     2000  w. 

FLOTATION.  Feeding,  oil  in  the  Coeur  d'Alene. 
C.  T.  Rice,  Engng.  A  Min.  Jnl.  (Dec.  14, 
1018)  106,  1022-3.     1200  w. 

GOLD  concentration.  Soda  process  for.  Jndtut. 
Auetral.  (Oct.  24.  1018)  60,  665-7.     1300  w. 

LEAD,    Hancock   jig   in   the    concentration   of. 

F.  Charles,  Emploi  du  trieur  jEIancock  pour 
la  concentration  des  minerais  de  plomb. 
Rev.  de  MetaU.  (Sept..  Oct..  1018)  18,  325-7. 
600  w.  Abs.  of  paper  by  H.  Rabling,  A.  I. 
M.  E.  BuU.,  Aug.,  1017. 

MAGNETIC  concentration  of  ores  of  low  iron 
content.  M.  Desmarets,^  La  concentration 
magn^tiques  des  minerais  k  faible  teneur 
en  fer.  Rev.  de  MetaU.  (Sept.,  Oct.,  1018) 
16,  321-5.  2300  w.  Abs.  of  paper  by 
Norton  and  Lefevre,  A.  I.  M.  E.  Bull.,  Feb., 
1017. 

METAL  extractor.  Williams  Patent  Crusher  A 
Pulveriser  Co.,  Canad.  Pat.  186303.  Off. 
Rec.  (Aug.,  1018)  46,  2404.     400  w. 

METAL  separator.  W.  F.  Gangaware,  Canad. 
Pat.  186024.  Off.  Ree.  (Aug.,  1018)  46, 
2354.     700    w. 

MINERALS  float.  Why.  G.  J.  Young,  Engng. 
A  Min.  Jnl  (Dec.  28,  1018)  106,  1127-8. 
1500  w. 

MINERALS  separation  and  the  gag.  Edit. 
Min.  A  Set.  Pr.  (Nov.  30,  1018)  IIT,  7p0-10. 
800  w. 

ORE  separation.  P.  A.  Robbins.  Canad.  Pat. 
186060.  Off.  Ree.  (Aug.,  1018)  46,  2365. 
400  w. 

PANNING  as  a  guide  to  sampling.  Engng.  A 
Min.  Jnl.  (Dec.  21,  1018)  106,  1085.      000  w. 

PLANT  of  the  Williams  Pocahontas  Coal  Co. 

G.  S.  Jazon,     Coal  Age  (Dec.  10.  1018)  14, 
1106-0.     2000  w. 

PLATINUM.  Process  for  recovering.  C.  A. 
Logan,  Min.  A  Sci.  Pr.  (Dec.  21,  1018) 
117,810-20.     800  w.     Letter. 

RECOVERING  metals  from  ores.  Process  for. 
C.   L.    Larson,    U.    S.    Pat.    1284010.     Off. 
Oax.  (Nov.  12,  1018)  266,  410.     300  w. 

ROTARY  separator.  A.  M.  Nicholas.  Canad. 
Pat.  186141.  Off.  Rec.  (Aug..  1018)  46,  2406. 
1000  w. 

RUTH  flotation  machine.  A.  J.  Hoskin,  Queens- 
land Govt.  Min.  Jnl.  (Nov.  15,  1018)  If, 
500-1.     1500  w.    From  Min.  A  Sci.  Pr. 
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SAMPLING  for  assay,  ImporUnoe  of  psrtide- 
sise  reduction  before.  A.  W.  Allen,  Engne. 
A  Min.  JnL  (Dec.  28.  1018)  106,  ll(»-5. 
1400  w. 

SORTING  ore  for  metallurgical  treatment  A. 
W.  AUen,  Engng.  A  Min.  JnL  (Nov.  30. 
1018)  106,  035-6.    2800  w. 

STORAGE.  Large  ore,  in  a  limited  space.  F.  L 
Prentiss.  Iron  Age  (Nov.  28.  1018)111, 
1311-3.     250  w. 

SULPHUR  ore  concentration  by  flotstioi. 
Bol.  Soc.  Nao.  Mineria  (Aug.,  Sept..  1018)  14, 
277-82.     5  p. 

SULPHUR,  Recovery  of.  in  roasting  of  caprou 
psrrites.  La  r6cup4ration  du  aouire  contenn 
a  r4tat  d'anhydnde  sulfureux  dans  ks  ni 
de  grillage  des  pjrritea  cuivreuses.  Kti. 
Gen.  d.  Sci.  (Oct.  30, 1018)  tf ,  564-5.    700  w. 

TIN,  Determination  of,  in  concentrates.  A.  M. 
Smoot.  Queeneland  Govt.  Min.  Jnl.  (OeL 
15,  1018)  If,  467-8.     1400  w. 

TIN,  Determination  of.  in  high-grade  wdfrtn 
ores.  A.  R.  Powell.  Engng.  A  Min.  Jfi. 
(Nov.  30.  1018)  106,  064-6.     2100  w. 

TREATING  ores.  J.  G.  Aarta.  Brit  PkL 
110867.  in.  Off.  Jnl.  (Dee.  11.  1918) 
2001.     200    w. 

WASHED  coal.  Dewatering  pits  for.  Cm/ 
Age  (Dec.  12.  1018)  14.  1CJ72-5.    2200  v. 

COAL  AND  COKE 

(See  also   Mineral   Resources,   Mining  Geokcr 
and  Mining  Practice.  Ore-dressing  and 
F^paration  of  Coal) 

AMERICAN  coals  in  b]r-product  coking  pnctkc. 
Some  characteristics  of.  F.  w.  Spwr- 
Jr..  Coal  Age.  I.  (Deo.  12. 1018)  14, 1066-71 
3500  w.;   IL    (Dec.    10.    1018)   14,  1114-7. 

.  1700  v.;  IIL  (Dec.  26.  1918)  14.  1156-7. 
800  w.  Serial.  Presented  at  a  meetiiig  of 
Franklin  Inst.,  Mar.,   1018. 

BRAZIL.  Fuel  problem  of.  Coal  Age  (Dee.  86, 
1018)  14,  1160-2.     2400  w. 

CANNEL  coals  in  Great  Britain.  Iron  A  Ceel 
Tr.  Ret.  (Nov.  20.  1018)  f  T,  606.  1500  «. 
From  SiMoial  Report  of  Mineral  Besoorees 
of  Great  Britain.  Part  1,  v.  7. 

COAL  and  its  scientific  uses.  Edit  CelLGnerl 
(Nov.  15,  1018)  116,  1027-6.     700  w. 

COAL,     Economical    use    of.     T.    J.    Nebra. 

Iron   A   Coal  Tr.   Rev.   (Dec.  6.   1018)  fl. 

620-32.     5000  w.     Read  before  Ass.  Min. 

.    Elect.   Engrs.  and  the   Nat.  Ass.  of  CoIL 

Managers. 

COAL-handlingplant  at  Sewalla  Point  Vinua^ 
Coal  Aa«  (Dec.  10,  1018)  14.  1122-ft.  1100 
w. 

COAL-handling  plant  of  Virginian  RsOvsy- 
E.  F.  Case.  Ry.  Rev.  (Nov.  23.  1018)  6ti 
731-5.     2100    w. 

COAL,  How  analysed.  F.  L.  Scrvisi.  Caei 
Age   (DeC;   26.    1018)    14,    1154-5.  3000  w. 

COAL  may  oust  gasoline  for  motor  cars.  Bdit 
Coal  Age  (Dec.  26,  1018).  14,  1172.    300  w. 

COAL  mine.  What  one  has  done.  S(m«  ^ 
Webeter  Jnl.  (Nov..  1018)  SS,  354-6.    800  v. 

COAL  mine  gases.  J.  W.  Koeter,  D%  Peel 
Mag.  (Dec..  1018)  f ,  18-20.     1600  w. 

COAL  mining  Institute  of  America,  Anmsri 
Meeting.  F.  H.  Kneeland.  Coal  Age  (Dte 
12,  1018)  14,  1080-2.     2800  w. 

COAL  storage,  Method  and  cost  H.  H.  Stoat 
Engng.  A  Chem.  Wld.  (Dec  15,  1018)  IS, 
10-20.     1800  w. 

COAL,  Storage  and  spontaneous  oombastioa  at 
Que^eland  Govi.  Min.  Jnl.  (Nov.  15.  1918) 
If,  612-3.     2000  w. 
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COAL  storace  problema,  Lom  of  heating  value. 
Timu  Enong-  Sup.  (Nov.,  1918)  244.    700  w. 

COAL.  Use  of,  in  pulverised  form.  H.  R. 
Collins.  Queensland  Govt.  Min.  Jnl.  (pot.  16, 
1018)  !•,  465-7.  2100  w.  From  A.  I.  M.  E. 
BuU.  136. 

COKE,  Metallurnoal,  and  American  ooala,  Pro- 
duction of.  Xa  produxione  del  coke  metal- 
lurgico  e  i  carboni  Americani,  Jngegneria 
Itidiona  (Oct.  31,  1918)  S,  258-9.     1600  w. 

COKE-oven  installation,  New.  Bnar,  [Lond.] 
(Nov.  22.  1918)  1S6,  430-2.     1800  w. 

COKE-oven  practice  at  Staveley.  Iron  A  Coai 
Tr.  Rev.  (Nov.  29,  1918)  97,  602.     1800  w. 

COKE-oven  practice.  Economic  considerations  in. 
W.  Colquhoun,  CoU.  Ouard.  (Nov.  15.  1918) 
116,  1022-4.  4500  w.;  1021.  1000  w. 
Discussion:  Iron  A  Coal  Tr.  Rev.  (Nov.  16, 
1918)  97,  541-^.  4400  w.  AU.  of  paper 
read  before  Midland  Inst.  Min.  Civil  and 
Mech.  Engrs.,  Nov.  9,  1918. 

COKE  ovens.  Timet  Bnang.  Sup.  (Nov..  1918) 
244.     1100  w. 

COKE  ovens.  L.  Willputte.  Brit.  Pat.  119464. 
la.  Off.  Jnl.  (Nov.  27,  1918)  2754.     100  w. 

COKE  ovens  at  Fence  Houses,  New.  CoU. 
Ouard.  (Nov.  29,  1918)  116,  1134.  700  w. 
Aba.  of  Q.  P.  Lishman's  presidential  address. 

COKINQ  coal,  in  ScoUand,  Occurrence  of. 
Discussion  of  Mr.  R.  W.  Dron's  paper  on. 
Trana.  Inst.  Min.  Engrs.  (Nov.,  1918)  16, 
28-9.     800  w. 

COMBUSTION  characteristics  of  coals.  J.  C. 
Worker,  Elect.  Rev.  (Nov.  30,  1918)  78, 
849-51.     2300  w. 

CONSOLIDATION  Coal  Company.  O.  W. 
Harris,  Coal  Age  (Dec.  26, 1918)  14, 114a-53. 
6  p. 

FUEL,  Use  of.  De  ^utilisation  des  combustibles, 
Jnl  Ueinee  d  Oax.  (Nov.  5,  1918)  iS,  321-5. 
3500  w. 

FUSIBILITY  of  coal  ash  from  West  Virginia 
coals.  W.  A.  Selvig,  Chem.  A  Met.  Engng. 
(Dec.  15,  1918)  19,  826-8.     2000  w. 

HANDLING  coal  at  Meloo  Power  Plant.  Potoer 
(Dec.  31,  1918)  48,  945-6.     600  w. 

INDUSTRIAL  coal  economy.  D.  Wilson, 
Bledn.  ^Nov.  1.  1918)  81,  559-60.  900  w. 
Conclusion.  Abs.  of  an  address  to  Ass. 
of  Engrs.-in-Charge. 

LIGNITE,  Firing  of  pulverised.  M.  C.  Hatch, 
Jnl.  of  Bled.  (Dec.  15,  1918)  81,  539-41. 
1800  w.  '•*.•■ 

LIGNITE,  Notes  on,  iU  characteristics  and 
utilisation.  S.  M.  Darling,  Power  House 
(Nov.,  1918)  SO,  32a-31.  4400  w.;  Steam 
(Dec.,  1918)  2S.  167-70.  3500  w.  Serial; 
Coa.  Guard.  (Dec.  6,  1918)  116,  1197-8. 
1000  w.  From  U.  S.  Bur.  Mines  Twh. 
Paper  178. 

LIGNITE,  Utilisation  of.  Water  A  Oae  Rev. 
(Dec,  1918)  S9,  13-4.     2300  w. 

LODNA  by-product  coking  plant.  Sei.  A  Art  of 
Min.  (Nov.  16,  1918)  S9,  115.     900  w. 

PLANT  of  William  Pocahontas  Coal  Co.  G.  S. 
Jazon.  Coal  Age  (Dec.  19,  1918)  14,  1106-^. 
2000  w. 

PULVERIZED  coal.  Growing  use  of.  J.  Cun- 
liffe,  Conlr.  Rec.  (Dec.  11,  1918)  SS,  988-9. 
1400  w.  From  a  paper  before  the  Vancouver 
Chamber  of  Mines. 

RETORT  furnaces  and  coke  ovens.  C.  W. 
Simpson,  Brit.  Pat.  119413.  IU.  Off.  Jnl, 
(Nov.  27,  1918)  2735.     100  w. 

SLOGAN  mining  district.  Investigations  in. 
M.  F.  Bancroft,  Can.  Dept.  of  Mines.  Geol. 
Sur.  No.  1719,  28B-41.     13  p. 
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SPECIFIC  gravity  of  eoal.  Routine  determiDS- 
tion.  A.  C.  Blakeley,  Coal  Agv  (Dec  12. 
1918)  14,  107fr-0.     1500  w. 

STORAGE  of  coal.  W.  A.  Taller,  Hot  Bngr. 
(Dec.,  1918)  2S,  642-3.     1300  w.    Utter. 

PETROLEUM  AND  GAS 

AMERICAN  new  oil  supplies.  Sources  of.  F.  J. 
Fobs.  Petr.  Rev.  (Nov.  16.  1918)  S9,  321. 
1000  w.     Conclusion. 

APPARATUS  for  the  treatment  of  oa-besrioi 
shale,  bitumens,  hydrocarbons,  and  other 
elements  of  a  volatile  nature.  J.  H.  Gil- 
lompe.  U.  S.  Pat.  1283723.  Off.  Oaz.  (Nor.  S. 
1918)  SM,  74.     100  w. 

DRILLING  the  first  oU  weU  in  En^laiui.  Pttr. 
Wld.  (Nov.,  1918)  IS,  450-7.     7  p. 

EMPIRE  oil  supplies.  Indust.  Austral  (Oct 
17,  1918)  60,  578.     600  w. 

ENGLISH  oilfields.  Pebr.  Rev.  (Nov.  23,  191S} 
89,  331.     1000  w. 

EXTRACTING  oils,  pyridene,  etc.  V.  Z.  Reed. 
Brit.  Pat.  119648.  IU,  Off.  Jnl  (Dec  4. 
1918)  2820.     300  w. 

GASES.  Mizinc.  F.  8.  Honberger,  Natmrvl  Gv 
A  Gasoline  Jnl  (Dec..  1918)  11,  2700  w. 

GAS-pressure  from  a  borehole.  Record  of.  C  F. 
Fairbrother,  Trans,  Inst.  Min.  Esfri. 
(Nov.,  1918)  M,  6-10.     1300  w. 

GASOLINE.    Recovery    of,    from    natural  fas, 
W.  P.  Dykema,  Pefr.  Rev.  (Nov.  2,  191«  M, 
289-90.     2000  w.;  (Nov.  9.  1918)  S9,  305-1 . 
2000  w.;  (Nov.  16,  1918)  89,  323.     1500  v. 
Serial. 

KIMMERIDGE  oil  shale.  A.  Strahan,  CvS. 
Guard.  (Nov.  29,  1918)  118,  1136-7.  2S0b 
w.  From  Special  Reports  on  MioersI 
Resources  of  Great  Britain,  v.  7,  Part  I. 

MEXICAN  oil,  expansion  of  use  of,  Effeet  upon 
American  petroleum  industry.  Oil  Tr.  /al 
(Dec..  1918)  9,  78.     800  w. 

MEXICAN  oil  law  redrafted.  Bngng.  A  Min, 
Jnl.  (Dec.  7,  1918)  108,  987.    400  w. 

MINERAL  oil  occurrences  in  England.  Pet. 
Rev.  (Nov.  23,  1918)  89,  339-40.     1500  v. 

NATURAL  gas  gasoline  industry,  Develapmest 
of.  S.  E.  Murphy,  Doherty  News  (Dec,  1918) 
4,  5-9.     1500  w. 

OIIj,  a  new  empire  of  and  its  founder.  H.  S, 
Reavis,  OU  Tr,  Jnl.  (Dee..  1918)  9,  3-6. 
900  w. 

.  OIL  and  asphalt  in  Palestine,  ^ria,  and  MesiH 
poULmia.  F.  Oswald,  Pelr.  Wld.  (Nov..  191S) 
li,.  459-61.     1400  w. 

OIL  and  gas.  Movement  of,  through  rocks.  V. 
Ziegler.  Sei.  Am.  Sup.  (Dec  14,  1918)  M, 
374-5.     3600  w.     Ftom  Scon.  GeoL 

OIL,  Competition  for  world's  marketa.  L.  M. 
Fanning,  Oil  Tr.  Jnl,  (Dec,  1918)  9,  56-8. 
1200  w. 

OIL'deposits  in  England  and  Wales.  Iron  A  Ced 
Tr.  Rev.  (Deo.  6,  1918)  97,  642.  1600  w. 
Serial.  From  "Special  Reports  on  MiBersl 
Resources  of  Great  Britain,^*  v.  7. 

OIL  fields  of  Northeastern  Texas.  W.  L.  Watii, 
Min.  A  OU  BuU,  (Nov.,  1918)  4,  525.  et 
seq.  900  w. 

OIL  FIELDS  region  of  Egypt,  Studies  of.  W.  F. 
Hume,  Petr.  Rev.  (Dec.  7,  1918)  89,  367-& 
2000  w. 

OIL  men  break  oflF  conferenoe  with  Mexieaa 
Government.  L.  M.  Fanning,  Oil  Tr.  JvL 
(Dec,  1918)  9,  70-2.     1300  w. 

OIL  shales.  Differences  in,  and  thrir  treatment 
L.  W.  Leach.  SaU  Lake  Min.  Rev.  (Dec  15^ 
1918)  SO,  21-3.     1600  w. 
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THREE  FACTS 
WORTH  KNOWING 


MONARCH  WHYTE  STRAND  WIRE  ROPE 

is  superior  in  wearing  quality  to  any  other  wire-rope  manufactured. 
It  is  strong,  tough,  durable  and  absolutely  dependable — especially 
where  work  is  severe  and  life  is  at  stake.  It  is  universally  indorsed 
and  adopted  by  mining  engineers  and  operators  throughout  the  country. 


KitllSliyO 


KILINDO  PATENT  NON-ROTATING  WIRE  ROPE 

is  the  only  absolutely  non-spinning,  non-twisting  wire  rope  manufac- 
tured. An  ideal  rope  in  cases  where  the  load  hangs  free — espe- 
cially on  a  single  part  line.  It  has  200%  greater  wearing  surface 
than  ropes  of  ordinary  construction  and  is  more  pliable.  A  perfect 
construction  for  use  in  shaft  sinking  or  excavating. 


MONARCH  PATENT  MINE  CAR  HITCHINGS 

are  adaptable  to  any  system  of  haulage,  any  car  or  any  draw  bar. 
Easy  to  couple  and  uncouple.  Not  affected  by  mud,  water  or  weather. 
Permanently  attached  to  the  car.  Interchangeable.  Do  not  Interfere 
with  hoisting  in  shaft.     Prevent  accidents  and  increase  output. 


MACOMBER  &  WHYTE  ROPE  COMPANY 

MAKERS  OF  HIGH  GRADE  WIRE  ROPE 

HOME  OFFICE  AND  WORKS 

KENOSHA.  -  WISCONSIN 

BRANCHES:  CHICAGO  PORTLAND  PITTSBURGH 


[Pleue  mention  this  Btn.LKTiN  when  writinc  advertiaen.] 
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CONTINUOUS  tunnel  furnace  in  malleable 
industry.  P.  d'H.  Dreoeler,  Foundry  (Nov., 
1918)  it.  566-8.  1000  w.  Diacuasion  of 
H.  E.  Diller's  paper  read  before  Am.  Found- 
rymen's  Asa.,  Oct.  7, 1918. 

COPPER  and  iron  alloya.  Canad.  Faundryman 
(Dec,  1918)  9,  801.     900  w. 

COTTRELL   eleotroetatie   recovery   proceee   of 

flue  duat  and  fumea.     H.  J.  Rush.  JrU.  Boc. 

Chem.   Ind.   (Oct.  31,   1918)  87,  d89R-91. 

2000  w. 
COTTRELL     plant,     Weatinghouae     electrical 

equipment  for.     Engng.  dt  Min.  Jnl.  (Deo. 

14.  1918)  108,  1030.     800  w. 

CUTTING  of  iron  and  ateel  by  oxygen.  XX. 
M.  R.  Amedeo  and  D.  Richardson,  Aut.  A 
Weld.  Jnl.  (Nov.,  1918)  18, 199-200.    1600  w. 

DAMASCENE  ateel.  Machy.  [N.  Y.]  (Dec.. 
1918)  Si.  317.     500  w. . 

DECOMPOSITION  in  caat  iron.  Signs  of. 
Zertaungaeroheinungen  an  Guaaeiaen.  Prom^ 
thetu  (May  4.  1918)  89,  121-2. 

DEFORMATION  of  8ted[:  its  influence  on 
propertiea  of  metal.  H.  Charpy.  Le  cor- 
royage  de  Tader,  aon  influence  aur  lea 
propri^t^a  du  m^tal.  Rev.  de  Metail.  (Sept., 
Oct..  1918)  18,  427-48.     21  p. 

DIFFUSION  of  metala  in  a  aolid  atate.  W. 
Berga,  Diffuaion  von  Metallen  in  featem 
auatande.  PromttKeue  (Apr.  20.  1918)  S9, 
269-71.     1500  w. 

ELECTRIC  arc  welding.  Review  of.  J.  A.  Seede, 
Otn.  EUcL  Rev.  (Dec.  1,  1918)  SI,  881-6. 
2800  w. 

ELECTRIC  arc  welding.  A.  M.  Candy.  BlecL 
Rev.  (Nov.  8.  1918)  88,  455-6.  600  w. 
Conclusion.  Aba.  JnL  A.  I.  E.  E.,  v.  38. 
No.  9. 

ELECTRIC  caat  ateel  anchor  chain.  Develop- 
ment of.  Machy.  (Dec.,  1918)  S6,  294. 
Aba.  of  art.  by  w.  L.  Merrill  in  Oen«  Elect. 
Rev, 

ELECTRIC  furnace  for  heat  treatment  of  ateel. 
Un  forno  elettrico  per  trattamento  termico  di 
acciai.  Ingegneria  tuUiana  (Nov.  14.  1918)  S, 
294-5.     1500  w. 

ELECTRIC  furnace  in  the  grey  iron  foundry. 
Canad.  Foundryman  (Dec,  1918)  9,  291,  et 
aeq.     1500  w. 

ELECTRIC  furnace.  Large.  Lea  grands  fours 
6lectriquea,  Jnl.  du  rour  Bled.  (Nov.  15, 
1918)  201-2.     1200  w. 

ELECTRIC  furnaoea  for  production  of  ateel  and 
ferro-alloya.  J.  A.  Seede,  Oen.  Elect.  Rev. 
(Nov..  1918)  SI,  767-80.     13  p. 

ELECTRIC    furnacea  in    metallurgy.     Eledn, 

(Nov.     15.    1918)  81,    588-90.     1400    w.; 

(Nov.     22.     1918)  81,     608-10.     1600     w. 
Conclusion. 

ELECTRIC  steel  for  roller  bearings,  Making. 
E.  K.  Hammond,  Machy.  [N.  Y.]  (Dec, 
1918)  S6,  318-26.     8  p. 

ELECTRIC  steel  furnaces.  Timet  Engng.  Sup, 
(Nov..  1918)  242.     400  w. 

ELECTRIC  steel  furnace,  Recent  developments 
of.  E.  J.  Moffett,  Coll.  Guard.  (Nov.  15, 
1918)  116,1031-2.  2000  w.;  (Nov.  22,  1918) 
116,  1078.  1200  w.;  Iron  <ft  Coal  Tr.  Rev. 
(Nov.  15.  1918)  97.  549.  1300  w.;  Pagee 
Engng.  Wkly.  (Nov.  15,  1918)  S3,  232-3. 
1800  w.  Abs.  of  paper  read  before  BtaflTord- 
shire  Iron  and  Steel  Inst.,  Nov.  9;  1018. 

ELECTRIC  welding.  Elect.  Times  (Nov.  21, 
1918)  §4,  1700  w. 

ELECTRIC  welding,  Development  of.  H.  A. 
Horner,  Canad.  Machy.  (Dec.  5,  1918)  SO, 
«8-50.     3300  w. 

ELECTRIC  welding  and  our  shipbuilding 
>rogram.  D.  B.  Rushmore,  Oen.  Elect.  Rev. 
[Dec,  1918)  SI.  828-9.     1290  w. 


n 
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ELECTRIC  welding  and  riveting.  8ah  Lake 
Min.  Rev.  (Nov.  30.  1918)  SO,  25.    800  w. 

ELECTRIC  welding  as  applied  to  steel  ildp 
construction.  H.  A.  Hornor,  Engng.  (Nor. 
8.  1918)  108,  522.     400  w. 

ELECTRIC  welding.  Boiler  and  other  repainhy. 
Canad.  Machy.  (Nov.  21.  1918)  SS,  596-9. 
3500  w. 

ELECTRIC  welding  for  shipbuilding.  Ekctn. 
(Nov.  22,  1918)  81,  619-20.     2000  w. 

ELECTRIC  welding  for  shipbuilding.  W.  & 
Abell.  Naut.  Oas.  (Dec  14.  1918)94,  346-7. 
2700  w.  Read  before  Brit.  Northesst  Coast 
Instn.  of  Engra  and  Shipbuilders,  Nor.  8i 
1918. 

ELECTRIC  welding  for  ships.  Tiwtea  Engng. 
Sup.  (Nov..  1918)  239.     1100  w. 

ELECTRIC   welding  in   Navy   Yarda.    H.  G. 

Knox.  Qen.  BUcL  R^v.  (Dec.  19 18)  SI,  849- 

59.     lip. 
ELECTRIC  welding  in  ahipbuilding.    Oen^EUd. 

Rev.  (Dec,  1918)  SI,  ^6-4).     2900  w. 

ELECTRIC  welding.  Ships  conatmcted  by  mmm 
of.  Navi  oonatruite  mediante  aaldaton 
elettrica,  Ingegneria  Itaiiana  (Oct  31. 191S) 
S,  262-3.     900  w. 

ELECTRIC  welda.  Inapection  of.  O.  H.  Eseb- 
hola.  Power  (Dec.  17.  1918)  48,  873-4 
1600  w. 

ELECTRICAL  precipitation.  Cleaning  Uaitr 
furnace  gaaea  by.  N.  H.  Gellert,  ufre.  Etc 
(Dec.  12,  1918)  74,  68.     1400  w. 

ELECTRICAL  reaiaUnce  of  hardened  ited. 
£.  D.  Campbell,  Engng.  (Nov.  1.  1018)  IMt 
509.  1900  w.;  Iron  db  Coal  Tr.  Act.  (SepC 
18,  1918)  117.  291.  400  w.  Aba.  Paper 
read  before  Iron  and  Steel  Inat.,  Sept  13, 
1918. 

ELECTRICALLY  welded  boat.  Pint  J.UsIod. 
Gen.  EUcL  Rev.  (Dec,  1918)  SI,  814-& 
2700  w. 

ELECTRICALLY  welded  joints,  Lloyd'a  exDeri- 
ments  on.  H.  J.  Cox.  Oen.  BUeL  Rev.  (Dec* 
1918)  SI,  864-70.     7  p. 

ELECTRODES  of  carbon.  Iron  Age  (Dec  12, 
1918)  lOS,  1485.     500  w. 

ELECTROMETALLURGY  in  Italy.  U  dec- 
trimetalurjia  en  Italia,  BoL  Sec  Ka& 
Mineria  (Aug..  Sept..  1918)  84,  282-4. 
600  w. 

ELECTROSTATIC  duat  prccimtation.  W.  H. 
Eaaton,  Induet.  Man.  (Dec,  1918)  U, 
473-5.     1200  w. 

EXPERIENCE  of  an  iron  atom.  C.  R  Stnrde- 
vant.  Indian  Engng.  (Oct.  12,  1918)  ii 
209-10.     1200  w. 

EXPERIMENTS  on  reaction  between  rare  CX^ 
and  pure  iron  below  Ai  inreraion.  H.  C  H. 
Carpenter  and  C.  C.  Smith,  Jros  A  CmI 
Tr.  Rev.  (Sept  13.  1918)  117,  294.  €00  v. 
Abe. 

FALLING  weight  teat  on  railway  tyrea.    J.  H.  G' 

Monypenny.  Engng.   (Nov.   15,   1918)  M 

645-7.     2000  w. 
FATIGUE  of  metala.     Ry.  db  LocomeL  Eitgag- 

(pec,  1918)  81,  372.     900  w.     From  Engi^^ 

Ifewe  Bee, 
FERRO-alloya.    J.  W.  Richarda,  Gmn,  BUeL  Em. 

(Nov.,  1918)  SI,  751-5.     3600  w.:  Metal  Tt. 

(Dec.    1918)    9,    488-^.     2000    w.    Read 

before  National  Ezpoaition  of  Cbem.  lad., 

Sept.  27.  1918. 
FERRO-alloya,  Manufacture  of.     R.  M.  Keeaer. 

Avtomot.    Engng.    (Dec.    1918)    S»  464-& 

4200  w.    From  A.  I.  M.  £.  B«IL  Itt. 
FERHO-alloya.     Manufacture     of,     in    deetm 

ftirnace.     E.  S.  BardweQ.  Min,  Jnl  (Dee. 

7,   1918)   133.  708.     600  w.     DiacuMioa  d 
tper  by  R.   M.  Keeney  in  A.   I.  M.  B. 
\uU.  140. 
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BALL  MILL  COSTS 

REDUCED 


PRIMARV 
BREAKER, 


Coarse  Feed 
A  Better  Wdi) 


Fine  Feed 


BALL 
MILL 


IF  YOU  INSTALL 


BALL 
MILL 


Symons  Disc  Crusher 

between  the  primary  breaker  and  your 
ball  mill,  you  will  reduce  the  wear  on 
lining  and  balls  and  increase  capacity 
of  your  mill,  thereby  reducing  the 
cost  per  ton  of  ore  crushed. 

YOU  CANNOT  BREAK  ROCK  ECONOM- 
ICALLY IN  A  GRINDER 


Chalmers  &  Williams,  Inc 

1465  Arnold  Street,  CHICAGO  HEIGHTS.  ILL. 


rPlease  mention  this  bulletin  when  writing  advertisers.] 
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OIL,  Sources  of  American  new,  auppliea.  F.  J. 
Fobs.  Petr.  Ret.  (Nov.  9,  191 6)  S9,  30a-l. 
IGOO  w.    Serial. 

PERSIAN  oil  fields.  Geolo«r  of.  H.  G.  Busk 
and  H.  T.  Mayo,  Petr.  Rev.  (Nov.  2,  1918) 
S9, 287-8.  20O0  w. ;  (Nov.  9. 1918)  S9,  307-8. 
1500  w.  Conclusion.  Min.  Mag.  (Nov., 
1918)  19,  272-4.     900  w. 

PETROLEUM.  Advent  of.  M.  Samuel.  Petr. 
Rev.  (Dec.  7,  1918)  89.  371-2.     1300  w. 

PETROLEUM  Council,  Works  of  Inter-Allied. 
Petr.  Rev.  (Nov.  30,  1918)  S9,  349-50.  700 
w. 

PETROLEUM  in  England/  Petr.  Rev.  (Nov.  D, 
1918)  89,  297-8.     2000  w. 

PETROLEUM,  Passing  of.  Engng.  (Dec.  6, 
1918)  108,  633-A.     4000  w. 

PETROLEUM  products  and  the  war.  M. 
Berenger,  Petr.  Rev.  (Nov.  30,  1918)  St, 
345-6.     1800  w. 

PETROLEUM  products  won  the  war.  Petr. 
Rev.  (Nov.  30,  1918)  St,  347.     1000  w. 

PETROLEUM  products,  Standardisation  of. 
Petr.  Rev.  (Nov.  30,  1918)  St,  351-2.  1800 
w. 

PETROLEUM  refining  method.  R.  Cross, 
Canad.  Pat.  186566.  Off.  Rec.  (Sopt.,  1918) 
46.  2617.     500  w. 

PETROLEUM  residues,  increasing  importance. 
Les  r^idus  de  p6trole  ont  dee  applications 
de  plus  en  plus  importantes.  JrU.  Pitrole 
(Sept..  1918)  18,  1-2.     1000  w. 

PETROLEUM  under  the  microscope.  J.  Scott. 
Petr.  Wld.  (Nov..  1918)  11,  466-7.     1200  w, 

PROCESSES  and  products  of  the  Utah  OU 
Refining  Co.  D.  W.  Cummings,  Salt 
Lake  Min.  Rev.  (Nov.  30,  1918)  SO,  19-21. 
2100  w. 

RECOVERY  of  gasoline  from  natural  gas.  W. 
P.  Dykema,  Petr.  Rev.  (Nov.  30.  1918) 
St,  353-4.     2000  w.     Serial. 

RESOURCES  of  southwestern  Persia,  the  richest 
oil  field  in  the  world.  A.  Heinicke.  Die 
Bodensoh&tse  SQdwest-Persiens,  des  rieh- 
sten  ErdfilgebieU  der  Welt.  Prometheus 
(July  27,  1918)  St,  383-5.  1600  w,;  (Aug. 
3.  1918)  St,  391-3.     1200  w. 

SHALE  oilplant  on  new  system.  G.  W.  Wallace* 
Petr.  Wld.  (Nov.,  1918)  18,  462-4.  2500  w- 
Serial. 

WYOMING  oil  situation.  Edit,  Min.  Cong. 
Jnl.  (Dec..  1918)  4.     1500  w. 

METALLURGY  OF  IRON  AND  STEEL . 

(See  also  Ore-dressing  and  Preparation  of  Coal, 
Coal  and  Coke.  Metallurgy  of  Non-ferrous 

Metals)^       ,^ 

ALLOY-steels  in  use  on  Pacific  Coast,  Special. 
H.  G.  Bain,  Metal  Tr.  (Dec,  1918)  t,  602. 
800  w. 

ANNEALING  furnace,  Continuous  type.  P. 
d'  H.  Dressier,  Iron  Tr.  Rev.  (Dec.  19. 
1918)  6S,  1416-7.  1100  w.  Discussion  of 
Experiments  in  Annealing  Malleable  Iron; 
read  at  Am.  Foundrymen's  Ass..  Oct.  7. 
1918. 

ARC  weld,  MeUllurgy  of.  W.  E.  Ruder, 
Oen.  Elect.  Rev.  (Dec.  1918)  SI,  941-6. 
2600  w. 

ARC  welding  development.  Features  of.  O.  A. 
Kenyon,  Elect.  Rev.  (Deo.  21,  1918)  7S, 
963-5.     2200  w.  .      <r     /        . 

ARC  welding  in  ship  yards.  W.  L.  Roberts, 
Oen.  Elect.  Rev.  (Dec..  1918)  SI,  860-4. 
1500  w. 
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BALL  and  scleroscope  hardness.  Data  on.  A  F. 
Shore,  Am.  Drop  Forger  (Nov..  1918)  4, 
453-7.  2600  w.  Paper  presented  before 
Iron  and  Steel  Inst. 

BASIC  steel.  Formula  for  strength  of.  A.  Me 
WUliam,  Iron  Age  (Dec.  19.  1918)  VKL 
1508-1 1.  2200  w.  From  a  paper  presenled 
before  Iron  and  Steel  Inst..  Sept.  13.  1918. 

BASIC  steel.  Influence  of  some  elements  on 
tenacity  of.  A.  McWilliam.  Iron  <ft  Cm/ 
Tr.  Rev.  (Sept.  13,  1918)  117,  290-1.  900  v. 
Abs. 

BLAST  furnace  as  a  gas  producer.  Iron  ±  M 
Tr.  Rev.  (Deo.  6. 1918)  97, 641.     600  w. 

BLAST  furnace  slag  as  an  aggregate  for  coDcrete 

ships.     C.  G.  Myers.  Bngr.  [Lond.!  (Not.  22. 

1918)  ISi,  443.    800  w.     From  Iron  Agt. 
BLAST  furnace  slag  in  concrete  and  reinforoeil 

concrete.     J.    E.    Stead,   Iron   A  Cool  Tr. 

Rev.    (Sept.    29.    1918)    609-11.    4500  v.; 

(Nov.  22,  1918)  97,  575-7.     3400  w.    teiil 

Read    before    Cleveland    Inst,    ol  Eosn-i 

Nov.  18,  1918. 

BLAST  furnace,  Treatment  of  Siecerland  csrboD- 
ates.  M.  Desmarets,  Etude  sur  le  trail»- 
ment  au  haut-fourneau  des  earbositei 
grilles  du  SiegerUnd.  Rev.  de  MdtaSi 
(Sept..  Oct..  1918)  U,  310-2.  1300  v. 
Abs.  of  paper  by  R.  Cordes,  Stakl  nd 
Eieen,  87,  1917. 

"BURNT"  tool  steel:  A  minute  defect  and  its 
cause.  J.  Scott,  Meek.  Wld.  (Nor.  1, 
1918)  84,  207.     1100  w. 

CARBON  in  cast  iron.  F.  H.  Kngdoo,  im 
Age  (Dec.  12,  1918)  lOS,  1439.     600  w. 

CASE  HARDENING,  Process  of.  E.  Standifoti. 
Mech.  Wld.  (Nov.  1.  1918)  64,  211-2. 
1500  w.     From  Am.  Mach. 

CASE  HARDENING  nickel  steels.  Prae.  Engr. 
(Nov.  7,  1918)  §8,  224-5.  1600  w.  Ftob 
Chem.  A  Met.  Engng.  v.  19,  No.  1. 

CAST  iron.  Melting  in  cmciblcA.  Modd  Engr. 
(Nov.  28,  1918)  89,  295.      600  w. 

CAST  iron.  Mixing  and  melting.    J.  F.  MiiBao. 

Canad.   Poundryman    (Dec..    1918)  9,  304. 

1200  w. 
CAST  iron,  wearing  and  anti-frictional  qualitiei 

of.     J.  E.  Hurst,  Iron  A  Coal  Tr.  Ret.  (Not. 

15,  1918)  97,  546.     1600  w.     Abs.  of  Pretiiai- 

nary  note  to  a  Carnegie  Scholarship  Menoff. 

CAST  steel  chain.  Testa  prove  merit  of.  W.  L 
Merrill,  Iron  Tr.  Rev.  (Dec.  26.  1918>  iS. 
1464-5.  1200  w.  From  paper  pnsentcd 
before  Am.  Soc.  for  Testing  Matensh,  Aha 

CASTING   metals.     F.  W.   Stokes.    Brit.   Pst. 

119660.     lU.  Off.  Jnl.  (Dec.  4,  1918)  2789. 

100  w.;  Brit.  Pat.  119644.     (Dee.  4. 191£^ 

2819.     100  w. 
CASTING   steel.     Timee    Engng.    Sup.  (Nov., 

1918)  247.     1600  w. 
CASTINGS.  Economical  production  of.    Cenad. 

Mfr.  (Dec,  1918)  88,  30.     500  w.    Froa  a 

gaper  read  before  Am.  Foundrymen's  Ass., 
»ct.  9,  1918. 
CASTINGS,  Deformation  of.     T.  Brown,  Meek. 

Wld.    (Nov.    22.    1918)    64,   248.    1200  w. 

Serial. 
CENTRIFUGAL  casting  mashine.    E.8.ftuiK 

U.  S.  Pat.  1283139.     Off.  Gom.  (Oct.  29. 1«1S) 

S6B,  952.     400  w. 
CHILLED  iron.  Bearing  power  of.    F.  E.  Tisl, 

Ry.  Locomot.  Engng.  (Dec..  1918)  SI.  389-1- 

1500  w. 
CHILLING  and  case  hardening.    En^A  Jf«^ 

(Nov.    15,   1918)  106,  193.    800  w.    Floa 

Preic.    Engr. 
COKE  factors  affecting  furnace  operatioa.   G- 

D.    Cochrane,    Blast    Fur.    A    Sttel  Pk^ 

(Dec.  1918)  4,  502  et  aaq.    1800  w.    Piptf 

read  before  Iron  and  8tc«l  Inst. 
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you  first  cushion  *'-°"  •*"*'•  •""*'"' 


Would  jrou  break  the  (ores  of  your  ilcdge  by 
iptuhing  it  to  the  bottom  of  a  pool  A  foot  or 
two  m  depths 

No.  roo  voald  not.  You  wouM  loivt  thaw 
Eocki  eipoKd  to  the  fuU  strencth  of  your  good 

Now  taire  ot«,  put  it  in  a  mill  aod  hammer  it 
■  "i  steel  balU.    Why  ihould  y< 


In  aearly  all  typa  of  mllli  you  mmt  drowo 
tb«  on  in  ordv  to  ovbtBok  ths  finea. 
"it  ««  fai  th*  UARCY  BALL  HILL.    It 


[Pleaie  miDtion  thia  B 


whcn^writina  ■dT*rtis«n.l 


THE  MINING  AND  METALLURGICAL  INDEX 


FERROMANOANESE  industry,  Development 
of.  T.  Swann,  Iron  Tr.  Ret.  (Dec.  12. 
1918)  M.  1345-6.  1000  w.  From  a  paper 
preaented  before  National  Exposition  of 
Chem.  Ind.,  N.  Y.,  Sept.  23.  1918. 

FERROMANGANESE,  Siae  vs.  recoveries  in 
furnaces.  E.  S.  Bard  well.  Chem.  A  Met. 
Engng.  (Dec.  1.  1918)  19.  749.  1000  w. 
Discussion  of  oaper  by  RoSert  M.  Keeney, 
A.  I.  M.  E.  BuU.  140. 

FERRO-SILICON  furnace.  Record  of  an  old. 

I.  Peterman,  Bloat  Fur.  A  SUtl  Plant 
(Deo.,  1918)  4,  492-3.     800  w. 

FERROSILICON,    Process   of   making.   O.   C. 
Furness,    U.     S.     Pat.     1284645.    Off.  Gaz. 
(Nov.  12.  1918)  Sli,  341-2.     100  w. 

FERRO-TUNGSTEN.  Electric  furnace  data 
for.  R.  M.  Keeney,  Bloat  Pur.  A  Steel 
Plant  (Dec.  1918)  4,  486-7.  1500  v(. 
From  A.  I.  M.  E.  BuU.  140. 

FLOW  of  metal.  Engliah  Meeh.  (Nov.  8.  1918) 
108,  181.  700  w.  From  Ry.  A  Locotnot, 
Engng. 

FORD'S  iron  and  steel  plant  takes  shape.  Ir<m, 
Tr.  Rev.  (Deo.  12,  1918)  U,   1352-3.    800  w. 

FORGE  shops.  General  arrangements  which  can 
be  recommended  for  installation  of.  Dis- 
positions g6n6rales  dans  les  installations  de 
forges.     O.  Duperon,     Oinie  Civil  (Nov.  16, 

1918)  78,  387-9.     1600  w. 

FOUNDRIES  found  ready.  Urgent  shell  need. 
Foundry  (Dec.  1918)  46,  581-7.  4500  w. 
Iron  Tr.  Rev.  (Nov.  28,  1918)  U,  1229-36. 
4500  w. 

FOUNDRY  dust.  Removing  by  electric  precipi- 
tation.    H.     D.     Egbert,     Foundry      (Jan. 

1919)  47,  43  et  seq.  2800  w.  From  a  paper 
presented  at  the  annual  meeting  of  Am. 
Foundrymen's  Assn.,  1918. 

FRANCE.  Future  of,  as  an  iron  and  steel  produc- 
ing country.  Iron  A  Coal  Tr.  Rev.  (Dec  6, 
1918)  97,  1200  w. 

FRANCE'S  iron  and  steel  industry.  Engng.  A 
Min.  Jnl.  (Nov.  30,  1918)  106,  966.     700  w. 

FURNACE  for  annealing  metal.  Electric  Fur- 
nace Company.  Canad.  Pat.  186730.  Off. 
Rec.  (Sept.,  1918)  46,  2690.     1000  w. 

FURNACES.  H.  J.  Yates.  Brit.  Pat.  119817. 
III.  Off.  Jnl.  (Dec.  11,  1918)  2883.     200  w. 

FUSION    welding    fallacies,    Machy.    [London] > 

II.  (Nov.    21.    1918)    IS,   211-3.     1500    w- 

III.  (Dec  5,  1918)  IS,  257-8.  1400  w- 
Serial. 

GASES  in  metals.  Titnea  Engng.  Sup.  (Nov., 
1918)  S4S,  1100  w. 

GASES  occluded  in  steel.  T.  Baker,  Engng. 
(Nov.  15,  1918)  106,  572.  800  w.  Read 
at  Faraday  Soc,  Nov.  12,  1918. 

GATING  and  pouring  of  moulds.     H.   E.  Mc- 
Intyre,    Canad.   Foundryman    (Dec,    1918) 
9,  294-5.     700  w. 

GERMAN  steel  trade  plans.  Iron  Tr.  Rev. 
(Dec  12.  1918)  OS,  1354-5.     1000  w. 

GRAIN  growth  in  metals.  Zay  JefTries,  Prac' 
En(ir.  (Oct.  10,  1918)  08,  174-5.  2200  w- 
Serial.  Abs.  of  paper  read  before  Inst,  of 
Metals. 

GRINDING  of  hardened  work.  C.  H.  Norton, 
Proe.  Steel  Treat.  Res.  Soc.  1,  No.  11,  16-7. 
1900  w. 

HARDENING     and     distortion.     H.     Ensaw, 
Mech.  Wld.  (Nov.  8.  1918)  04,  218-9.     100  w. 

HARDNESS,    Device  for  testing,   of   materials 
commercially.     J.    Q.    Ayers,     Machy.     [N. 
Y).  (Dec.  1918J  SO,  292.     600  w.     Abe.  of 
Daper  presented  before  Am.  Soc.  for  Test. 
Mat.,  June,  1918. 
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HARDNESS  testing.  Discussion  of  three  papen 
before  the  Instn.  of  Mech.  Engn.,  Enp 
fLond.]  (Oct.  25,  1918)  ISO,  354-5.  2000 
w.;  (Nov.  22.  1918)  ISO,  435.  1100  w.; 
Engng.  (Nov.  22. 1918)  100,  588-91.    5000  v. 

HARDNESS  testing.  Report  on:  Relation  be- 
tween ball  hardness  and  scleroscope  bardaeH. 
A.  F.  Shore,  Fdy.  Tr.  Jnl.  (Nov.,  1918) 
SO,  589-93.  3400  w.  Abs.  of  paper  rod 
before  Iron  and  Steel  Inst. 

HARDNESS,  Value  of  indentotion  method  in 
determination  of  hardness.  R.  G.  C.  Bat- 
son.  Jnl.  Instn;  Mech.  Engrs.  (Oct,  1918) 
463-83.     20    p. 

HAZARDS  reduced  in  steel  industry.  Im 
Tr.  Rev.  (Dec  12,  1918)  OS,  1341-5.    3300  v. 

HEAT  insulation  in  furnaces.  Value  of .  A.  W. 
Knight,  Am.  Drop  Forger  (Nov.,  1918)  4, 
451-3.     2400    w 

HEAT  treat  furnaces.  Equipment  data  on.  in. 
Drop  Forger  (Nov..  1918)  437-9.    1300  w. 

HEAT  treating  and  similar  work.  Applications  d 
surface  combustion  process  to.  J.N.  Bart- 
lett.  Proe.  Steel  Treat.  Res.  Soc.  1,  Xo. 
11,  ia-20.     1300  w. 

HEAT  treatment  and  hardening  and  temperioe 
of  steel.  C.  A.  Edwards,  Canad.  Powuht 
man  (Nov.,  1918)  9,  281-5.    4000  w. 

HEAT  treatment  of  high-speed  steel.  J.  F. 
Springer.  Mech.  Wld.  (Nov.  8.  1918)  <i 
21»-20.     1200    w.     From    The   Blachmiik. 

HEATER  for  castings.  R.  W.  Wiederwax  aad 
C.  Gcist.  Canad.  Pat.  186307.  Off.  R*c. 
(Aug.,  1918)  40,  2495.     400  w. 

HEATING  furnaces.  Oil  fuel.  Timea  Engng. 
Sup.  (Nov..  1918)  S40,  500  w. 

HETEROGENEITY  of  steel.     H.  Le  Cbatelisr 

and   B.    Bogitch.     Sur  Th^t^rog^n^it^  ^de  I' 

acier.     Compt.  Rendua  Acad.  d.  Sci.  (S4^pi 

30,    1918)    107,  472-7.     1200   w.     Bee  abo 

Q^nie  Civii,  Nov.  2.  1018. 

HIGH  explosive  shells  and  detonators,  Mamilae* 
ture  of.  from  metallurgist's  view  point. 
C.  B.  Swander.  Proe.  Steel  Treat  R««. 
Soc  1,  No.  11,  10-1.     4000  w. 

HIGH  speed  steel,  A  new  air-hardening.  .4m. 
Drop  Forger  (Nov.,  1918)  435-6.     lOSO  w. 

HIGH  speed  steel  for  milting  cutters,  tape  sad 
reamers.  Engliah  Meeh.  (Nov.  15,-191B) 
108,  193.     300  w.     From  Maehy. 

HIGH  speed  steel  tool,  Evolution  of  a.  T.  L. 
Thorne,  Proe.  Steel  Treat.  Res.  Soc.  1, 
No.  11,  33-43.     10  p. 

HIGH  temperature  melting  furnace.  W.  J. 
May.  Engliah  Meeh.  (Nov.  22,  191$) 
108,  201-3.     2500  w. 

ILLINOIS  foundry.  Unique  features  of.  C. 
Lundberg,  Iron  Age  (Dec.  26,  1918)  101, 
1563-9.     6  p. 

INSTRUMENTS,  Heat-measuring.  C.  E.Ciew- 
eU,  Am.  Mach.  (Dec.  5.  1918)  49,  1021-5- 
700  w. 

IRON  and  steel.  Metallurgy  and  history  of. 
R.  F.  Windoes.  AHiaan  (Nov..  1918}  7. 
149-53.     2700  w. 

IRON  and  steel  plants.  Pre-war  Russian.  Iran 
Age  (Dec  19.  1018)  lOS,  1501-6.     3000  « 

IRON  and  steel  regeneration  of  France.  K<&t. 
Engr.  [Lond.j  (Nov.  1.  1918)  ISO,  37&-6. 
1000  w. 

IRON  castings.  Correcting  distorted.  F.  K. 
Parsons,  Meeh.  Wld.  (Nov.  IS,  1918)  04, 
235.     900    w. 

IRON,  Experiences  of  an.  atom.  C.  R.  Sturt- 
devant,  Indian  Engng.  (Sept.  28,  1918)  H 
191-2.     1000     w.     Serial. 
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TRAYLOR  EQUIPMENT 

FOR 

MINE,  MILL  AND  SMELTER 


JAW  CRUSHERS  for  every  purpose  all  fitted 
with  cast  steel  water-cooled  pitman,  water- 
cooled  main  pitman  shaft  bearings  and  built  in 
feizes  from  7"  z  10"  Jaw  opening,  up  to  and  in- 
cluding the  Giant  66"  z  86"  crusher  weighing 
680,000  pounds,  the  largest  Crusher  in  the 
world.    Bulletin  J-i. 

CRUSHING  ROLLS  with  the  "Fleeting  RoU" 
the  only  Crushing  Rolls  built  which  have  an 
automatic  device  for  shifting  the  position  of 
the.fized  roll  in  a  lateral  direction.  Corrugat- 
ing and  Flanging  of  the  Roll  shell  eliminated, 
thus  assuring  a  greater  tonnage  per  set  of  shells, 
also  a  greater  tonnage  of  finished  product  per 
horse  power  consumed.  Built  in  sizes  from 
1 8"  z  10"  to  70"  z  30"  inclusive.    Bulletin  R-i . 

SMELTING  FURNACE  for  Copper  or  Lead 
Smelting  equipped  with  Traylor  Patented 
Water  Jackets,  having  the  tuy^e  an  integral 
part  of  the  fire  sheet  which  is  free  from  all  pro- 
jections, also,  Traylor  quick  detachable  tuyere 
connection  and  many  other  features  which  have 
made  Traylor  Smelting  Furnaces  World  Stand- 
ard, as  evidenced  by  over  90%  of  all  new 
smelting  equipment  purchased  during  the  past 
fiscal  year  being  made  by  us.    Bulletin  SF-z. 


COPPER  CONVERTERS  so  designed  that 
any  tuy^e  can  be  removed  without  interfering 
with  the  others.  Tuy^e  Bozes  that  can  be 
detached  without  dbturbing  the  tuyere  pipes 
because  of  the  Williams  connections.  Shelby 
improved  Tuyere  valve,  universal  air  connec- 
tion, all  features  that  make  for  efficiency  and 
ease  in  operation.    Bulletin  C-i. 


Traylor  Engineering  &h  Mfg.  Co. 


Main  OiEce  and  Works: 


AUcntown,  Pa.,  U.  S.  A. 


NEW  YORK 


CHICAGO 


iXyS  ANGELES 


SPOKANE 


IPtomt  mnkH^m  UOf  ivu^npr  vMa  wiitiaf  id^wtiHif  •! 
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IRON  industry.  Economic  factors  in.  M.  Keir. 
Factores  ecoc6mioos  en  U  industris  del 
hierro.  Bol.  Soe.  Nao.  Min.  (Sept.  1, 
1918)  S4,  265-8.     1000  w. 

IRON  works,  Arrangements  recommended  in  the 
installation  of.  Dispositions  g6n6rales  dans 
les  installations  de  forges.  O.  Dupperon, 
Oinie  Civil  (Nov.  23,  1918)  7S,  404-7.  2800 
w. 

JOINING  of  metals,  A  study  of.  J.  A.  CJlapp, 
Gen.  BUei.  Ret.  (Dec,  1018)  SI,  047-67. 
11  p. 

LUDWIK  hardness  test.  W.  C.  Unwin.  Jnl. 
Instn.  Mech.  Engrs.  (Oct.,  1918)  485-92.   7  p. 

MACROQRAPHIC  examination  of  alloys. 
L'ezamen  maerographique  des  alliages. 
MHaux.  AUiaqea  A  Maehinee  (Oct.,  1918) 
No.  10,  1-4.     3000  w. 

MALLEABLE  cast  iron.  Research  In.  Metal 
Ind.  (Nov.  22,  1918)  IM,  358-9.     1400  w. 

MALLEABLE  iron  in  eiigineering  construction. 
H.  A.  Sohwarts,  Foundry  (Jan.,  1919) 
47,  19-24.  6  p.  From  a  paper  presented 
before  Am.  Foundry  men's  Assn.,' 1918. 

MALLEABLE  iron  castings,  Snagging  of.     W. 
T.  Montague,  Canad.  Foundryman  (Dec, 
1918)  9,  310-11.     2000  w. 

MALLEABLE  iron  castings  for  agricultural 
purposes.  Canad.  Mfr.  (Dec,  *  1918)  88, 
26.  8(X)  w.  From  a  paper  by  P.  A.  Paul- 
son, read  at  the  Am.  Foundrymen's 
Convention,  Oct.  7,  1918. 

MALLEABLE  iron.  Experiments  in  annealing. 
H.  E.  Diller,  Foundry  (Dec.  1918)  46, 
564-6.  2000  w.  Paper  presented  at  the  Am. 
Foundrymen's  Assn.,  Oct..  7,  1918. 

MALLEABLE  iron.  Tests  in  annealing.  H.  E. 
DUler.,  Iron  Tr.  Rev.  (Dec  18.  1918)  '6S, 
1414-6.  2600  w.  Paper  presented  at  the 
annual  meeting  of  the  Am.  Foundrymen's 
Assn.,  Oct.  7,  1918. 

MANGANESE-alloy  furnaces.  Iron  Age  (Dec 
26,  1918)  101,  1607.  900  w<  From  War 
Minerals  Investigation  Series  No.  4,  by 
P.  H.  Royster.  issued  by  the  Bur.  of  Mines. 

MANGANESE.  American,  devdopment.  Iron 
Age  (Dec  26, 1918)  101, 1594.     600  w. 

MANGANESE  and  coke.  How  to  save.    Iron 
Tr.  Rev.  (Dec  12, 1918)  6S,  1347-8.     1200  w. 

MECHANICAL  properties  of  materials,  Experi- 
mental study  of.  W.  C.  Unwin,  Jnl. 
Instn.  Mech.  Engrs.  (Oct.,  1918)  405-39. 
34  p. 

METAL  casting  apparatus.  F.  Schroder,  U.  S. 
Pat.  1282963.  Off.  Gas.  (Oct.  29,  1918) 
166,  905.     400  w. 

METAL  casting  method.  L.  Lorentowres, 
Canad.  Pat.  185941.  Off.  Rec.  (Aug..  1918) 
46,  2310.     100  w. 

METAL  rolling.  Mech.  Wld.  (Dec  13,  1918) 
64,  285-6.     900  w.     Serial. 

METAL  rolling:  Operation  of  rolling.  F. 
Johnson,  Metal  Ind.  [Lond.]  (Nov.  1, 
1918)  IS,  302-6.     3500  w. 

METALS,  Wear  of.  Sngng.  (Nov.  29,  1918) 
106,  625.     2800  w. 

METALLIC  electrode  arc  welds,  Inspection  of. 
O.  S.  Eschola,  Metal  Rec.  (Nov:,  1918)  4, 
367-9.  2100  w.;  Am,  Drop  Forger  (Nov., 
1918)  448-50.  1600  w.:  Iron  Age  (Dec  5, 
1918),  101, 1390-1.  1200  w.;  Bngng.  &  Min. 
Jnl.  (Dec  21,  1918)  106,  1081-3.     1600  w. 

MID  VALE  steel  furnaces.  Proc.  Steel  Treat.' 
Res.  Soc.  1,  No.  11,  24-5.    400  w. 

NEW  foundry  at  Esslinger.  La  nouvelle  fon- 
derie  des  ateliers  de  construction  d'Esslingen. 
Rfv.  de  MetaU.  (Sept..  Oct.,  1918)  16, 
349-58.^9  p. j^ From  St<ihl  und  Eiaen. 
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NITER  cake  substitute  for  ptekling  steeL   £. 

E.  Corbett,     BUut    Fur.     ASted   Plant 
(Dec.1918)  4, 497-601.-   4300  w. 

NITER  cake  for  pickling  metaL  G.  P.  Butler, 
Metal  Ind.  [LondT<Nov.  8,  1918)  U,  318. 
500  w. 

NOMENCLATURE  for  electric  welding.  E.  G. 
Knox,  Engng.  (Nov.  8,  1918)  106,  522-6. 
2700  w.  Paper  read  before  the  Eocn. 
Club  of  Philadelphia,  June  26.  1918. 

OCCLUSION     o?     gases     by     metab.    Enw^ 

(Nov.     15,     1918)     106,     562-1.    4O00  v.; 

(Nov.    22,'  1918)     106,     683-5.    2OO0   w. 

Conclusion:! Iron  <t  Coal  Tr.  Rev.  (Nov.  15. 

1918)    97,    544.     1800    w.     Discussions  by 

C.  Jones  and  T.  Baker  before  Faraday  Soc- 

Bngr.  [Lond.]  (Nov.  22, 1918)  116, 444.    1200 

w.     Discussion. 
OIL  burning  cupola  operations  analysed.    J.  H. 

HallTFimndrv  (Dec.  1918)46,558.    1200  w. 

Prom  a  paper  presented  at  the  Am.  Foondrr 

men's  Assn.,  Oct.  7,  1918. 
OIL   treatment   plants   used   in  hardening  anl 

tempering  steel   and    alloys.    JPnie.    E»gr. 

(Nov.  14.  1918)  tt,  235-6.     500  w. 
OPEN-hearth    furnace    design,     PrincipleB   of. 

C.   H.   F.   Bagley,    Iron   db   Coal  Tr.  Rn. 

(Sept.  13,  1918)  117,  292-4.     2800  w.    Aba. 

Prac.    Engr.    (Nov.    14.    1918)    66,   232-4. 

2300  w.;  Slael  Fur.  A  Steel  Plant  (Dec,  191S} 

4,  505-7.    2400  w.  Paper  read  before  Iron 

and  Steel  Inst. 
OPEN-hearth  furnace.  Small.     Iron  Age  (Dec  12, 

1918)  101,  1458.     500  w. 
OXY-ACETYLENE  pipe  welding  and  eattisf. 

Oae  Age  (Dec  2,  1918)  41,  471-4.    3200 «.: 

(Dec.  16,  1918)  41,  511^-6.     1100  w.    SerisL 
PICKLING     baths.     Chemistry     of.    AuCmwL 

Ind.  (Dec  5,  1918)  SI,  960-1.     1600  w. 
PICKLING  with  niter  cake.     AutomeL  Indnd. 

(Dec  26,-1918)  t9,'ll0^-^.     1400  w. 
PIT   moulding   an  intricate,  condenser  casting- 

FouruinfTbec.,  1918)  46,  553-7.     1600  v. 
POTASH,    British    fertiliser    notes.    Am.  Fer- 

ta%Mer  (Dec.  21,  1918)  41,  76-82.     1700  w. 
POTASH  i>roduotion  from  blast  furnaces  imnar- 

tant  aid  to  American  farmer.    L.  Brsnuev, 

Mfre.  Rec.  (Deo.  12,  1918)  74,  57.    700  w 
RAIL  fissures,  Reheating  as  cnre  f otr.    G.  F.  Cols' 

stock,     Iron  Tr.  Rev.   (Dec  26,  1918)  O* 

1457-62.    3400  w.    Ftom  A.  I.  M.  £.  B«U. 

143. 

RESISTANCE  to  penetration  of  metab*  A  bv 

governing.     C.    A.    Edwards,    Atito   ITair. 

(Nov.,  1918)  8,  320-7.     7  p. 
ROLLING    miU.    J.    R.    George,    U.    a  Pat 

1283727.     Off.   Oaz.    (Nov.    5.    1918)  SN^ 

75-6.     300  w. 
ROLLING  mills.  Caloulatfon  of  energy  reqniredL 

F.  Holmgren,  0mbest6nming  och  fSrnl- 
ber&kning  av  energi&tg6ngen  vid  vsbvfffc. 
JemrKont.  Ann.  Bthang  (Oct.  15.  1018)  V^ 
489-515.     136  p. 

ROLLING    of   metals.     Metal   Ind.    (Nov.  22. 

1918)     IS,     353-5.     3000     w.     Diseiwioa. 
ROTARY  casting  machine.     K.  Gerhard,    Ness 

Masselgieasmachine.    Prometheue    (May  4. 

1918)  11,  287-«.     900  w. 

SHELLS,  Manufacture  of  semi-«tael.  Item  Agt 
(Nov.  28,  1918)  101,  1317-21.     1500  w. 

SILICA  products.  Study  of.  A.  Bigot,  JrsR  4 
Coal  Tr.  Rev.  (Nov.  8. 1918)  17,  521-2.  2300 
w.  Abs.  of  papn*  read  before  Rcfraetcnsi 
section  of  the  Ceramic  Soc  of   Swasaea. , 

SILICON.  Influence  of.  and  of  length  of  eenwa- 
tation  on  meohanical  proportiee  of  ""t^^t^M* 
oast  iron.  M.  Desmarets.  De  llnflneDes 
du  siliMum  et  de  la  dur4e  de  la  cteientatum 
sur  les  propri^tte  physico-m^caniqnes  de  b 
f onte  malleable.  Rev.  de  MetaU  (Sept..  Oct, 
1918)  16,  294-303.  9  p.  From  a  paper  by 
E.  Leuenberger  in  StaJu  und  Bieen. 
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Silvcr.Uad,  Copper  and  Pyritic  Smelting  Works,  Sampling  Workf,  Copper  BesMmeriz. 
ing  Plants,  Rock  Crushing  Plants,  Stamp  Mills,  Chlorinatibn  Mills,  Cyanldf  Mills,  Cement 
Mills,  Timber  CraosoUiig  PUnto,  Mine  Equipment,  Ore  Drying  Machinery,  Power  Trans, 
minion  IMachlnery.  Apparatus  for  Pulverizing  and  Burning  Coal  for  Industrial  Purposes. 
Woodbury  System  of  Concentration,  Pachuca  Parral  and  Cyanide  Tanks,  Loomls-Petti. 
bone  Gas  Generators,  Suction  Gas  PUnts  and  Oil  Engines. 

Writ«  for  CatelogB  Upon  the  Above  Subjects. 


SUPERIOR  McCULLY  GYRATORY  CRUSHERS 

OUR  NEW  DESIGN  (Patented) 

The  Last  Word  in  Gyratory  Crusher  Constiuc- 
tion,  Life  of  "Eccentric  and  Gears"  Lengthened 
"200%,"  Because  All  "Dust  and  Grit"  is  Absolute- 
ly Excluded  and  "Cut  Gears"  run  "Quietly  in  OU," 
Main  Shaft  60%  Stronger  than  any  G3rratory  of 
Corresponding  Opening:  Area  of  Eccentric,  zoo% 
Greater  than  any  Machine  of  Equal  Size. 

Capacities — ^30  to  1000  tons  per  hour,  built  in 
sizes  from  10''  to  54"  opening.  Ask  for  Bulletin 
of  this  new  machine. 

SUPERIOR  JAW  CRUSHERS 

We  were  the  Pioneer  Builders  of  Large  Jaw 
Crushers — Have  More  Large  Machines  in  Opera- 
tion than  all  other  Manufacturers  Combined-rRe- 
peat  Orders  for  84"z6o"  Machines  from  Chile 
Copper  Co.;  Chino  Copper  Co.;  Hardaway  Co.; 
Luossavaara  Kurunavaara  Aktiebolag.  Built  in 
sizes  from  36"  x  24"  to  84"  x  66".  Capacities — 70 
to  ^00  ton  per  hour.    Ask  for  Bulletin  No.  44. 

COPPER  CONVERTERS  GT.  FALLS  TYPE 

Manufactured  in  two  distinct  designs,  known  as 
the  Cananea  or  Copper  Queen  type,  and  the  Ana- 
conda type.  Both  designs  furnished  witli  side  or 
vertical  blow  tops,  of  any  desired  diameter  opening. 
Number  of  tuyeres  may  range  from  20  to  38,  as 
desired .  Blast  connection  may  be  placed  on  either 
side  of  converter. 

GARFIELD  CRUSHING  ROLLS 

Manufactured  in  a  wide  range  of  sizes,  to  meet 
the  requirements  of  discriminating 
engineers,  who  demand  an  exception- 
ally efficient  and  worthy  design.  Most 
sizes  of  Garfield  Rolls  so  constructed 
as  to  permit  the  use  of  oversize  roll 
shells.  A  wide  range  of  standard  de- 
signs, and  also  several  special  types  equipped  withheavy,  fly-wheel  type  pulleys. 


WORTHINGTON  PUMP  AND  MACHINERY  CORPORATION 

115  Broadway,    •    New  York 

<        -  •  •  ■ 

Power  and  Mining  Machinery  Works,  Cudahy,  Wis.     '     - 

ll4S9.t 
(FlesM  mention  this  BULLsnif  when  writing  Mlvertlsen.]  (25) 
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SLAQ  temperature  influence  on  refractories. 
R.  M.  Howe.  Bloat  Fumaet  A  SUd  Plant 
(Deo..  1018)  4,  484-5.     1500  w. 

SOUND  eted  by  oompreaaion.  Iron  Age 
(Deo.  5,  1918)  lOt,  1406.     500  w. 

SOUND  steel  by  lateral  compression.  B. 
Talbot,  Sci.  Am,  Sup.  (Dec.  15.  1918)  84, 
380-1.  2000  w.  Abe.  of  paper  read  before 
Iron  and  Steel  Inst. 

SPOT  welding  and  some  of  its  applications  to 
ship  consUuction.  H.  A.  Winne,  Gen.  Sled. 
Rn.  (Deo..  1918)  SI,  923-7.     2900  w. 

SPOT  welding  of  heavy  plates.  Research  in. 
W.  L.  Merrill.  (Ten.  SUel.  Rev,  (Dec..  1918) 
SI,  919-22,     1600  w. 

STANDARDIZATION  of  ship  steel.  Iron  Age 
(Nov.    28.    1918)    lOS,    1363-4.     1500    w. 

STANDARDIZATION  of  testis  for  refractory 
materials.  C.  Jones,  Engng.  (Nov.  8, 
1918)  106,  540-2.  3000  w.:  (Nov.  15. 
1918)  106, 569-72.  8000  w.  Serial.  Paper 
read  before  Iron  and  Steel  Inst. 

STEEL  oasttngs,  Defective.  Proc.  Engr.  (Nov. 
7.  1918)  il;  219-20.     700  w. 

STEEL.  Causes  of  failure  in.  Edit.  Meeh.  Wld. 
(Nov.  15,  1918)  64,  229.     300  w. 

STEEL,  Determination  of  oxygen  in.  Iron  Age 
(Deo.  26.  1918)  lOS,  1573.     700  w. 

STEEL  heat  treating.  S.  J.  Cohen,  Oae  Ind. 
(Dec,  1918)  18,  377-8.     1000  w. 

STEEL,  Influence  of  hot  deformation  on  qualities 
of.  Q.  Gharpy,  Iron  A  Coal  Tr.  Rev. 
(Sept.  13,  1018)  117,  289-90.  1300  w. 
Abs. 

STEEL  making  in  Canada.  Titnee  Engng.  Sup. 
(Nov..  1918)  SU,  1100  w. 

STEEL  manufacture.  Balanced  reactions  in. 
A.  MoCanoe,  Engng.  [Lond.]  (Nov.  22, 
1918)  106,  595-7.  2000  w.  Discussion 
read  at  Faraday  Soc.,  Nov.  12, 1918. 

STEEL,  Manufacture  of,  direct  from  iron  ores. 
L.  T.  Qrouselle.  U.  S.  Pat.  1284094.  Off. 
GoM.  (Nov.  5,  1918)  SM,  173.     100  w. 

STEEL  plant,  Tsrpical  scenes  in  a.  Sci.  Am. 
Sup.  (Dec.  14,  1918)  M,  376-7.     1200  w. 

STEEL  production.    Refractories    used  in.    A* 
Reynolds,  Jnl.  Soc.  Chem.  Ind.  (Nov.  30t 
1918)     ST,    701  A.     900    w.     From    Trana 
Coram.  Soe.,  1917-8. 17,  385-458. 

STEEL  railway  bridges.  General  specifications, 
Tests  of  steel.  Jnl.  Engng.  Inst,  of  Canad. 
(Dec.  1918)  1,  367-98.     31  p. 

STEEL  ship  and  ozy-acetylene  welding.  J.  F. 
Springer.  Afar.-  Engng.  (Dec.  1918)  SS, 
699-701.  3000  w.;  Canad.  Maehy.  (Dec.  19, 
1918)  SO,  701-3.     2900  w. 

STEEL  wire.  F.  Bradenburg,  Vom  Stohldraht. 
Prometheua  (June  1,  1918)  S9,  317-9.  2600 
w.;  (June  8,  1918)  S9,  325-6.     1800  w. 

STELLITE  and  high  speed  steel  compared. 
Iron  Age  (Dec.  26,  1918)  IDS,  1584-6. 
800  w. 

STRESSES,  New  results  on  internal.  M. 
Desmarets,  Nouveauz  rdsultats  sur  les 
efforts  internes  et  les  questions  qui  en  d6- 
rivent.  Rev,  de  Metall.  (Sept.,  Oct.,  1918) 
16,  306-10.  2700  w.  From  a  paper  by 
E.  Heyn  in  Stahl  und  Risen. 

STRUCTURE  of  metals.  Inspecting.  J.  J.  Moln- 
tyre,  Am,  Drop  Forger  (Nov.,  1918)  443-4. 
700  w. 

TIN  PLATE,  Mob  law  in.  world.  Iron  A  Coal  Tr. 
Rev.  (Nov.  8,  1918)  97,  530.     800  w. 

TRANSVERSE  fissures  in  rails.  Investigations 
of.  Ry.  Rev.  (Deo.  14,  1918)  6S,  843-7. 
2600  w.:  (Dec  21,  1918)  6S,  871-5.  3200  w. 
Prom  report  of  W.  P.  Borland,  Chief  of 
Bureau  of  Safety. 
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UTILIZATION  of  waste  heat  from  open-httrtlt 
furnaces  for  generation  of  steam.  T.B. 
Mackensie.  Iron  A  Coal  Tr^  Rev.  (Sept.  IS, 
1918)  117,  286^.     4500  w. 

WARPING  of  sted  through  repeated  queaehinc,    < 
Note   on.     J.    H.    Whiteley.    Iron  ±  Cetl 
Tr.  Rev.  (Sept.  13.  1918)  117,  291.    MO  v. 
Abs. 

WASTE  heat  from  open-hearth  furnaces.  T.  B. 
Mackensie.  Prae.  Engr,  (Nov.  7.  1918) 
•8,  221-2^  1700  w.;  BUut  Fur.  AStadPkat 
(Dec.  1918)  4,  488-^2.  2400  w.;  Serial. 
Paper  read  before  Iron  and  Steel  Inst. 

WELDED  ships.     W.  Shenstrom.  Eleetu.  (Nor. 

8.  1918)  61,  575.     400  w.     Abs.  of  srt.  ia 
Steamehip. 

WELDING.  Adequacy  of.  in  eonstructing  baOs 
of  ships.  H.  M.  Hobart.  Gen.  Bled.  Rn. 
(Dec.  1918)  SI,  840-3.     3200  w. 

WELDING  by  use  of  deotrietty.  Modern.  KUd 
Rev.  (Dee.  21,  1918)  TS,  959-62.    3200  w. 

WELDING  designs  for  shipyard  use.  £.  G 
Rigby.  Mar.  Rev.  (Jan..  1919)  49,  23-9.   7 1^ 

WELDING  of  iron  and  steel.  W.  H.  Cathcvt, 
Iron  Age  (Dec  26.  1918)  lOS,  1578^83.  SOOO 
w.  From  Jnl.  West  of  Scotland  Iron  ssd 
Steel  Inst.,  Apr..  1918. 

WELDING  of  steel.  B.  K.  Smith,  Am.  Jfadk 
(Dec.  5,  1918)  49, 1025-6.    700  w. 

WELDING  question,  A  dissenting  qpimoo  os. 
F.  A.  Anderson,  Ry.  Elect.  Engr.  (Dee.,  191$ 

9,  393-5.     2000  w. 

WROUGHT  iron  castings.  W.  J.  May.  Med. 
Wld.  (Dec  13, 1918)  64,  280.    900  w. 

IftETALLURGY  OF  NON-FERROUS 

METALS 

(See  also  Mineral  Resources.  Qre-dnssing  sad 
Preparation  of  Coal,  Coal  and  Coke,  and 
Metallurgy  of  Iron  and  Steel) 

ADMIRALTY    gun-metal:     Inflnenoe    of   im^ 

Surities  on  mechanical  properties  of.  F. 
ohnson,  Iron  A  Coal  Tr.  Ret.  (Sept.  11. 
1918)  117,  295.  500  w.  Abs.  Prae.  Bwgr. 
(Nov.  21.  1918)  §6,  246-8.    2000  w. 

ALLOYS.  (Zinc,  aluminum,  oopper.)  F.  & 
Hodson,  Brit.  Pat.  119486.  Jfl.  Off.  J^ 
(Nov.  27,  1918)  2763.     100  w. 

ALLOYS,  Relative  corrosion  of.  R  B.  Febr. 
Page^e  Engng.  Wkly.  (Nov.  15,  1918)  tti 
234-6.     2500  w. 

ALLOYS  rich  in  sine  Raoherehes  sur  des  *SBa^ 
riches  en  sine.  L.  Guillet  and  V.  B«-Biri 
Rev.  de  HetaU.  (Sept.,  Oct..  1918)  18,  407- 
25.     18  p. 

ALUMINUM, 'Alloys  of,  with  rare  or  ncflbl 
alloys.  J.  Escard.  Metal  Ind.  (LoadJ 
(Nov.  8,  1918)  IS,  316-8.     1800  w.    Serial 

ALUMINUM  and  copper  alloys.  C.  Vicfcm, 
Machinery  (Nov..  1918)  S6,  201-4.    300D  v. 

ALU  MI  NUM  and  its  Ught  alloys.  P.  D.  Mcika. 
Metal  Ree.  (Oct..  1018)  4,  318-21.  3000  v. 
Serial. 

ALUMINUM-bronse  industry.  W.  M.  Cone, 
Metal  Ind.  (Nov.  29. 1918)  IS,  871-2.  900  w. 

ALUMINUM.  Casting  in.  Camad.  FmimdrymeM 
(Dec.  1918)  9,  300.     800  w. 

ALUMINUM,  Casting  in.  Canad.  Madty.  (Bee 
19,  1918)  SO,  708-9.     700  w. 

ALUMINUM  in  steel.  M.  Desmarets.  L'slmD- 
ine  dans  I'aoier.  Rev.  de  MetalL  (Sept.  OrU 
1918)  16.  292-4.  900  w.  FVom  paper  br 
A.  Stadeler  in  Stahl  und  Eieen. 

ALUMINUM:  Its  use  in  motor  indnstxy  ii 
EngUnd.  E.  C.  Hill.  Metal  Ind.  [N.  T.I 
(Dec.  1918)  16,  543HI.     3000  w.     SerisL 
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Among  some  o(  the  plants  using  our  Pulverized  Coal  Equipment  (or  heating 
Industrial  Furnaces  and  Steam  Boilers  are  the  following: 


American  Iron  &  Steel  Co.,  Open  Hearth,  Puddling  and 

Heating  Fumacea. 
American  Locomotive  Worka,  Steam  Boilera. 
American  Smelting  &  Refining  Co.,  Reverberatory  Fur- 


American  Steel  &  Wire  Co.,  Open  Hearth  Fumacea. 

American  Steel  &  Wire  Co.,  Heating  Fumacea. 

Atchiaon,  Topeka  &  Santa  Fe  R.  R.,  Looomottvea. 

Atlantic  Steel  Company,  Open  Hearth  Fumacea. 

Ash  Grove  Lime  &  Portland  Cement  Co.,  Steam  Boilera. 

Bethlehem  Steel  Co.,  Open  Hearth  Furnaces. 

Choctaw  Portland  Cement  Co.,  Steam  Boilers. 

Inland  Steel  Co.,  Heating  Fumacea. 

Lackawanna  Steel  Co.,  Calcining  and  also  Flue  Dust 
Nodulizing  Kilns. 

M.  K.  &  T.  Railroad,  Steam  Boilers. 

Milwaukee  Electric  Light  &  Power  Co.,  Steam  Boilers. 

Nichols  Copper  Company,  Smelter. 

Pacific  Coast  Coal  Co.,  Steam  Boilers. 

Pittsburgh  Malleable  Iron  Co..  Malleable  Fumacea. 

Sizer    Forge  Company,  Heating  and  Forging  Fumacea 
&  Steam  Boilers. 

Scranton  Bolt  &  Nut  Co.,  Heating  &  Puddling  Fumacea. 

Spanish-American  Iron  Co.,  Ore  Roaating  &  Nodulizing 
Kilna. 

Stone  &  Webster  Co.,  Steam  Boilers.  Union  Carbide  Company,  Lime  Kilns. 

United  Verde  Ext.  Mining  Co.,  Reverberatory  Fumacea  &  Steam  Boilers. 

Practically  all  the  Cement  Plants  in  the  United  States  and  Canada  have 
installations  of  Fuller  Mills. 

Some  of  the  above  plants  are  using  Pulverized  Coal  containing  from  io% 
to  17%  of  ash  for  heating  their  metaUursical  furnaces. 

Fuller  Mills  are  today  pulverizing  over  25,000  tons  of  eoal  par  day  for 
heating  various  types  of  furnaces. 

The  satisfactory  performance  of  our  Pulverized  Coal  Equipment  warrants  your 
investigation.  We  manufacture  Coal  Crushers,  I^ryers,  Fuller-Lehigh  Pulverizer 
Mills,  and  Pulverized  Coal  Feeders.  All  this  equipment  is  described  in  our 
Catalogue  No.  71  which  we  will  be  pleased  to  send  you. 

We  also  specialize  in  the  manufacture  of  lining  plates  for  tube  mills,  pebble  mills, 
ball  mills,  screen  plates,  chute  liners,  and  all  castings  subject  to  abrasn^e  action. 
Inquiries  covering  equipment  of  this  kind  will  receive  our  prompt  attention. 


FULLER-LEHIGH  COMPANY 

Main  Offices  and  Worics:  Fullerton,  Pa*,  U.  S.  A. 

BRANCH  OFFICES  I 

New  Ytrk,  N.  Y.,  50  Chirck  St;  Chkifo,  III.,  McCtniick  BMf.;    Parstis,  Kai.,  First  Nat.  Baik  BI4. 


[Flaase  mantion  this  Bitllktin  when  writing  •dvertiaen.l 
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ALUMINUM  manufaoturing  processes  used  in 
Europe.  O.  Nisaen,  Cmiu.  A  Met.  Engng. 
(Deo.  15,  1918)  19,  804-16.  11  p.  Trans- 
lated from  TeknUk  Tidtknft,  Aug.,  1917. 

ALUMINUM  welding.  How  to  use  a  chill  on. 
D.  Baxter,  Jrd.  of  Acet.  Weld.  (Dec.,  1918) 
SO,  280-2.     1600  w. 

.  AMALGAMATION,  Berdan  plan  for.  A.  W. 
Allen,  Enong.  A  Min.  Jfd.  (Deo.  21.  1918) 
106,  1076-^.     1000  w. 

ANTI-FRICTION  and  other  aUoys.  Canad. 
Foundryman  (Dec,  1918)  0,  200.    900  w. 

ANTIMONY  smelting,  Starring  mixture  for. 
C.  Y.  Wang,  U.  S.  Pat.  1284164.  Off.  Qax. 
(Nov.  6,  1918)  SM,  192.     100  w. 

ARSENIC  and  its  occurrences  in  South  Queens- 
land. H.  I.  Jensen,  QtMeneland  Govt.  Min. 
Jrd.:  II.  (Nov.  16. 1918)  10,  503-8.  4000  w. 
Conclusion. 

BABBITT  metal  and  babbitted  bearings.  Fdy. 
Tr.  Jfd.  (Nov.,  1918)  SO,  594-6.     1200  w. 

BABBITT,  Notes  on,  and  babbitted  bearings. 
J.  L.  Jones,  Metal  Ind.  [Lond.]  (Nov.  1,  1918) 
IS,  293-6.  1400  w.  From  A.  I.  M.  E. 
BuU.  140. 

BI-MET ALLIC  article.  Canad .  Qen.  Elect.  Co. , 
Canad.  Pat.  186974.  Off.  Rec.  (Aug..  1918) 
46,  2330.     700  w. 

BRASS  carburetors,  Molding  and  casting. 
Metal  Rec.  (Nov..  1918)  4,  366-9.     3300  w. 

BRASS,  Different  furnace  types  for  electric  melt- 
ing of.  Braea  Wld.  (Dec.,  1918)  14,  353-4. 
900  w. 

BRASS  foundry  practice,  Materials  and  chemicals 
used  in.  C.  Vickers,  Braae  Wld.  (Dec,  1918) 
14,  343-6.     2500  w.     Serial. 

BRASS  foundry  with  automatic  ventilation.  C. 
Vickers.  Foundry  (Dec,  1918)  46,  569-74. 
3600  w. 

BRASS  fusion  in  electric  furnaces.  La  fusion  du 
laiton  au  four  61ectrique.  Induet.  Elect. 
(Nov.  10,  1918)  S7,  412.     800  w. 

BRONZE.  A  useful  CU-FE-ZN  high  tem- 
perature. M.  Mark,  Canad.  Fdyman.  (Dec. 
1918)  0,  303.     900  w. 

BRONZE-bearing  metals.  Q.  H.  Clamer,  Metal 
Ind.  (Nov.  29,  1918)  IS,  370-2.     1400  w. 

BUTT    welding    of    some    non-ferrous    metals. 

E.  F.  Collins  and  W.  Jacobs,  Oen.  Elect.  Rev. 
(Dec,  1918)  SI,  96»-61.     1400  w. 

CADMIUM  in  sine  Cadmium  dans  le  sine 
F.. Charles,  Rev.  de  MetaU.  (Sept.,  Oct.,  1918) 
10,  338.  700  w.  From  paper  by  W.  R. 
Ingalls  in  Trane.  of  Inst,  of  Metals,  Sept.. 
1916. 

COBALT  silver  ore.  Smelting  and  refining.  S.  B. 
Wright,  BuU.  Canad.  Min.  Inst.  (Dec,  1918) 
992-5.     1100  w.  ' 

COPPER-aluminum  alloys.  Constitution  and 
hardness  of.  Constitution  et  duret6  dee 
alliages  cuivre-aluminium  riches,  en  cuivre. 
MitaUurgie  (Nov.  6, 1918)  00, 1631--3.   900  w. 

COPPER  and  iron  alloys.  Canad.  Fdyman 
(Dec,  1918)  0,  301.     900  w.. 

COPPER,  Boronic  deoxidising  of.  J.  Scott.  Fdv 
Tr.  Jnl.  (Nov..  1918)  SO,  698-9.     1200  w. 

COPPER  concentrates  J  Possibilities  in  wet  treat- 
ment of.  Possibility  de  traitement  par  voie 
humide  des  concentres  de  minerai  de  cuivre. 

F.  Charles,  Rev.  de  MetaU.  (Sept.,  Oct.,  1918) 
10,  336-8.  1200  w.  From  paper  by  L 
Addicks,  A.  I.  M.  E.  BuU.  117. 

COPPER  enterprise,  Utah.  T.  A.  Rickard. 
Min.  db  Sc%.  Pr.;  VII.  (Dec  7,  1918)  117. 
749-63.     2200  w.     Serial.  ' 

COPPER,  Influence  of  orogressive  cold  work  on. 
H.  C.  H.  Carpenter,  Nature  (Oct.  31,  1918) 
lOS,  175-6.     1000  w.  ^ 
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COPPER  ores.  Treatment  of.  A.  N.  Loekvood, 
U.  S.  Pat.  1282892.  Off.  Gax.  (Oct.  39, 1918) 
SOO,  885.     300  w. 

COTTRELL  electrostatic  recovery  proeeas  of  fine 
dust  and  fumes.  H.  J.  Bush,  Jnl.  See.  of 
Chem.  Ind.  (Oct.  31,  1918)  ST,  389R-91. 
2000  w. 

COTTRELL  plant,  Westinghoose  dectrieal 
equipment  for.  Engng.  A  Min.  Jnl.  (Dee. 
14.  1918)  100, 1030.    800  w. 

CRIPPLE  Creek  ores,  Development  of  metsl- 
lurnr  of.  Chem.  A  Met.  Engng.  (Dec.  1, 
1918)10,748.     1000  w. 

DIE-CASTING  of  aluminum  bronse.  H.  Bex 
and  H.  Whitaker.  Maehy.  IN.  Y.]  (Dec, 
1918)  SO.  308-9.  1500  w.  Aba.  of  a  psper 
presented  to  Inst  of  Metals,  Lond. 

EFFECT  of  heating  and  quenching  Ccrnbh  tin 
ores  before  crushing.  A.  Yates,  Metal  Ind. 
(Dec  6.  1918)  IS,  391-2.  900  w.  Reid 
before  Inst.  Mm.  and  Met.,  Nov..  1018. 

ELECTRIC  resistance  alloy.  Westn.  Eleetne 
Co..  Canad.  Pat.  186741.  Off.  Rec  (BepL, 
1918)  40,  2699.     400  w. 

ELECTRIC.  Two-ton,  furnace  makes  sUojaL 
Canad.  Fdyman.  (Nov.,  1918)  0,  278-80. 
1100  w. 

ELECTRO-cyanidation  pf  gold  and  silver  ona. 
R.  T.  Sill  and  H.  A.  Sill,  Engng.  A  Min.  JnL 
(Dec  7,  1918)  10(L  988-0.  1100  w.  Froo 
Min.  A  Oa  BuU.,  Apr.,  1918.     Abs. 

ELECTROLYTIC  production  of  metallic  msi- 
nesium.  G.  O.  Seward,  Canad.  Pat.  186259. 
Off.  Rec.  (Aug.,  1918)  40,  2469.     600  w. 

ELECTROLYTIC  recovery  of  sine  G.  H. 
Clevenger,  U.  S.  Pat.  1283078.  Of.  Qas. 
(Oct.  29,  1918)  SOO,  938.     100  w. 

ELECTROMETALLURGY  of  tin.  J.  Escard. 
L'electrom^tallurgie  de  retain  an  four 
61ectrique.  Induet.  Elect.  (Dec.  10.  1918) 
S7,  444-8.     3200  w. 

ELECTROSTATIC  dust  precipitation.  W.  H. 
Easton,  Induet.  Man.  (Dec,  1918)  00,473^5. 
1200  w. 

FILTER,  Automatic.  Filtre  automatioQe  i 
poussidres.  F.  Charles.  Rev.'  de  MdaH 
(Sept.,  Oct.,  1918)  10^  332-3.  600  w. 
From  paper  by  G.  S.  Brooks  and  L.  G. 
Duncan,  A.  I.  M.  E.  BuU:  131. 

GAS  fired  furnaces  for  brass  melting.  Fmtnin 
(Jan.,  1919)  47,  37-8.     900  w. 

GOLD  and  silver,  Qbtaiftment  from  their  ores. 
A.  A.  Lockwood,  U.  S.  Pat.  1283236.  Of. 
Oaz.  (Oct.  29,  1018>  SOO,  978.     500  w. 

GOLD  bullion.  Refining,-\  dth  chlorine  gas  and  sir. 
R.  R.  Kahan,  Metal  Ind.  (Dee.  6,  1918)  IS. 
390.  900  w.  Reikd  before  Instn.  Min.  k 
Met.,  Nov.,  1918. 

GOLD  in  East  Africa.  South  A/r.  Min.  JnL  (Nor. 
9,  1918)  SO,  191.     500  w.' 

GOLDEN  cycle  cyanide  plant:  Chem.  A  MeL 
Engng.  (Dec  16,  1918)  10.     906  w. 

GUN  metal  is  affected  by  impurities.  How.  F. 
Johnson,  Foundry  (Jan.,  lOlD)  47,  36-7. 
1000  w.  From  a  paper  presented  before  Inst 
of  Metals. 

HARDNESS  of  alloys  of  non-ferrous  metsk. 
P.  Ludwik,  Meek.  Wld.  (Nov.  1.  1918)  04, 
209.     1000  w.     From  Bran  Wld.,  AU. 

HARDNESS  testing.  Report  on:  Rfelatioa  be- 
tween ball  hardness  and  soleroaoope  hsidnsai. 
A.  P.  Shore.  Fdy.  Tr.  Jnl.  (Nov.,  1918)  SO, 
689-93.  3400  w.  Aba.  of  paper  read  be- 
fore Iron  and  Steel  Inst. 

HAUSFELD  non-crucible  non-ferrous  rndtiag 
furnace.  Metal  Ree.  (Oct.,  1918)  4.  834-^- 
1000  w. 

HEAT  insulation  in  furnaces^  Value  of.  A.  W. 
Knight.  Am.  Drop  Forger  (Nov.,  1918)  4, 
451-3.     2400  w. 


BULLETIN,  A.  1.  M.  E.— ADVERTISING  SECTION 


Cyanide  of  Sodium  ^& 

Cyanogen  contents  51/52% 

Uyanegg 

Cyanide  of  Sodium  96/98%  in  egg 

form,  each  egg  weighing  one  ounce. 

Cyanogen  contents  51/52% 

Manufactured  in   U.  S.  A. 

Works: 

NiaKwa  Falls.  N.  Y.         St.  Albans.  W.  Vs. 

Perth  Amboy.  N.  J. 

The 
Roessler  &  Hasslacher  Chemical  Co. 
100  William  Street  New  York,  N.  Y. 

1  aiiLLRiH  wh*B  writiD(  kdvertiHCi.)  .  I 
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UYDROMBTALLURGY  of  linc,  Elimination  of 

!:elatinou8  silica  in  the.  Engng.  A  Min.  Jnl. 
Deo.  28,  1918)  19%,  1117-8.  1500  w. 
^rom  apecifications  of  Letters  Patent.     Abs. 

INCLINED  retort  plant  at  Rome  a  success.     S. 

B.  Russell.  Q<u  Age  (Dec.  2,  1918)  4S»  463-6. 
1500  w. 

INSTITUTE  of  Metals,  Work  of  the.     H.  C.  H. 

Carpenter,  Meial  Ind.  (Nov.  22.  1918)  IS, 

359.     800  w. 
INSTRUMENTS,      Heat-measuring.      C.      E. 

Clewell,    Am.    Mack.    (Dec.    5,    1918)    49, 

1021-6.     700  w. 

LEACHING  and  Eltration  nomenclature.  A.  W. 
Allen.  Bngng.  A  Min,  Jnl.  (Deo.  7,  1918) 
lOe,  990.     900  w. 

LEAD,  Autogenous  welding  of.  P.  Rosenberg, 
Acet.  A  Weld.  Jnl.  (Nov..  1918)  1%,  205-6- 
800  w.     Serial. 

LEAD  plating.  Metal  Ind.  (Nov.  29,  1918)  IS. 
377-8.  500  w.  Circular  issued  by  Bur.  of 
Standards,  Washington,  D.  C. 

MAGNESIUM  as  a  deoxidiser  for  brass  and 
bronie.  Foundry  (Jan.,  1919)  47,  26. 
700  w. 

MAGNESIUM  industry.  Development  of.  L- 
Waldo.  MeUU  Rec.  (Oct.,  1918)  4,  312-3. 
1900  w. 

MAGNESIUM  lead  alloys.  Chem.  A  Met. 
Engng.  (Dec.  1,  1918)  19,  776-7.     2000  w. 

MANGANESE.  American,  development.  Iron 
Age  (Deo.  26,  1918)  lOS,  1594.     500  w. 

MANGANESE,  Substituting  for  phosphorus. 
A.  F.  Braid,  Foundry  (Jan.,  1919)  47,  17. 
800  w.     From  A.  I.  M.  E.  BuU.  143. 

MECHANICAL  properties  of  materials.  Experi- 
mental study  of.  W.  C.  Unwin,  JnJ.Jnstn. 
Meoh.  Engrs.  (Oct..  1918)  405-39.     34  p. 

MELTING  brass  in  a  rocking  electric  furnace. 
H.  W.  Gillett  and  A.  £.  Rhoads,  WaUr  A 
Oaa  Rev.  (Dec,  1918)  S9,  9-10.  3200  w.; 
Bur.  of  Mines,  BuU.  171,  4-131. 

MELTING  metals.  W.  J.  May,  Brass  Wld. 
(Dec,  1918)  14,  355-6.     1500  w. 

MELTING  metals.  Some  principles  involved  in. 

C.  Vickcrs,    Brass    Wld.    (Dec.    1918)    14, 
352-3.     1200  w. 

METAL  casting  method.  L.  Lorentowrea, 
Canad.  Pat.  185941.  Off.  Rec.  (Aug.,  1918) 
46,  2310.     100  w. 

METAL  rolling.  Mech.  Wld.  (Dec  13.  1918)  64, 
285-6.     900  w.     Serial. 

METAL  rolling:  The  operation  of.  F.  Johnson, 
Metal  Ind.  [Lond.]  (Nov.  1,  1918)  IS,  302-6. 
3500  w. 

METALS,  Wear  of.  Engrig.  (Nov.  29,  1918) 
106,  625.     2800  w. 

METALLOGRAPHY,  Interesting  applications 
of,  to  bronie  foundry  practice.  G.  F.  Corn- 
stock.  Brass  Wld.  (Dec,  1918)  14,  349-51. 
1500  w.     Serial. 

MINING  and  metallurgy  in  South  Africa,  Recent 
progress.  H.  S.  Meyer,  Jnl.  Chem.  Met.  & 
Min.  Soc.  of  S.  A.  (Sept.,  1918)  19,  33-7. 
3600  w.     Presidential  address. 

MOLYBDENUM  separation.  Stern- Anderson 
Co.,  Canad.  Pat.  186640.  Off.  Rec.  (Sept., 
1918)  46,  2654.     300  w. 

NON-ferrous  metals.  Behavior  of,  under  oxy- 
acetylene  torch.  J.  F.  Springer.  Metal  Rec. 
(Nov..    1918)    4,    345-7.     2900    w.     Serial. 

OCCLUSION  of  gases  by  metals.  Engng.  (Nov. 
15,  1918)  106.  562-4.  4000  w.  Serial; 
(Nov.  22,  1918)  106,  583-5.  2000  w. 
Conclusion.  Iron  A  Coal  Tr.  Rev.  (Nov.  15, 
1918)  97,  644.  1800  w.  Discussions  by  C. 
Jones  and  T.  Baker  before  Faraday  Soc; 
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Engr.  (Nov.  22,  1918)  U6,  444.  1200  v. 
Discussion:  MetalUnd.  (Nov.  22,  1918)  IS, 
357.     1200  w.     Discussion. 

ORE-roasting  apparatus.  G.  L.  Tanser,  Cuid. 
Pat.  186709.  Off.  Rec.  (Sept.,  1918)  tt. 
2680.     200  w. 

PLATINUM  in  Dunite.  J.  C.  Reilly.  Mi*.  4 
Set.  Pr,  (Dec  7,  1918)  117,  748.  300  w. 
Letter. 

PLATINUM.  Process  for  recovering.  C.  k. 
Logan,  Min.  A  Sci.  Pr.  (Dec.  21.  1918)  117, 
819-20.     800  w.     Letter. 

PRECIOUS  metal  alloy.  W.  E.  Mowrey.  U.  S. 
Pat.  1283264.  Off.  Gas.  (Oct.  29.  1918)  SU. 
984.     200  w. 

PROCESS  of  recovering  values  from  their  owf. 
W.  O.  Ariinger,  U.  S.  Pat.  1282730.  Of 
Qas.  (Oct.  29.  1918)  SM,  839.     100  w. 

PROCESS  of  reducing  metallic  oxides.  C.  .K. 
Pfanstiehl,  U.  S.  Pat.  1283286.  Off.  Om. 
(Oct  29,  1918)  S66,  990.     200  w. 

RADIUM  and  uranium,  Extracting  from  pitcfa- 
blende.  Min.  Mag.  (Nov..  1918)  19,  274-6. 
1400  w. 

RADIUM:  Its  properties  and  occurrence  in 
nature.  R.  B.  Moore,  Metal  Rec..  (Nov., 
1918)  4,  348-51.  4400  w.  Serial.  From 
A.  I.  M.  E.  BuU.  140. 

RAY  Hercules  Copper  Co.  Engng.  A  Min.  JfL 
(Dec  28.  1918)  106,  1120-1. 

RECOVERING  metals  from  ores.  Process  for. 
C.  L.  Larson.  U.  8.  Pat.  1284910.  Off.Goi. 
(Nov.  12.  1918)  SU,  410.     300  w. 

RECRYSTALLIZATION  in  deformed  noa- 
ferrous  metals.  D.  Hanson,  Prac.  Bttgr. 
(Dec  6.  1918)  269-70.  1300  w.  Abe.  of 
paper  read  before  Inst,  of  Metals. 

REFINING  lead  alloys  and  alloys  contaimnt 
lead,  tin,  copper,  or  antimony.  F.  A.  Stief. 
U.  8.  Pat.  1283427.  Off.  Qaz.  (Oct.  29, 1918) 
SB6,  1027.     200  w. 

RESISTANCE  to  penetration  of  metab.  A  la» 

foverning.     C.    A.    Edwards.    Auto.   Engr. 
Nov..  1918)  8,  320-7.     7  p. 

ROLLING  of  metals.  Metal  Ind.  fNov.  2i. 
1918)  18,  353-5.     3000  w.     Discussion. 

SMELTERS.  Constructive  work  at  Washoe,  sod 
Great  Falls,  in  1917.  W.  N.  Tanner,  Jnl 
Mont.  Soc  Engrs.  (Jan.,  1918)  1, 12-7.    5  p. 

SOLDERING  and  braiing.  P.  W.  Blair.  Mttd 
Ind.  (Dec,  1918)  16,  547-9.     1600  v. 

SOLDERS  and  substitutes  for  lead-tin  solds* 
C.  W.  HUl.  Metal  Ind.  [Lond.J  (Nov.  8. 1916) 
18,  313-5.     2000  w. 

STELLITE.  Maehy.  (Nov.  14,  1918)  U,  I8fr-1. 
800  w. 

STELLITE  as  a  substitute  for  platinujn.  E. 
Haynes,  Metal  Ind.  (Nov.  22.  1918)  IS,  355. 
400  w. 

SULPHUR,  Recovery  of,  in  roasting  of  capioa 
pyrites.  La  r6cup^ration  da  soaire  conteao 
a  r^tat  d'anhydride  sulfureux  dane  les  gtf 
de  grillage  des  pyrites  cuivreuses.  Rtv.Ge%- 
d.  Set.  (Oct.  30,  1918)  S9,  564-5.     700  v. 

TIN.  Abating  use  of.  Brass  Wld.  (Dec,  191^^ 
14,361.     1000  w. 

TIN.  American  symposium  on  conservatioD  of 
Metal  Ind.  (Nov.  29.  1918)  IS,  369.  600  w. 
From  A.  I.  M.  E.  Bull  144. 

TIN  plate  industry.  D.  M.  Buck.  Meial  Ind. 
(Nov.  29,  1918)  IS,  371.  70O  w.  From 
A.  I.  M.  E.  BuU.  144. 

TUNGSTEN  in  the  Coeur  d'Alcne.  Sah  Lake 
Min.  Rev.  (Dec.  15,  1918)  SO,  24.     1100  v. 

UTAH  copper  enterprise.  P.  Wiseman,  Min.  <t 
Sci.  Pr.  (Dec.  21.  1918)  117.  820.  600  w. 
Letter. 
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Packings  made  on  a  straight  engineering  l)asis 
—that's  the  Johns-Manville  Line 


Johns-Manville  Sea  Rings,  for  example,  resemble  no  other 
rod  packing  in  shape  or  construction — or  in  service  either, 
for  Uie  pliable  lip  reduces  friction,  saves  power,  and  mini- 
mizes wear.  The  folded  section  of  Johns-Manville  Universal 
is  distinct  from  ordinary  "laminated*'  hydraulic — and  each 
sinewy  shoulder  of  the  folds  withstands  "side-swiping" 
longer.  Johns-Manville  Service  Sheet  Packing  is  thin. 
Why?  Because  at  no  sacrifice  of  durability  its  thinness 
reduces  the  area  exposed  to  pressure. 

All  through  the  Johns-Manville  Line  you'll  find  these  differ- 
ences, purposely  adopted  not  for  novelty  but  for  higher  effi- 
ciency and  longer,  better  service.  The  individuality  of  the 
Johns-Manville  line  sets  up  a  new  standard  of  packing  science. 


The  Johns-Manville  Steam  Trap 

When  your  steam  trap  must  be  installed  in  a  tangle  of 
piping,  the  small  size  of  the  Johns-Manville  Steam  Trap  is 
important. 

But  it's  the  simplicity  of  the  Johns-Manville  Trap — and 
the  positive  operation  and  freedom  from  trouble  that  this 
simplicity  insures — that  sets  it  apart  from  all  others. 

Only  three  parts — body,  ball  and  discharge  bushing. 
When  there's  no  condensation  to  discharge,  steam  pressure 
holds  the  ball  against  the  outlet — the  only  point  where  there 
is  unbalanced  pressure.  As  water  rises  in  the  trap  it  rolls  the 
ball  up  and  exposes  the  unobstructed  orifice.  Discharge  is  con- 
tinuous as  long  as  water  flows  into  the  trap,  and  if  air  is  present 
it  is  discharged  through  the  vortices  that  form  at  the  orifice. 

The  Johns-Manville  Trap  cannot  air  bind,  and  requires 
no  adjustment — it  is  the  simplest  trap  on  the  market. 

Send  for  descriptive  catalog 


H.  W.    JoKns-Manville    Co. 

Nei^  YorK 

lO  Factories  DrancHes  in  63  lar^e  cities 
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ZINC,  Application  of,  in  building  trades.     J.  A. 
Singmaster,  Chem.  <jfc  Met.  Enffng.  (Deo.  15, 
igi8)  19,  825.     500  w. 

ZINC  box  practice.  A.  W.  Allen,  Sngng.  A 
Min.  Jnl.  (Dec.  14.  1918)  lOe,  1017-31. 
3000  w. 

ZINC,  Condenaation  of,  from  its  vapour.  Meta^ 
Ind,  (Nov.  29,  1918)  IS,  373.  500  w- 
From  paper  by  C.  H.. Fulton,  A.  I.  M.  E* 
BuU.  140. 

ZINC  oxide.  L'oxyde  de  sine.  M.  Detmareta* 
Rev.  de  MetaU.  (Sept.,  Oct..  1918)  IB,  345-9' 
3000  w.  From  paper  by  Q.  C.  Stonet 
A.  I.  M.  E.  BuU.  129. 

ZINC  production.  F.  Tharaldaen.  Canad.  Pat. 
186160.  Off.  Rec.  (Aug.,  1918)  46,  2415-6. 
600  w. 

ZINC,  Production  of  rolled,  in  the  United  States- 
C.  E.  Siebenthal,  Metal  Ind.  [N.  Y.)  (Dec 
1918)  16,  556.     800  w. 

ZINC,  Condensation  of,  from  its  vapour.  Bnong. 
(Nov.  8,  1918)  106,  527.  300  w.  Abs.  of 
paper  by  C.  H.  Fulton,  A.  I.  M.  E.  BuU.  140. 

ZINC  cyanide  plating  solutions.  F.  J.  Lisoomb. 
Metal  Ind.  (Dec,  1918)  16,  552-3.     1200  w. 

ZINC  industry.  E.  A.  Snuth,  Bnong.  (Nov.  1, 
1918)  106,  486-7.     1700  w.     Book  review. 


ZINC  industry.  Refractories  in.  J.  A.Aud]ey, 
Jnl.  Soo.  Chem.  Ind.  (Nov.  30,  1918)  ST, 
702-3.  From  Ceram.  Soc.  Refractories  See^ 
Oct.  8,  1918.     Advanoa  procuf. 

ZINC  produced  by  war.  New  uses  and  wider 
field  for.  Metal  Rec.  (Oct.,  1918)  4»  314-6. 
8700  w. 

ZINC  refining.  Raffinage  du  sine.  M.  Des- 
marets.  Ret.  de  MetalL  (Sept.,  Oct.,  191S) 
16,  338-45.  7  p.  From  paper  by  L.  E. 
Wemple,  A.  I.  M.  £.  BuU.  131. 

ZINC  retort  furnace.  A  Jones,  U.  8.  Pst 
1282847.  Off.  OoM.  (Oct.  29,  1918)  Uf ,  873. 
200  w. 

ZINC  sulphide  ores.  Brit.  Pat.  119223.  lU.  Of. 
Jnl.  (Nov.  20,  1918)  2657.     100  w. 

ZINC,  Uses  of,  are  capable  of  important  ex- 
pansion. G.  C.  Stone,  Min.  Cmyf.  Ji»L 
(Deo..  1918)  4,  458-9.     1300  w. 

ZIRCONIA,  its  occurrenoea  and  applicatioo* 
H.  C.  Meyer.  JnL  Soo.  Chem.  Ind.  (Nov.  30 
1918)  ST,  698A.  500  w.  From  Advance 
Proof,  Ceram.  Soo.  Refractories  See..  Oct 
18,  1918. 

ZIRCONIA,  Its  possibilities  in  metailuzgy. 
Fdy.  Tr.  Jnl.  (Nov.,  1918)  10,  596-7.  1900 
w.  From  paper  by  L.  Bradford  read  hdon 
Birmingham  Met.  Soc. 


Transactions  Wanted 


THE  INSTITUTE'S  STOCK  OF 

Volumes  XXXI,  LI,  and  LII 

has  become  much  reduced  by  sales.  If  members  have  copies  of 
these  volumes  which  they  can  spare,  the  price  of 

$3.00  Per  Volume  Will  Be  Paid  For  Them 

if  in  good  condition.  If  desired,  a  copy  of  the  Index  for  Volumes 
XXXVI  to  LV  will  be  given  for  one  of  these  volumes  of  the 
Transactions  and  one  dollar  additional.  For  two  volumes  of  the 
Transactions,  a  copy  of  the  Index  will  be  sent  and  the  balance 
will  be  credited  to  the  payment  of  dues. 


(32) 


BULLETIN,  A.  I.  M.  E.— ADVERTISING  SECTION 


• 

PROFESSIONAL  CARDS 

WALTER  H.  ALDRIDGE 

IfAttlhirfical  BngiiiMr 
U  WtU  Street                         NBW  TORK 

JOHN  HAYS  HAMMOND 

CttiiiMlttsi  rngiimif 

120  Broadway                 NEW  YORK 
Code:  B^dfordrMcNM 

A.  CHESTER  BEATTY 

CmsiMik  MUiif  EiWlMW 

25  Broad  Street 

NEW  YORK,  N.  Y. 

Cble  AiMrees 

Graritlc 

ABBOT  A.  HANKS 

ChoRilst  md  Assayir 

EeUblishedlSM 

Control  and  Umpire  Aasaye,  Supervl- 
sion  of  Sampling  at  Smelten,  Chemioal 
Analyeee  of  Oree,  MInerala.  Mineral' 
Waters,  ete. 

€30  SacriMitt  St.       San  FrMCtoco,  Cal. 

H.  KENYON  BURCH 

■cckMlcal  aN  Nctalliriical  EiflMcr 

Gere  The  Sierra  Medre  Club 

L.  A.  iBTettment  Bldg. 

Lm  Aiiffeleif  G«llfomis 
Dedgner  end  Builder  of 
Power,  Hotrtinc.  Pum^nc> 
CruehUt  end  Mining  PUnte. 

Speeieltiee:  Conoentretion  of  Oree, 

Eeonomio  Handling  of  Materiala 

LEDOUX  ft  COMPANY 

Assay«rs  and  Samplara 

99  John  StiMt                   NEW  YORK 

Independent  Ore  and  Metal  Samplers. 

Representatives  at  all  Refineries  and 
Smelters  on  Atlantic  Seaboard. 

J.  PARKE  CHANNING 

CoMrithw  bUnMr 

61  Bboadwat                 new  YORK 

GEORGE  WARREN  TOWER,  JR. 

and  Associates 
Consulting  Geologists  and  Mining  Enginoors 

Examination,  Development  and  Manage- 
ment Propertiee  Gold,  Silver,  Copper  and 
Minerala  for  Making  Alloy  Steele. 

134  Woodlend  Ave. 

NEW  ROCHEUE,  NEW  YORK 

A.  B.  FOSTER 

M.  8.  In  Chemistry 

Specialist  in  Chemical  and  Metallurgical 
Pat4*nts  and  Applications.  Involving  Proc- 
esses And  Products.   Searches  and  Opinions 
as    to    Novelty,  Validity,   Infringement. 
Collections  of  Patents  on  Particular  Arts, 
Etc. 

Bz-examiner  in  Chemical  Division.  U.  S. 
Patent  Office. 

533  Victor  Mdg.   -   WASHINGTON.  D.  C. 

POPE  YEATMAN           EDWIN  S.  BERRY 

POPE  YEATMAN 

Consulting  Mhilng  Enginosre 

Examination,  Development  and 
Management  of  Properties. 
Boom  1601 

00  Broadway,  New  York 

Cable:                       Code: 
Ikona                B9dfordrMcNma 

ROBERT  H.  RICHARDS 

Or*  Drseeinff 
Maseaehuaette  Institute  of  Technology 

BOSTON.  MASS. 

[Fleaee  mention  thia  buludtxn  when  writing  advertiaen.] 
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CLASSIFIED  LIST  OF  MINING  AND 
METALLURGICAL  EQUIPMENT 


Acetylene  Apparattis 

Maoleod  Co..  Bogen  St.,  CinoinnaU.  Ohio. 

Acids  and  Ammonia 

Heil  Cliemieal  Co..  Henry.  210-214  8.  4th 
8t..  St.  Louia.  Mo. 

Acid.  Solphttric 

lUinoia  Zino  Co.,  Peru.  111. 

Affltators 

Dorr  Co.,  Denver.  Colo. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown, 
Pa. 

Amalgamatori 

AUia-Chalmera  Mfg.  Co..  Milwaukee.  Wis. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown, 

Pa. 
Worthington   Pump  A   Machinery   Corpn., 

115  Broadway,  New  Yorlc  City. 

AabestOi 

Lavino  and  Co..  E.  J..  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Asbestoi  Materials 

Johns-Man  villa  Co^  H.    W..  206    Madison 
Ave.,  New  York  City. 

Assay  Supplies 

Heil  Chemical  Co.,  Henry,  210-214  8. 4th  St.. 

St.  Louts,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway 
New  Yotk  City. 

Axles,  Mine  Car 

Fuller-Lehigh  Co.,  Fullerton,  Pa. 

Balances  and  Weights 

Hell  Chemical  Co.,  Henry.  210-214  8.  4th  St., 

St.  Louis,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 

Ball  and  Tube  Mill  Parts  (Kominuter  Parts) 

American  Manganese  Steel  Co.,  McCormiok 
Bldg.,  Chicago,  III. 

Bearings,  Ball 

G  William  Co.,  263  W.  68th  St..  New  York 
City. 

Bearings,  Roller 

Gwifliam  Co..  253  W.  68th  St.,  New  York 
City. 

Belting.  Conveyor 

Goodrich  Rubber  Co..  B.  F.,  Akron,  O. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 

Ohio. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg., 
.     New  York  City. 

Belting,  Blevator 

Goodrich  Rubber  Co..  B.  F..  Akron,  O. 
Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus. 
Ohio. 

Belting,  Transmission 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  O. 

Bins,  Coal  and  Coke 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 
Ohio. 

Blasting  Powder  (See  Powder,  Blasting) 

Blasting  Supplies 

Du  Pont  de  Nemours  &  Co.,  E.  I.,  Wilming- 
ton, Del. 

Blowers 

General  Electric  Co..  Schenectady,  N.  Y. 

Blowpipe  Apparatus 

Heil  Chemical  Co.,  Henry.  210-214  8. 4th  St., 
St.  Louis.  Mo. 


Brake  Blocks 

Johna-Manvffle    Co.,    H.  W.,  206  MadlNi 
Ave..  New  York  City. 

Brick,  Fire 

Harbiaon-Walker  Refraetories  Co.,  Famen' 

Bank  Bldg..  Pittsburgh.  Pa. 
Lavino  and  Co.,  B.  J.,  Bullitt  Bldg..  Phili- 

delphia,  Pa. 

Buckets,  Blevator 

American  Manganese  Steel  Co.,  MsCoriDiefc 

Bldg.,  Chicago,  111. 
Jeffrey  Mfg.  Co.,  002  N.  4ih  St.,  ColaBbsi. 

Ohio. 

Burners,  Gas 

Madeod  Co..  Bogen  St.,  dnoinnati,  Ohio. 

Burners,  Oil 

Madeod  Co.,  Bogen  St..  Cincinnati,  OUo. 
Mine  and  Smelter  Supply  Co.,  42  B^oadvsf , 
New  York  City. 

Cableways 

Flory  Mfg.  Co.,  8.,  Bangor.  Pa. 

Lesohen  A  Sons  Rope  Co.,  A..  020  N.  lit  St., 

St.  Louis,  Mo. 
Macomber  A  Whyte  Rope  Co..  Keadsha,  Wii. 
Roebling's  Sons  Co..  Jonn  A.,  Trenton.  N.  J. 

Cages,  Hoisting 

Mine  and  Smelter  Supply  Co..  42  Broadway, 

New  York  (Xty. 
Traylor  Engineering  A  Mfg.  Co.,  AUestovs. 
Pa. 

Cages.  Self  Dumping  and  Plain 

Holmes  A  Bros..  Inc..  Robt^  30  N.  HsstlBt.. 
DanviUe,  lU. 

Car  Lifts,  Automatic 

Holmes  A  Bros.,  Inc.,  Robt.,  80  N.  Basel  fit. 
Danville,  111. 

Carbide  Lamps 

Maoleod  Co.,  Bogen  St.,  Ctncinnati,  Ohio. 

Care,  Ore 

Allis-Chalraers  Mfg.  Co.,  Milwsukee.  Wit. 
Mine  and  Smelter  Supply  Co.,  42  Brosdwsj. 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  Alfestovs. 

Pa. 

Castings,  Brass 

Holmes  A  Bros.,  Inc..  Robt..  30  N.  Basel  Bt . 
Danville.  111. 

Castings,  Iron 

Fuller-Lehigh  Co.,  Fullerton,  Ps. 
Holmes  A  Bros.,  Inc.,  Robt.,  30  N.  Hssd  St.. 
Danville.  111. 

Caustic  Soda 

Heil  Chemieal  Co..  Henry,  210-211  a  4th  St. 
St.  Louis,  Mo. 

Cement  Blast  Guns  (See  Oans,  Cement) 

Cement  Machinery 

Traylor  Engineering  A  Mfg.  Co.,  ADestova. 

Pa. 
Worthington   Pump  A  Machinery  Corp  a. 
115  Broadway,  New  York  City. 

Cements,  Refractory 

Johns-ManviUe   Co.,    H.  W.,  206  lU^* 
Ave.,  New  York  (Sty. 

Chains 

American  Manganese  Sted  Co.,  MeCorsiiek 

Bldg.,  Chicaco,  111. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Cdooib*. 
Ohio. 
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CLASSIFIED  LIST  OF  MINING  AND  METALLURGICAL  EQUIPMENT 


I       Cb^iDieal  Ap]ianitii8 

HeU  Cbemieal  Co..  Henry.  210-214  S.  4th  St., 
St.  Louis,  Mo. 

Chemicals 

Heil  Chemieal  Co.,  Henry,  210-214  S.  4th  St. 

St.  Louis,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Rosssler  A  Haaalaoher   Chemieal   Co.,    100 

WilUsm  St.,  New  York  aty. 

Chrome  Brick 

HarbisoD-Walker  Refraotories  Co.,  Farmers' 

Bank  Bldg.,  Pittsburgh,  Pa. 
Lavino  and  Co..  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Chrome  Cement 

LaTino  and  Co.,  B.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Chrome  Ore  (Lump  and  Ground) 

LaTino  and  Co.,  £.  J.,  Bulfitt  Bldg.,  Phila- 
delphia, Pa. 

Chute  Plates  &  Launder  Liners 

American  Manganese  Steel  Co.,  MoCormiek 
Bldg.,  Chicago,  111. 

Chutes 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 
Ohio. 

Classiilers 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
Colorado  Iron  Works  Co.,  Denrer.  Colo 
Deister  Concentrator  Co..  Fort  Wayne,  Ind. 
Dorr  Co..  Denver,  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown. 

Pa. 
Worthington   Pump  A   Machinery  Corp*n., 


imp 
.Ni 


115  Broadway.  New  York  City. 

Coal  aad  Ash  Handling  Machinery 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus. 
Ohio. 


Coal  Mining  Machines 

Jeffreir  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 

Ohio. 
SuUiran  Maohinenr  Co.,  122  So.  Michigan 

Ave.,  Chicago,  lu. 

Coal  Mining  Plants 

JeOrey  Mfg.  Co.,  902  N.  4th  St..  Columbus. 
Ohio. 

Coal  Storac*  and  Rehandling  Machlntty 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus, 
Ohio. 

Ceatinxs*  Roof 

Johna-Manrille   Co.,  H.    W..  296  Madbon 
Ave..  New  York  City. 

Cellectora,  Dust 

Macleod  Co..  Bogen  St..  Cincinnati,  Ohio. 

Compnaa,  Mass  Patent  Drill  Hole 

Derby,  Jr..  E.  L.,  Agent,  Ishpeming,  Mich. 

Cempreaaors,  Air 

AUia-Chalmers  Mfg.  Co.,  Milwaukee,  Wb. 
General  Eleetrio  Co.,  Schenectady.  N.  Y. 
SiiUivan  Machinery  Co.,  122  So.  Michigan 

Ave.,  Chicago,  III 

'orthing 

115  Br< 

Concantrators 

Colorado  Iron  Works  Co.,  Denver.  Colo. 
Deiater  Concentrator  Co.,  Fort  Wayne,  Ind. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown, 

Pa. 
Worthington   Pump  A  Machinery   Corp'n., 

110  Broadway,  New  York  City. 


go 

Wcvthington  Pump  A  Machinery   Corp'n., 
115  Broadway,  New  York  City. 


Cendenaera,  Surface 
eatinchouse  E 
Pittaburgh,  Pa 

IPl 


Weatinghouse   Electric   A    Mfg.    Co..   East 


Contractors,  Diamond  Drilling 

Loncrear  Co.,  E.  J.,  710  Security   Bldg., 

Minneapolb,  Minn. 
Sullivan  Machinery  Co.,  122  So.  Miohlgaa 

Ave.,  Chicago,  111. 

Converters.  Copper 

AlUs-Chalmers  Mfg.  Co.,  Milwaukee,  Wb. 
Traylor  Eni^eering  A  Mfg.  Co.,  Allentown, 

Pa. 
Worthington   Pump  ft" Machinery  Corp'n., 
115  Broadway,  New  York  City. 

Converters,  Electric,  Rotary 

General  Electric  Co..  Schenectady,  N.  Y. 
Weatinghouse  Electric   ft   Mfg.   Co.,   Bast 
Pittsburgh,  Pa. 

Conveyors,  Belt 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus, 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg., 

New  York  City. 

Conveyors,  Cable  Flight 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus, 
Ohio. 

Conveyors,  Chain  Flight 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus. 
Ohio. 
Conveyors,  Pan  or  Apron 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus, 
Ohio. 

Conveyors,  Screw 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus, 
Ohio. 

Core  Drilling 


Loncyear  Co.,   E.   J.,  710  Security   Bldg., 
Minneapolb,  "* 

jU  Machinery 

Ave.,  Chicago,  lU. 


..Itnneapoib,  Minn. 
Sullivan  Machinery  Co.,  122  So.  Michigan 


Coverings,  Pipe  and  Boiler 

Johns-Manville  Co.,  H.  W..    296    Madbon 
Ave..  New  York  aty. 

Crucibles 

Heil  Chemieal  Co.,  Henry,  210-214  S.  4th  St., 

St.  Loub,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 

Crushers,  Coal  and  Coke  _  .      . 

Jeffrey  Mfg.  Cft.,  902  N.  4th  St.,  Columbus, 

Ohio. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg.. 

New  York  City. 
Worthington   Pump  ft  Machinery  Corp  n.. 

115  Broadway.  New  York  City. 

Crushers,  Disc 

Chalmers  ft  Williams.  Inc.,  1465  Arnold  St.. 
Chicago  HeighU.  111. 

Crushers,  Jaw  .^.   »       , ,  «. 

Chalmera  ft  Williams.  Inc.,  1465  Arnold  St.. 
Chicago  Heights,  111. 

Crushers,  Ore  _      ....        .       ™. 

Allis-Chalmere  Mfg.  Co..  Milwaukee.  Wis. 
Buchanan  Co.,  C.  O.,  90  West  St.,  New  York 

City. 
Chalmers  ft  Williams.  Inc.,  1465  Arnold  St., 

Chicago  Heights,  111.  ^  , 

Coloradu  Iron  Works  Co..  Denver.  Colo. 
Fuller-Lehigh  Co.,  Fullerton,  Pa. 
Heil  Chemical  Co..  Henry,  210-214  S.  4th  St.. 

St.  Lome,  Mo.  ,    ^      ^^  ^       . 

Mine  and  Smelter  Supply  Co.,  42  Broadway 

New  York  City.  _       ^  „ 

Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 
Worthington  Pump  ft  Machinery  Corp'n., 

115  Boradv/ay.  New  York  City. 

Crushing  and  Grinding  Machinery  , ,  _ 

Chalmers  ft  Williams.  Inc.,  1465  Arnold  8 
Chicago  Heights,  111. 
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CrutUnc  Roll  Parts 

Amerioan  Manganese  Steel  Co.,  MoCormick 
Bldg..  Chioago  111. 

Craihing  RoUi  (Hee  Rolla,  Crathlnf) 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbue, 
Ohio. 

Cttpro-Magnotinm  Metal 

LaTino  and  Co.,  E.  J..  Bullitt  Bldg.,  Phila- 
delphia, Pa. 
Capro-Vanadittm 

Primoa  Chemical  Co.,  Primoa,  Pa. 

Cyanide 

Roeiiler  ft  Haielaoher   Chamioal   Co.,    100 
William  St..  New  York  City. 

Cyanlding  Equipment 

Allie-Cbalmers  Mfg.  Co.,  Milwaukee.  Wie. 
Colorado  Iron  Works  Co.,  Denver,  Colo. 
Dorr  Co.,  Denver,  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  Qty. 
Traylor  Engineering  ft  Mfg.  Co.,  AUentown, 

Pa. 
Worthington  Pump  ft  Machinery  Corp*n., 

115  Broadway,  New  York  City. 

Dsad  Burned  Magnosite 

Harbison- Wslker  Refraotoriee  Co.,  Farmers' 
Bank  Bldg.,  Pittsburgh.  Pa. 

De  water  ers 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Dorr  Co^  Denver,  Colo. 
Traylor  Engineering  ft  Mfg.  Co.,  AUentown, 
Pa. 

Diamond  Drilling 

Longyear  Co.,   R.  J.,  710  Seourity  Bldg., 
MlnneapoUs,  Minn. 

Dredging  Machinery 

Flory  Mfg.  Co.,  S.,  Bangor,  Pa. 

Drill  Hole  Compass  (See  Compass,  Drill  Hole) 
Drills,  Core 

Lonjorear  Co.,  R.  J.,  710  Security  Bldg.. 

Minneapolis,  Minn. 
SulHvan  Machinery  Co.,  122  So.  Michigan 
Ave.,  Chicago,  lU. 

DriUa,  Diamond 

Lonjprear  Co.,.  E.  J..  710  Security  Bldg., 

Minneapolis,  Minn. 
Sullivan  Machinery  Co.,  122  So.  Michigan 

Ave.,  Chicago,  lU. 

Drills,  Electric 

Denver  Rock  Drill  Mfg.  Co.,  Denver,  Colo. 
General  Electric  Co.,  SchenecUdy,  N.  Y. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 
Ohio. 
Drills,  Hammer 

Denver  Rock  Drill  Mfg.  Co.,  Denver,  Colo. 
Sullivan  Machinery  Co.,  122  So.  Michigan 
Ave.,  Chicago,  111. 


Drills,  Prospecting 

koninery 
Ave..  Chicago,  111. 


Sullivan  Maohinerv  Co.,  122  So.  Michigan 


DrlUs.  Rock 

Denver  Rook  Drill  Mfg.  Co..  Denver.  Colo. 
Sullivan  Machinerv  Co.,  122  So.  Michigan 
Ave..  Chicago,  111. 

Dryers,  Coal 

Rugglea-Coles   Engineering  Co.,  50  Church 
St.,  New  York  City. 

Dryers,  Ore 

Ruggles-Coles  Engineering  Co..  50  Church 

St.,  New  York  dty. 
Traylor  Engineering  ft  Mfg.  Co.,  AUentown, 

Pa. 
Wedge  Mechanical  Furnace  Co.,  Greenwich 

Point.  Philadelphia,  Pa. 

Dryers,  Rotary 

FuUer-Lehigh  Co..  FuUerton.  Pa. 

Rugglee-C-oIes   Engineering  Co..  50  Church 
ST,  New  York  City. 


Dryers,  Sand  and  Gravel 

Maoleod  Co..  Bogen  St..  Cincinnati.  Ohio. 
Ruggles-Coles  Engineering  Co.,  SO  CfauiA 
bt..  Now  York  Qty. 

Damps,  Rotary 

Wood  Equipment  Co.,  MoCcrmlck  Bldf., 
Chicago,  ni. 

Dynamite 

Dq  Pont  de  Nemours  ft  Co.,  E.  I.,  Wihoiai- 
too,  Del. 

Dynamos  (See  Generators,  Electric) 

Electrical  Machinery 

General  Electric  Co.,  Schenectady,  N.  T. 
Westinghouse   Electric   ft    Mfg.  Co..  EmI 
PitUburgh,  Pa. 

Elevators,  Bucket 

Buchanan  Co.,  C.  G..  00  West  St..  Nev  Teik 

aty. 

Jeffrev  Mfg.  Co.,  002  N.  4th  St.,  Cduabaa 

Ohio. 
Mine  and  Smeltar  Supply  Co..  42  Brosdwir. 

New  York  City. 
Robins  Conveying  Belt  Co.,  Park  Rev  Bldg.. 

New  York  &ty. 
Traylor  Engineering  ft  Mfg.  Co.,  AUsatovs. 

Pa.  ^ 
Worthington   Pump  ft  Machinery  Cdrp'o., 

115  Broadway,  New  York  City. 

Emery  Ore 

Lavino  and  Co.,  E.  J.,  BuUiU  Bldg.,  Pliils- 
delphia.  Pa. 

End  Loaders  (See  Loaders,  Bad) 
Engines,  Gas  and  GasoUne 

AUis-Chahners  Mfg.  Co.,  MUwaukee.  Wh. 
Engines,  Haulage 

Holmes  ft  Bros.,  Inc.,  Robt..  90  N.  Hssel  St.. 
Danville,  lU. 
Engines,  Hoisting 

Flory  Mfg.  Co.,  8..  Bangor,  Pa. 

Holmes  ft  Bros..  Inc.,  Robt.,  80  N.  Hasd  BL, 

DanviUe,  lU. 
Vulcan  Iron  Works,  1744  Main  St.,  Wllkee> 
Barre,  Pa. 

Engines,  OU 

AUis-Chalmers  Mfg.  Co..  Milwaukee.  Wie. 
Worthington   Pump  ft   Machinery  Corp'n.^ 
115  Broadway,  New  York  Qty. 

Engines,  Steam 

AUis-Chalmers  Mfg.  Co.,  MUwaakec.  Wis. 

Explosives 

Du  Pont  de  Nemours  ft  Co.,  E.  I.,  WBmiBr 
ton.  Del. 


Fans,  Ventilating 

BV 

Ohio. 


Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  ColiuBlMii 


Vulcan  Iron  Works,  1744  Msin  8t.  WSkes- 
Barre.  Pa. 

Feeders,  Ore 

Buchanan  Co;,  C.  G.,  00  West  St.  Nev  York 

City. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  ColnmbosL 

Ohio. 
Mine  and  Smelter  Supply  Co..  42  Broedvay. 

New  York  City. 
Robins  Conveying  Belt  Co.,  Park  Row  BUg.. 

New  York  City, 
Traylor  Engineering  ft  Mfg.  Co.,  AOestoem. 

Pa. 

Ferro-Chrome 

Lavino  and  Co..  E.  J..  BuUitt  Bldg..  Pbil^ 
delphia.  Pa. 

Ferro-Manganese 

Lavino  and  Co..  E.  J.,  BuUitt  Bldg..  Fkilmr 
delphia.  Pa. 

Ferro-Molybdenum 

Lavino  and  Co.,  E.  J..  BulUtt  Bldg.. 

delphia.  Pa. 
Primos  Chemical  Co.,  Primes,  Pa. 
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Ferro-SUicon 

Larino  and  Co..  £.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Ferro-Tunciten 

LaTino  and  Co..  E.  J..  Bullitt  Bldg..  Phila- 
delphia. Pa. 
Primoa  Cnemieal  Co.,  Primoa.  Pa. 
Fvro-Vanadiam 

Primoa  Chemical  Co..  Primoa,  Pa. 
FQterinc  Paper 

Hal  Chemical  Co..  Henry.  210-214  8.  4ih  St., 
St.  Lottia,  Mo. 
FUtert 

Colorado  Iron  Worka  Co.,  Denver,  Colo. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 
Pa. 
Fire  Clav 

Haroiaon-Walker  Refraotoriea  Co.,  Farmers' 

Bank  Bldg..  Pittsburgh,  Pa. 
Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Flotatioii,  on 

Colorado  Iron  Works  Co.,  Denrer,  Colo. 
Flae  Welding  Machines 

Maeleod  Co..  Bogen  St.,  Cincinnati,  Ohio. 
Flnoreseent  Caldttm  Tuagstate 

Primoa  Chemical  Co.,  Primoa,  Pa. 
Ffaiorspar  (Domestic  and  Foreign) 

Larino  and  Co..  £.  J.,  Bulhtt  Bldg.,  Phila- 
delphia, Pa. 
Forges,  Oil  and  Rivet 

Maeleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Fecglnca,  HeaTv 

Holmes  ft  Bros.,  Inc.,  Robt.,  80  N.  Haael  St., 
DaoviUe.  Dl. 

Fttller  Mill  Pftrts 

Aroeriean  Manganese  Steel  Co.,  McCormiok 
Bldg.,  Chicago,  111. 
FaniaceSy  Assay 

Heil  Chemical  Co..  Henry,  210-214  S.  4th  St., 

St.  Lonia,  Mo. 
Maeleod  Co..  Bogen  St.,  CineinnatI,  Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 
Fnmaces,  BlectrIc 

General  Electric  Co.,  Schenectady,  N.  Y. 
Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis,  Mo. 
Furnaces.  Flue  Welding 

Maeleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
FumacM,  Oas 

Maeleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Fsmaces.  Lead 


ea* 
aold 


Maoleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Faniacea,  Mechanical  Roastin|; 

Allls-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 
Wedge  Mechanical  Furnace  Co.,  Qreenwich 

P^nt,  Philadelphia,  Pa. 
Worthington   Pump  ft  Machinery  Corp*n., 

lift  Broadway,  New  York  City, 
oas.  Muffle 
MflMieod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

SOU 
Bod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 
ce«|  Reverberatory 
Maeleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 


.  Smelting 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown. 


HM.W.  Tire  Heating 

Maoieod  Co.,  Bogen  St.,  dndnnati.  Ohio. 


JelTrcy  Bifg.  Co.,  902  N.  4th  St.,  Columbus, 
Ohio. 
Oaaormtors,  Acetylene  Welding  and  Cutting 
Maoieod  Co.,  Bogen  St..  Cincinnati.  Ohio. 

[Please  mention  this  BVLLanii 


Oonerators,  Electric 

Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 
General  Electric  Co..  Schenectady,  N.  Y. 
Westinghouae   Electric   ft    Mfg.   Co.,    East 
Pittsburgh,  Pa. 

Oriaders,  Sample 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engine«ring  ft  Mfg.  Co.,  Allentown, 

Pa. 

Grizzly  ft  Riffle  Bars  (For  Hydraalic  Mines) 

American  Manganese  Steel  Co.,  McCormiok 
Bldg.,  Chicago.  111. 
Gnns,  Cement 

Maeleod  Co.,  Qogen  St.,  Cincinnati,  Ohio. 
Guns,  Concrete 

Maeleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Gyratory  Crusher  Parts 

American  Manganeae  Steel  Co.,  MoCormick 
Bldg.,  Chicago.  III. 

Hangers,  Mine 

Johna-Manville    Co.,    H.  W.,  290  Madison 
Ave.,  New  York  City. 
Hitchiags  Mine  Car 

Maoomber  ft  Whyte.Rope  Co.,  Kenoeha,  Wis. 
Hoists,  Electric 

Allis-Chalm^rs  Mfg.  Co.,  Milwaukee.  Wis. 
Flory  Mfg.  Co..  S.,  Bangor,  Pa. 
General  ETleotric  Co.,  Sobeneetady,  N.  Y. 
Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus. 

Ohio. 
Vulcan  Iron  Works.  1744  Main  St..  Wilkee- 
Barre,  Pa. 
Hoists,  Skip 

Jeffrey  Mfg.  Co.,  902  N.  4th  St..  Columbus. 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown. 

Pa. 
Worthington   Pump  ft  Machinery  Corp'n., 
115  Broadway,  New  York  City. 
Hoists,  Steam 

Allls-Chalmert  Mfg.  Co.,  Milwaukee,  Wis. 

Flory  Mfg.  Co.,  S..  Bangor,  Pa. 

Holmes  ft  Bros.,  Ino.,  Robt.,  30  N.  Hasel  St., 

Danville,  111. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Sullivan  Machinery  Co.,  122  So.  hfiehlgan 

Ave.,  Chicago,  lU. 
Vulcan  Iron  Works,  1744  Main  St.,  Wilkee- 
Barre,  Pa. 
Hoppers,  Weigh 

Holmes  ft  Bros.,  Inc.,  Robt.,  30  N.  Hasel  St.. 
DanvUle,  111. 
Hose,  Air 

Denver  Rock  Drill  Mfg.  Co.,  Denver,  Colo. 
Goodrich  Rubber  Co..  B.  F.,  Akron,  O. 
Hydrated  Ferric  Oxide  (For  Gas  Purlflcatloa) 
Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  PhUa- 
delphia.  Pa. 

Hydraulic  Mining  Machinery 

Allis-Chalmers  Mfg.  Co..  Milwaukee,  Wis. 

Insulators,  Third  Rail 

Johna-Manville    Co.,    H.  W.,  290  Madison 
Ave.,  New  York  City. 

JackeU,  Water 

Traylor  Engineering  ft  Mfg.  Co.,  Allentown. 
Pa. 
Jaw  Crusher  Parts 

American  Manganese  Steel  Co.,  MoCormick 
Bldg.,  Chicago,  111. 

Allls-Chalmers  Mfg.  Co.,  Milwaukee,  Wla. 
Colorado  Iron  Works  Co..  Denver,  Colo. 
Mine  and  Smelter  Supply  Co..  42  Broadway, 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 


Worthington  Pump  ft  Machinery  Corp*n., 
115  Broadway,  New  York  aty. 
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Laboratorr  Sopidiot 

Hdl  Chemieal  Co.,  Henry.  210-314  8. 4th  St., 
St.  Louis.  Mo. 

Lampt,  Acetvlono 

Maolaod  Co.,  Bogen  St..  Cindnnati,  Ohio. 
Lamps,  Blectric 

General  Eleotrie  Co..  Soheneotady.  N.  T. 

WMtinsbouse   Eleotrio  A   Mfg.   Co..   Bast 
Pittsburgh,  Pa. 

Load  Acetate 

Hdl  Oiemieal  Co..  Henry,  210-214  8. 4th  St., 
St.  Louis,  Mo. 

Linings,  Ball  and  Tube 

Traylor  Engineering  A  Mfg.  Co..  AUentown, 
Pa. 

Linings,  Brake 

Johns-ManTille   Co.,    H. 
Ave.,  New  York  City. 

Litharge 
He 


W..  200  MadUon 


dl  Chemieal  Co.,  Henry.  210-214  S.  4th  St., 
St.  Louis,  Mo. 

Loaders.  Bnd 

Holmes  ft  Broe.,  Inc.,  Robt..  30  N.  Haiel  St., 
Danville.  111. 

Loading  Booms 

Jeffrev  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 
Ohio. 

Locomotives,  Compressed  Air 


ly.  I 

St., 


Wilkf 


General  Eleotrie  Co..  SoheneoUdy.  N.  Y. 
Vulcan  Iron  Works,  1744 
Barre,  Pa. 

Locomotives.  Blectric  Trolley 

General  BWtric  Co.,  Seheneotady.  N.  Y. 
J»g^  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 

Westinghouse  Electric  ft  Mfg.  Co.,  East 
Pittsburgh,  Pa. 

Locomotives,  Gasoline 

Vulcan  Iron  Works.  1744  Main  St.,  WUkca- 
Barre,  Pa. 

Locomotives.  Steam 

Vulcan  Iron  Works.  1744  Main  St..  Wilkca- 
Barre.  Pa. 

Locomotives,  Storage  Battery 

General  Eleotrie  Co.,  Scheneotody.  N.  Y. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 

Ohio. 
Weetlnghouse   Eleotrie   ft   Mfg.   Co.,   East 
Pittsburgh.  Pa. 

Low  Carbon  Ferro-Manganese 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Magnesia  Brick 

Harbison-Walker  Refractoriee  Co.,  Farmers* 
Bank  Bldg.,  Pittsburgh.  Pa. 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Magnesite  Cement 

Lavino  and  Co..  E.  J..  Bullitt  Bldg..  Phila- 
delphia, Pa. 

Magnesium  Metal  (Ingots  and  Powder.) 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg..  Phila- 
delphia, Pa. 

Magnetic  Pulleys  (See  Pulleys,  Magnetic) 

Manxanese  Dioxide  (Lump  and  Ground) 

Lavino  and  Co.,  E.  /.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Manganese  Ore 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Meters,  Blectric 

General  Electric  Co..  Schenectady.  N.  Y. 
Westinghouse   Electric   ft    Mfg.    Co.,   East 
PitUburgh,  Pa. 

Mica 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg..  Phila- 
delphia, Pa. 
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Mills,  Ball,  Tube  and  Pebble 

Allln-Chatmere  Mfg.  Co..  MUwaukee.W». 
CHialmers  ft  Williams.  Inc..  1465  Aniold  :k , 

Chicago  HeighU.  111. 
Colorado  Iron  Works  Co..  Denver.  Colo. 
FuUer-Lehif  h  Co.,  FuUerton,  Pa. 
Hardinge  C^onical  Mill  Co.,  120  Broedvay, 

New  York  City. 
Mine  and  Smelter  Supply  Co..  42  Brosdvty, 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  Alkntovn. 

Pa. 
Worthington  Pump  ft   Machinery  Corp'a.. 

llfi  Broadway.  New  York  aty. 

Mills,  Chilean 

Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wk 
Colorado  Iron  Works  Co.,  Denver,  Colo. 
Traylor  Engineering  ft  Mfg.  Co..  AOentova. 
Pa. 

Mills.  Stamp 

Allis-Chalmers  Mfg.  Co..  Milwaukee,  Wk 
Colorado  Iron  Works  Co..  Denver,  Colo. 
Traylor  Engineering  ft  Mfg.  Co..  AllentovB. 

P». 
Worthington  Pump  ft   Machinery  Orp's. 

115  Broadway.  New  York  City. 

Mine  Car  Hltchings  (See  Hitohings.  MiDo(^) 

Mining  Machinenr 

Cnalmers  ft  Williams,  Inc.,  1465  Amokl  ^ . 
Chicago  Heights.  III. 

Molybdate  of  Ammonia 

Primos  Chemical  Co.,  Primos,  Pa. 

Molybdate  of  Calcium 

Primos  Chemical  Co.,  Primos,  Pa. 

Molybdate  of  Soda 

Primos  Chemical  Co.,  Primos,  Pa. 

Molybdenum  Metal 

Primoa  Chemical  Co.,  Primos,  Pa. 

Molybdenum  Ore,  Buyers  of 

Primos  Chemical  C^..  Primoa,  Pa. 

Molybdic  Add 

Primos  Chemical  Co.,  Primos,  Pa. 

Motors,^  Blectric 

Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wli. 
General  Electric  Co..  Schenectady,  N.  Y. 
Mine  and  Smelter  Supply  Co..  42  Brctdety, 


New  York  City. 

-    ,. Sle 

Mttsburgh,  Pi 

Muffles 


Westinghouse    Electric   ft    Mfg.  Co.. 
Pittsburgh,  Pa. 


Mine  and  Smelter  Supply  Co.,  42  Broedny. 
New  York  City. 

Ore-Bedding  Systems 

Robins  Conveying  Belt  Co.,  Park  Rov  Bldg-. 
New  York  City. 

Ore  Handling  Machinery 

Jeffrey  Mfg.  Co..  902  N.  4th  St..  ColuDbas. 

Robins  Conveying  Belt  Co..  Park  Row  Bldg.. 


New  York 


eying 

aty. 


Ore  Milling  Machinery 

Colorado  Iron  Works  (3o.,  Denver.  Cole 
Mine  and  Smelter  Supply  Co..  42  Broedvay. 

New  York  City.  ^     . 

Worthington    Pump    ft  Maehinerj  (^orp  n- 

116  Broadway,  New  York  City. 

Ores,  Buyers  and  Sellers  of  ^ 

Yogelstdn  ft  Co..  Inc..  L.,  42  Browlway. 
New  York  City. 

Ozy-Acetylene  Apparatus  .  _. , 

Madeod  Co.,  Bogen  St..  andnnstl,  OMo. 

Packings,  Steam  _    ^^  ^-  ^^^^ 

Johns-Manville    Co..  H.  W..  296  Msdlson 

Ave..  New  York  City.  . 

Goodrich  Rubber  Co.,  B.  F..  Akron,  0. 
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Piinttng  Macbinos 

Madeod  Co..  Bogen  St.,  Cincinnati.  Ohio. 
Pfyt  Inaolatioaa 

Johna-Manville   Co..  H.  W..  200    MadlBon 
Are.,  New  York  City. 
Plate  Metal  Work 

Holmet  A  Broa.,  Ine.,  Robt.,  80  N.  Haiel  St.. 
DanviUe,  lU. 

Platiniim  WIra,  FoU  A  Ware 

HeQ  Chamiea]  Co..  Henry.  210-214  S.  4ih  St. 
St.  Louia,  Mo. 

•Pevdar,  Blaatinc 

Da  Pont  da  Nemoun  A  Co.,  E.  I..  Wilming- 
ton, DaL 
Pevdarad  Coal  Bqalpmant 

Fnller-Lahiah  Co^  Fullertoo.  Pa. 
Rucslaa-CoTee   Enaineering  Co.,  50  Church 
ST.  New  YorkOity. 

Povar  Tranamlaiioii  Machinery 

Jaffrey  Mfg.  Co.,  002  N.  4th  St..  Coiumbua. 

Traylor  Engineering  ft  Mfg.  Co.,  AUentown. 
Pa. 
Preaaaa,  Flltar 

Worthlngtoa  Pump  ft   Maohlnery  Corp'n.. 
116  Broadway,  New  York  aty. 

Fallajrs.  Magnetic 

Bnahanan  Co.,  C.  G..  00  Weat  St.,  New  York 

aty. 

Palverlsar  Parta 

Amarioan  Manganese  Steel  Co.,  MoCormiek 
Bldg.,  Chicago.  lU. 
PalYarlaara 

Hardinge   Conical    Mill  Co.,  120  Broadway, 

New  York  City. 
Hail  Chemieal  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louie,  Mo. 

Pal^afizara,  Coal  and  Coke 

Fnller-Lahigh  Co.,  Fullerton,  Pa. 

Jaffrepr  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 

Traylor  Engineering  ft  Mfg.  Co..  AUentown, 

Pa. 
PalYarlxara,  Ore 

Follar-Lehigh  Co.,  Fullerton,  Pa. 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  aty. 
Traylor  Engineering  ft  Mfg.  Co.,  AUentown, 

Pa. 
Worthington  Pump  ft  Machinery  Corp'n., 


limp 
116  Broadway,  New  York  City. 

imp 
116  Broadway,  New  York  aty.~ 


ipa*  Add 

Worthington  Pump  ft   Maohlnery  Corp'n., 


iM|Caatrlfngal 


lalmera  Mfg.  Co.,  Milwaukee,  Wis. 
W(»thlngton   Pump   ft   Machinery  Corp'n.. 
116  Broadway.  New  York  aty. 

Pomna,  Hydranllc  Presaure 

worthington  Pump  ft  Machinery  Corp'n.. 
116  Broadway,  New  York  City. 

Pnanmatic  Air  Lift 


Pamna.  Pnanmatic  Air  Lift 

SolllTan  Maohinerr  Co.,  122  So.  Michigan 
Are.,  Chicago.  ID. 


orthington  Pump  ft  'Machinery  Corp'n.. 
116  Broadway.  New  York  aty. 
Sand 


Pamga,  Power 
Wc 
] 
PvmM, 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  aty. 
Traylor  Englneenng  ft  Mfg.  Co.,  AUentown, 

Fa. 

Rnmaa^  BhiMng 

Worthington  Pump  ft   Machinery  Corp'n., 
116  Broadway,  New  York  aty. 


Stnfl 

imp 
116  Broadway,  New  York  aty. 


Worthingti 


on  Pump  ft  Maohlnery  Corp'n., 


Pnfli^a*  Track 

''orthington  Pump  ft   Machinery  Corp'n., 
r,  N«      "    ■ 


'«?i 


Pyromaterc 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louia.  Mo. 

Quarrying  Machinery 

SulUvan  Machinery  Co.,  122  So.  Michigan 
Ave.,  Chicago.  lU. 

Refractories 

Harbison-Walker  Refractories  Co.,  Farmers' 
Bank  Bldg..  PitUburgh,  Pa. 

Respirators 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  O. 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St. 
St.  Louia.  Mo. 

Revolving  Screen  Parts 

American  Manganeee  Steel  Co.,  McCormick 
Bldg..  Chicago.  111. 

Rock  Drill  Steel  (See  Steel,  DriU) 

Rods,  DrUl 

International  High  Speed  Steel  Co.,  00  Naa- 
sau  St..  New  York,  N.  Y. 

Roller  Mill  Parta 

American  Manganese  Steel  Co.,  McCormick 
Bldg.,  Chicago,  111. 

Rolla,  Cruahing 

Buchanan  Co..  C.  0.,  00  West  St..  New  York 

City. 
Chalmers  ft  WiUiams,  Inc..  1465  Arnold  St.. 

Chicago  Heighta,  111. 
Jefrre;r  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 

Ohio. 
Traylor  Engineering  ft  Mfg.  Co.,  AUentown, 

Pa. 
Worthington  Pump  ft  Machinery  Corp'n., 

116  Broadway,  New  York  City. 

Roofings,  Asbeatos  and  Rubber-type 

Jobns-Manville    Co.,    H.  W.,  200  Madiaon 
Ave..  New  York  City. 

Rope,  Wire 

Lescben  ft  Sons  Rope  Co.,  A..  020  N.  1st  St., 

St.  Louis.  Mo. 
Maeomber  ft  Whyte  Rope  Co..  Kenosha,  Wla. 
Roebling'a  Sons  Co.,  Joon  A.,  Trentop,  N.  J. 

Rope  Fastening^  Wire 

Maeomber  ft  Whyte  Rope  Co.,  Kenoeha,  Wla. 
RoebHng's  Sons  Co.,  John  A.,  Trenton,  N.  J. 

Rubber  Goods,  Mechanical 

Goodrich  Rubber  Co.,  B.  F.,  Akron.  O. 

Samplers,  Ore 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  AUentown » 

Pa. 
Worthington   Pump  ft  Machinery  Corp'n., 

116  Broadway,  New  York  City. 

Scoriflers 

HeU  Chemical  Co..  Henry.  210-214  S.  4th 
St.,  St.  Louia.  Mo. 
Screens.  Bar 

Holmes  ft  Bros..  Inc.,  Robt..  80  N.  Hasel  St., 
Danville.  111. 

Screens,  Perforated  Metal 

Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus, 
Ohio. 
Screens,  Revolving 

Buchanan  Co.,  C.  Q..  00  West  St.,  New  York 

aty. 

Chalmers  ft  WiUiams,  Inc.,  1465  Arnold  St., 

Chicago  Heights,  111. 
Colorado  Iron  Woriu  Co.,  Denver,  Colo. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 

Ohio. 
Mijie  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg., 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  AUentown, 

Pa. 


116  Broadway,  New  York  aty. 

IPleasa  mention  this  bullbtin 


Worthington   Pump  ft  Machinery  Corp'n. 
116  Broadway.  New  York  aty. 
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Screens,  Shaldsf 

Ghalmen  ft  Williuna.  Inc..  1465  Arnold  St., 

Chicago  Hdi^to,  111. 
Holmes  A  Broe.,  Inc.,  Robt.,  80  N.  Hssel  St.. 

DanTille.  111. 

Separators,  Manietic 

Buchanan  Co.,  C.  O.,  00  Weat  St.,  New  York 
City. 

Shaft  Sinking  and  Derelopment  Work 

Lonayear  Co..  E.  J.,  710  Security  Bldg.. 
MinneapoUs,  Minn. 

Sharpeners,  Drill 

Denver  Rook  Drill  Mfg.  Co.,  Denver,  Colo. 
Sullivan  Maohinery  Co.,  122  So.  Michicsn 
Ave.,  Chicago,  111. 

SUlca  Brick 

Harbison- Walker  Refractories  Co.,  Farmers' 
Bank  Bldg.,  PitUburgh,  Pa. 

Skip  Hoists  (See  Hoists,  Skip) 

Macomber  ft  Whyte  Rope  Co..  Kenosha,Wis. 

Roebling's  Sons  Co.,  John  A.,  Trenton,  N.  J. 
Smelters 

Vogelstein  ft  Co.,  Inc.,  L.,  42  Broadway, 
New  York  City. 

Smeltinji  Machinery 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
Colorado  Iron  Works  Co.,  Denver.  Colo. 
Tfaylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 
Worthington  Pump  ft  Machinery  Corp*n., 
lia  Broadway,  New  York  City. 

Soda  Ash 

Hwl  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis,  Mo. 

Spelter 

Illinois  Zinc  Co.,  Peru,  111. 

Spiogeleisen 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Sprockets 

Amenoan  Manganese  Steel  Co..  McCormxck 
Bldg..  Chicago.  IlL 

Stamp  Mill  Parts 

American  Manganese  Steel  Co..  McCormick 
Bldg..  Chicago.  111. 

SteeL  Drill.  Hollow  and  Solid 

Denver  Rock  Drill  Mfg.  Co.,  Denver.  Colo. 
International  High  Speed  Steel  Co.,  90  Nas- 

sau  St.,  New  York.  N.  Y. 
Sulhvan  Machinery  Co.,  122  So.  Michigan 

Ave.,  Chicago.  111. 

Steel,  Tool 

international  High  Speed  Steel  Co..  00  Nas- 
sau St..  New  York,  N.  Y. 

Stokers 

WesUnghouse  Electric  ft  Mfg.  Co.,-  Esst 
Pitteburgh.  Pa. 

Switchboards 

General  Electric  Co.,  Schenectady,  N.  Y. 
Westinghouse   Electric   ft   Mfg.   Co.,   Esst 
Pittsburgh,  Pa. 

Tables,  Concentrating  (See  Concentrators) 
Test  Lead 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis.  Mo. 

Thawers,  Switch 

Maoleod  Co..  Bogen  St.,  Cincinnati,  Ohio. 
Thermometers 

Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis,  Mo. 

Thickeners,  Slime 

Colorado  Iron  Works  Co.,  Denver.  O)lo. 
Dorr  Co.,  Denver,  O>lo. 

Tipple  Machinery  Equipment 

Jeffrey  Mfg.  Co.,.002  N.  4tb  St.,  Columbus, 
Ohio. 
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Torchea,  Cutting  and  Welding 

Maoleod  Co.,  Bogen  St.,  Cincinnati,  Oluo. 

Towers  and  Bridges,  Stoddng  and  Recjsimhn 

evil 
New  York  aty. 


Robins  Conveying  Belt  Co..  Park  Row  Bldg.. 


Agai 
Co.. 


Tkmmways,  Wire  Rope,  Aerial 

Leschen  ft  Sons  Rope  Co.,  A.,  020  N.  1st  St, 

St.  Louis.  Mo. 
Macomber  ft  Whyte  Rope  Co..  Eenoeha,Wis. 
Roebling's  Sons  Co..  Jonn  A.,  Trenton,  N.  J. 

Transformers,  Electric 

General  Electric  Co.,  Schenectady.  N.  7.    ^ 
Westinghouse  Electric   ft   Mfg.   O)..  Eait 
Pitteburgh,  Pa. 

Trapa,  Steam 

Johna-Manville  Co^  H.  W.,  206  BfidiMa 
Ave..  New  York  City. 

Tuagatate  of  Ammonia 

Primes  Chemical  Co.,  Primes,  Pa. 

Tnngstateof  Soda 

Primoa  Qiemical  Co.,  Primes,  Pa. 

Tungstan  Metal 
^Lavino  and  Co.,  E.  J.,  BuUiU  Bldg..  PhUft- 
delphia.  Pa. 
Primes  Chemical  Co..  Primes,  Pa. 

Tungsten  Ore 

lAvino  and  Co..  E.  J.,  BuIliU  Bldg.,  Phils- 
delphia.  Pa. 

Tungsten  Ore,  Buyers  of 

Primes  (Jnemical  Co.,  Primes,  Pa. 

Tunntic  Acid 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg..  Pbib- 

delphia.  Pa. 
Primos  Chemical  Co.,  Primoa,  Pa. 

Turbinea,  Hydraulic 

Allis-Chalmers  Mfg.  Co..  MUwankee,  Wis. 

Turbines,  Steam 

Allis-Chalmers  Mfg.  Co..  Milwsukee.  Wis. 
General  Electric  Co..  Schenectady.  N.  T. 
Westinghouse   Electric   ft   Mfg.  Co..  East 
Pitteburgh.  Pa. 

Valves,  Pump 

Goodrich  Rubber  Co..  B.  F.,  Akron,  O. 
Vanadate  of  Ammonia 

Primoa  Chemical  Co..  Primoa,  Pa. 
Vanadic  Acid 

Primos  Chemical  Co.,  Primoa,  Pa. 
Vanadium  Chloride 

Primos  Chemical  Co..  Primoa,  Pa. 
Vanadium  Ore,  Bnyera  of 

Primoa  Chemical  Co..  Primoa,  Pa. 
Ventilating  Fans  (See  Fana,  Ventilaliag) 

Wagon  Loadera 

Jeffrey  Mfg.  Co..  002  N.  4th  St.,  CohuBbs. 
Ohio. 
Weigh  Hoppers  (See  Hoppers,  Weigh) 

Wheels  . 

American  Manganese  Steel  Co.,  MeCoraiH 
Bldg..  Chicago,  IlL 

Wheels.  Mine  Car 

FuUer-Lehigh  Co..  Fullerton,  Pa. 

Wire,  Iron.  Steel  and  Copper 

Roebhng*a  Sons  Co..  John  A..  Trenton.  N.  J. 
Wire  Mechanism  (Lever  Control) 

GwiUiam  Ck>.,  253  W.  68th  St.,  New  York 

aty. 

Wire  Rope  (See  Rope,  Wire) 
Wires  and  (^bles.  Electrical 

(General  Electric  Co.,  Scheneetady.  N.  Y. 

Goodrich  Rubber  Ck>..  B.  F.,  Akron.  0. 

Roebling's  Sons  Co..  John  A.,  Trenton,  N.  J. 

Zinc  Dust 

Vogelstein  ft  Co.,  Inc..  L..  42  Broadway. 
New  York  aty. 

Zinc  Sheet 

Illinois  Zinc  Co..  Peru.  lU. 
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Bulletin  of  the 
American  Institute  of 
Mining  Engineers  * 


HE  BULLETIN  of  the  American  Institute  of 
Mining  Engineera,  the  officia'  publication  of  the 
Institute,  is  published  monthly  and  averages  260 
pages  each  issue. 

It  contains  the  first  publication  of  the  professional  and 
technical  papers  of  the  Institute,  notices  and  reports  of  meet- 
ings, timely  reports  of  the  activities  of  Engineers  in  general, 
especially  in  connection  with  governmental  work,  accessions 
of  books  to  the  Library,  and  other  current  news  and  technical 
material  of  interest  in  connection  with  mining  and  metallur- 
gical operations. 

The  circulation  of  each  issue  of  the  Bulletin  averages  7000 
copies,  including  the  entire  membership  of  the  Institute.  This 
distribution  ms^  be  justly  regarded  as  a  preferred  list  of  the 
leading  Mining  Engineers;  Mine  Managers;  Superintendents; 
Managers  of  ore  and  coal  dressing  mills,  and  of  smelting  and  re- 
fining plants;  Operating  Executives  of  steel,  copper,  and  other 
metal  plants;  Metallurgists;  Mining  Geologists;  and  others 
prominently  identified  with  the  entire  range  of  mining  and 
the  refining  of  all  varieties  of  mine  products. 

The  Bulletin,  aside  from  its  position  as  the  official  organ  of 
the  Institute,  has  a  special  field  of  service  in  that  it  is  the  only 
periodical  in  America  which  covers  all  phases  of  mining  activi- 
ties— ^metals,  both  ferrous  and  non-ferrous;  coal;  non-metallic 
minerals,  etc.  This,  combined  with  the  distinctive  character 
of  its  drcidation  and  the  purchasing  power  of  its  readers  makes 
the  Bulletin  an  exceptionally  effective  medium  in  which  to  ad- 
vertise mining  and  metallurgical  equipment  and  supplies. 


American  Institute  of  Mining  Engineers 


29  West  39th  Street, 


New  York,  N.  Y. 


[Flean  moition  tbl9  9X7i4Jmir  when  writing  adTMrtiMn.] 
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pAQt 

AUiB-Chalmera  BIfg.  Co.,  Milwaukee,  Wis * 

PRODUCTS:  Mining  Machinery  of  Every  Type.  CompleU  Power  end  Eleotrieel  Equip- 
mente. 

American  liffanganese  Steel  Co.,  McGonnick  Buflding,  Chicago,  111 * 

PRODUCTS:  Castinss  for  Mining  Machinery  PerU. 

Buchanan  Co.,  C.  G.,  90  West  St.,  New  York  City • 

PRODUCTS:  Crushins  and  Magnetic  Concentrating  Plants  Complete  in  All  DeUila.  Rock 
and  Ore  Cruahers.  Crushing  Rolls,  Magnetic  Separators,  Revolving  screens.  Backet  Elevatora. 
Ore  Feeders. 

Chalmers  &  Williams,  Inc.,  1465  Arnold  St.,  Chicago  Heights,  III 19 

PRODUCTS:  Mining  and  Crushing  Machinery. 

Colorado  Iron  Works  Co.,  Denver,  Colo Inside  Front  Cover 

PRODUCTS:  Complete  Equipment  for  Cyanide  and  Concentrating  Mills  and  Smelting  Plaoti. 

Deister  Concentrator  Co.,  Ft.  Wayne,  Ind * 

PRODUCTS:  Deister,  Overstrom  and  Deister-Overstrom  Tables  in  either  ffingle  or  Donbls 
Deck  Types. 

DonTer  Rock  Drill  BIfg.  Co.,  Denver,  Colo * 

PRODUCTS:  Air  and  Electric  Rook  Drills,  Drill  Sfaarpenera.  Manufacturers  of  "Wau^" 
and  "Denver"  Drills. 

Derby,  Jr.,  B.  L.,  Agent,  Ishpeming,  Mich U 

PRODUCTS:  The  Maas  Drill  Hole  Compass  for  deUrmining  direction  and  dip. 

Dorr  Co.,  Denver,  Colo * 

PRODUCTS:  Machinery  in  use  for  Cyanidinfc.  Wet  Gravity  Concentration.  Flotalbn, 
Leaching  Copper  Ores  and  many  non-metallurgical  industrial  processes. 

Du  Pont  de  Nemours  &  Co.,  E.  L,  Wilmington,  Del 9 

PRODUCTS:  Explonves,  Blasting  Powder,  Dynamite,  etc. 

Flory  Mfg.  Co.,  S.,  Bangor,  Pa * 

PRODUCTS:  Mine  and  Contractors'  Hoists,  Cableways,  Capstans.  Winches.  Marine 
Railway  Hoists,  etc. 

FttUer-Lehigh  Co.,  Fullerton,  Pa 27 

PRODUCTS:  The  Fuller-Lehigh  Pulveriser  Mill.  Cement  Mill  Machinery,  Powdered  Goal 
Equipment,  Gyratory  Crushers,  Roll  Crushers,  Rotanr  Dryers,  Car  Wbeela  and  Asks, 
Chemical  Castings,  Charcoal  Iron  Castings,  Chilled  Castings. 

General  Electric  Co.,  Schenectady,  N.  Y Outside  Back  GoTer 

PRODUCTS :  Electric  Mine  Locomotives.    Electric  Motors  for  Operating  Mining  Machinsiy. 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  O * 

PRODUCTS:  Goodrich  "Longlife."  "Dredge,'*  Vanner,  Take-off  and  Magnetic  Separator 
Conveyor  Belts. 

Gwilliam  Co.,  253  West  58th  St.,  New  York  City ; * 

PRODUCTS:  Ball  and  Roller  Bearinn.  The  Bowden  Patent  Wire  Mechaniaai  for  Hm 
Transmission  of  Reciprocating  Motion  Through  a  Flexible  and  Tortuous  Route. 

Harbison -Walker  Refractories  Co.,  Pittsburg,  Penna. * 

PRODUCTS:  Refractories  for  Blast  Furnace  and  the  Open  Hearth,  Electrical  Fumaesa 
Copper  Smelting  Plants.  Lead  Refineries.  Nickel  Smelters,  Silver  Slimes  and  Dross  Fumaecs, 
Alloy  Furnaces,  as  well  as  all  other  types  in  use  in  the  various  metallurgical  pror  nsswi. 

Hardinge  Conical  Mill  Co.,  120  Broadway,  New  York 44 

PRODUCTS:  Manufacturers  of  the  Hardinge  Conical  Ball  MUl. 

Hett  Chemical  Co.,  Henry,  210-214  S.  4th.  St.,  St.  Louis,  Mo * 

PRODUCTS:  Chemicals  and  Chemical  Apparatus.  Supplies  for  Mines,  Smelters,  Irso 
and  Steel  Works,  Schools,  Colleges,  and  Umversities. 

Holmes  &  Bros.,  Inc.,  Robt.,  30  N.  Hazel  St.,  Danville,  111 15 

PRODUCTS:  En^neers,  Founders,  Machinists  and  Boiler  Makers.  Builders  of  HoistiBS 
and  Haulage  Engines.  Shake  Screens  and  Weigh  Hoppers,  Self  Dumping  Cages  and  Bmply 
Car  Lifts,  Mill  and  Mine  Supplies. 

Illinois  Zinc  Co.,  Peru.  Ill -. * 

PRODUCTS:  Spelter,  Sheet  Zinc  and  Sulphuric  Acid. ! 

International  High  Speed  Steel  Co.,  99  Nassau  St.,  New  York  City 7 

PRODUCTS:  Drill  Steel,  Tool  Steel,  Drill  Rods. 

*  Advertisement  does  not  appear  in  this  issue,  but  products  are  listed  in  Classified  Lial  ef  IftaiBt 
and  Metallurgical  Equipment. 
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Jeffrey  Mfg.  Co.,  002  N.  Fourth  St.,  ColumbuB,  0 13 

PRODUCTS:  Blectrio  Coal  Cutters  and  Drills;  Electrio  snd  Storage  Battery  Locomotives; 
Coal  Tipple  Machinery  including  Elevators.  Conveyors,  Pioking  Tables  and  Loading  Booms, 
Car  Hauls,  Car  Dumps,  Screens,  Crushers,  Fulverisers,  Fans,  Hoists,  etc. 

lohni-MaiiTfflo  Co.,  H.  W.,  New  York  City 31 

PRODUCTS:  Asbestos  and  Rubber-type  Roofings.  Roof  Coating,  Steam  Packings,  Pipe 
Insulations,  Cements,  Brake  Lining  and  Brake  Blocks,  Steam  Traps,  Third  Rail  Insulators, 
Mme  Hangers,  Moulded  Mica  Weatherproof  Sockets,  £lleetrieal  Tapes  and  Fuses. 

Uvino  &  Co.,  E.  J.,  Bullitt  Bldj?.,  PhOadelphia,  Pa ♦ 

PRODUCTS:  Ores:  Manganese,  Chrome,  Iron,  etc.     Ferro  Alloys  and  Metals.    Pig  Iron. 

leschen  dt  Sons  Rope  Co.,  A.,  8t.  Louk,  Mo * 

PRODUCTS:  Wire  Rope  for  all  purposes,  including  Hercules  Red  Strand  Wire  Rope,  and 
Wire  Ropes  of  Patent  Flattened  Strand  and  Locked  Coil  constructions.  Aerial  Wire  Rope 
Thimways  for  economical  transportation  of  material. 

lonnjeMi  Co.,  E.  J.,  710  Security  Bldg.,  Minneapolis,  Minn "* 

PRODUCTS:  Contract  Diamond  Drilling.  Manufacture  of  Diamond  Drills  and  Supplies, 
ffltaft  Sinking  and  Development  Work,  Geological  Department. 

MMcleod  Co.,  Began  St.,  Cincinnati,  Ohio , * 

PRODUCTS:  Oxy-Acetylene  Cutting  ft  Welding  Apparatus  for  mine  repaiifwork,  also  port- 
able oil  burners  for  same  purpose,  metallurgical  furnaces,  carbide  lights,  and  sand  blast  outfits. 

Ktcomber  &  Whyte  Rope  Co.,  Kenosha,  Wis 17 

PRODUCTS:  Monarch  Whvte  Strand  Wire  Rope,  Patent  Kilindo  Non-Rotating  Wire  Rope. 
Wire  Rope  of  all  Grades  and  Constructions.    Patent  Monarch  Mine  Car  Hitchings. 

Mine  St  Smelter  Supply  Co.,  42  Broadway,  New  York  City 21 

PRODUCTS:  Manufacturers  of  Mining,  Milling,  Smelting  and  Crushing  Machinery. 

?nmoB  Chemical  Co.,  Primos,  Pa "* 

PRODUCTS:  Molybdenum,  Tungsten  and  Vanadium  Products.  Buyers  of  Molybdenum, 
Tungsten  and  Vanadium  Ores. 

tobins  CoDYeybig  Belt  Co.,  Park  Row  Bldg.,  New  York  City * 

PRODUCTS:  Belt  Conveyors,  Bucket  Elevators,  Ore  Bedding  Systems,  Unloading,  Stocking 
and  Reclaiming  Towers  and  Bridges,  Conveyor  Auxiliaries. 

ko€hUng*s  Sons  Co.,  John  A.,  Trenton,  N.  J * 

PRODUCTS:  Wire  Rope  for  MiningJWork.  Stock^shipments  from  agencies  and  branches 
throughout  the  country. 

ioeBsier  A  Hasslacher  Chemical  Co.,  100  William  St.,  New  York 29 

PRODUCTS:  Cyanide  of  Sodium  and  Other  Chemicals  for  Mining  Purposes. 

ftnggles-Coles  Engineering  Co.,  50  Church  Street,  New  York. .  .Inside  Back  Cover 

PRODUCTS:  Manufacturers  of  the  Ruggles-Coles  Dryer  for  All. Materials.    Powdered  Coal 
Equipment. 

InlliTan  Macbinery  Co.,  122  S.  Michigan  Ave.,  Chicago,  111 * 

PRODUCTS:  Coal  Pick  Machines.  Air  Compressors,  Diamond  Core  Drills,  Rock  Drills,  Ham- 
mer Drills,  Mine  Hoists,  Chain  Cutter,  Bar  Machines,  Fans. 

Ihiylor  Engineering  ft  Mfg.  Co.,  Allentown,  Pa 23 

PRODUCTS:  Manufacturers  of  .Mining,  Milling,  Smelting*and  Crushing  Machinery. 

^ogelstein  &  Co.,  Inc.,  L.,  42  Broadway,  New  York * 

PRODUCTS:  Buyers,  Smelters  and  Refiners  of  Ores'and  Metals  of  all  classes. 

^olcan  Iron  Works,  Wilkes-Barre,  Pa 5 

PRODUCTS:  Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Hoisting  and  Haulage  Engines, 
Mtntng  Maohinery,  etc.    Nicholson  Device  for  Prevention  of  Overwinding. 

fedge  Mechanical  Furnace  Co.,  Greenwich  Point,  Philadelphia,  Pa * 

PRODUCTS:  The  Wedge  Mechanical  Roasting  Furnace  (Patented). 

festinghottse  Electric  &  Mfg.  Co.,  East  Pittsburgh,  Pa * 

PRODUCTS:  The  Baldwin-WesUnghouse  Electric  MineSLocomotives.  Electrical  Machin- 
ery: Turbines,  Generators,  Motors,  etc. 

food  Equipment  Co.,  McCormick  Bldg.,  Chicago,  111 * 

PRODUCTS:  The  Pneumatic  Rotary  Dump  (Wood  and  Ramsay? Patents).  Adaptable  to 
mM  mining  conditions — old  or  new  operations. 

^ortiiington  Pomp  and  Machinery  Corp'n,  115  Broadway,  New  York ^.  25 

PRODUCTS:  Laidlaw  Feather  Valve  Air  Compressors,  Direct  Acting  and  Centrifugal 
Pomps.  Power  Pumps.  Rock  and  Ore  Crushers,  Crushing  Rolls,  Tube  Mills,  Converters. 
Woodbury  Jige,  Snow  Oil  Engines.  

•  Advertiseinont  does  not  appear  in  this  issue,  Wt  productsrare  listed  in  Classified.  List  of  Mining 
d  Metallorgiical  Equipment. 
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San  JTrancleco,   Calif*, 
January  Z.   1919 • 

Mr#   James  Hunter,  Mgr^ 
Lowgrade  Mines, 
Hatfield,   lievada* 

Dear  Sir:- 

I  have  investigated  the  Ball  Mill 
praotioe  at  the  Engels  Copper  Mining  Go's 
mill,  Paxton,  Calif*  and  find  the  Hardinge 
Hills  are  giving  very  satisfactory  aer^. 
vioe* 

Three  Conical  Mills  are  installed 
and  a  fourth  is  on  order;  the  first  was 
trial  mill  installed  the  early  part  o: 
iyi7  ..  iiinoe  then  at  intervals  of  7  mo8« 
repeat  orders  were  given  for  three  addl. 
tional  Hardinge  Mills* 

In  order  to  pay  dividends  to  our 
stockholders,  our  milling  costs  must  be 
a  minimum.   I, therefore,  endorse  your  re- 
commendation for  the  purchase  of  Hardinge 
Ball  Mills* 

The  Engels  Co.  apparently  have 
proven  the  superiority  of  Hardinge  Con- 
ical Mills  and  I  suggest  you  or  any  others 
interested  in  low  milling  costs  obtain 
complete  Ball  Mill  data  and  quotations 
from  the  Hardinge  Mill  Co.,  who  have  of- 
fices in  New  York,  Salt  lake,  Denver  and 
London. 

Yours  very  truly, 

John  H.  Browne,  Pres. 


Mr.  Hunter  and  Mr.  Brown  are  fictitious  persons  and  this 
letter  is  composed  by  us  to  show  the  work  of  the  Hardinge 
Mill  at  the  Engels  Copper  Co. 

HARDINGE  CONICAL  MILL  COMPANY. 

120  BROADWAY,  NEW  YORK. 


W4) 
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Rugglcs-Colcs  Dryers 


FOR  ORES,  CONCENTRATES,  COAL, 
SAND,  STONE,  ETC.  THEY  WILL  BURN 
LESS  FUEL  THAN  ANY  OTHER  TYPE 
AND  ARE  BUILT  TO  STAND  UP  UNDER 
THE  SEVEREST  USE. 


DOUBLE  SHELL  AND  SINGLE  SHELL 
DIRECT  HEAT,  INDIRECT  HEAT  AND 
STEAM  DRYERS. 


Rujgles-Coles  Engineering  Co. 

50  Church  Street,     -    -    -    NEW  YORK 

WORKS.  YORK.  PENNA. 


Most  Ore  Hauled — 

by  Corre^ly  Sele&ed  Locomotires 

We  will  take  your  complete  service  data  and  prescribe  the 
exact  locomotive  to  meet  maximum  tonnage  conditions. 
Our  many  standard  types  of  locomotives  and  our  extensive 
experience  make  this  possible. 

For  gathering  service  we  have  cable  reel  and  storage  battery 
or  combination  types  that  automatically  change  from  trolley 
to  battery  or  vice  versa. 

For  haulage  work  we  have  trolley  types  that  embody  all 
the  good  and  reliable  features  found  in  modem  mine  loco- 
motives. The  combination  represents  yeat^  of  expeinence 
on  the  part  of  competent  designing  engineers  working  in 
conjunction  with  the  best  talent  in  the  operating  field. 

Electric  locomotives  are  more  easily  controlled,  more  reliable 
in  operation  and  will  haul  more  cars  per  trip  and  more  trips 
per  day  than  any  other  type.  The  first  G-E  electric  loco- 
motive, built  a  quarter  of  a  century  ago,  is  still  in  successful 
Operation. 

General^    v  Electric 

General  Office     rf-( i_-i_  :! SchenecUdyNH 


Company 


JUL    28  1922 
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AVOID 


DUST  LOSSES 
EXCESSIVE  LABOR 


The  drying  of  very  fine,  clayey,  materials  has 
heretofore  entailed  high  labor  cost,  and  been 
accompanied  by  heavy  loss  through  dusting. 
With  flotation  concentrates,  for  example,  the 
actual  money  loss  through  dusting  alone  might 
easily  exceed  the  entire  cost  of  drying  with 

The  Lovvden  Dryer 

This  machine  was  developed  for  just  such 
conditions,  and  it  most  emphatically 

Has  Made  Good 

It  successfully  handles  the  stickiest  of  ma- 
terials without  clogging,  and  with  negligible 
dusting. 

If  you  have  a  drying  problem,  send  us  the 
particulars  and  permit  us  to  show  you  how 
we  believe  you  can  solve  it  in  a  thoroughly 
satisfactory  manner. 

\  Pamphlet  32  describes  it. 


Colorado  Iron  Works  Co* 


Ore  Milling  Machinery  and  Smelting  Equipment  Since  1800 

Denver,  Colo.,  U.  S.  A. 


NEW  YORK  OFFICE 
30  Church  Street 
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PROCEEDINGS  OF  THE  119TH  MEETING 

From  the  beginning  to  the  end,  the  attendance  and  enthusiasm  of  the 
I19th  meeting,  which  was  held  in  New  York,  Feb.  17  to  20,  surpassed 
all  exp>ectations.  Besides  the  ten  technical  sessions,  one  of  which  was 
in  conjunction  with  the  American  Institute  of  Electrical  Engineering 
and  one  a  session  of  the  National  Research  Council,  there  were  two 
memorial  meetings,  one  for  Dr.  Raymond  and  one  for  the  members  who 
died  in  service;  two  joint  sessions  with  the  Canadian  Mining  Institute; 
and  a  meeting  devoted  to  pictures  of  copper  mining,  milling,  and  smelt- 
ing. Of  the  732  persons  registered,  119  registered  in  the  Institute  of 
Metals  Division. 

Monday's  sessions  were  devoted  to  the  problems  of  industrial  organi- 
sation, the  Institute  of  Metals  Division,  and  to  petroleum  and  gas. 
Imong  the  special  features  of  these  sessions  were  the  topical  discussions  on 
lousing  and  Americanization.  Americanization,  too,  was  the  topic  for 
iiscussion  by  the  Woman^s  Auxiliary  Wednesday  morning. 

On  Tuesday,  nearly  100  members  of  the  Canadian  Mining  Institute 
were  present  to  discuss  the  possibility  of  bringing  about  uniform  mining 
aws  for  the  United  States,  Canada,  and  Mexico,  to  obviate  the  maintain- 
Qg  separate  legal  departments  and  managerial  forces  for  the  several 
ountries;  and  to  avoid  the  confusion  which,  it  is  said,  has  led  to  a  duplica- 
ion  of  effort  and  has  sometimes  created  a  barrier  to  international  co- 
peration  in  mining.    Among  the  Canadian  delegation  were  D.  B. 

« « • 
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Dowling,  President  of  the  Canadian  Institute;  John  McLeish,  Statisti- 
cian in  the  Department  of  Mines;  0.  S.  Finnic,  Mining  Engineer  in  the 
Department  of  the  Interior;  H.  H.  Rowatt,  Controller  in  the  Department 
of  the  Interior:  and  Colonel  Machin,  of  the  Department  of  Justice, 

Wednesday  was  devoted  to  the  work  of  the  National  Research  Coun- 
cil, which  occupied  the  entire  day  and  not  only  the  morning  as  was 
planned;  to  the  problems  of  mining,  milling,  and  geology;  and  to  the 
study  of  welding  problems,  together  with  the  American  Institute  of 
Electrical  Engineers.     In  all  cases  the  discussion  was  most  animated. 

The  committees  in  charge  of  the  arrangements  were  as  follows: 

Committee  on  Arrangements  and  Reception. — Allen  H.  Roqebs,  Chamnan; 
Walter  S.  Dickson,  Secretary;  S.  H.  Ball,  G.  D.  Barron,  H.  W.  Hardinge,  P.  W. 
Henry,  Mrs.  Sidney  J.  Jennings,  J.  E.  Johnson,  Jr.,  A.  C.  Ludlum,  E.  P.  Math- 

EWSON,  P.  A.  MOSMAN,  H.  C.  PARMBLEE,  F.  T.  RUBIDGE,  FOREST  RUTHERFORD. 

Finance  Committee. — George  D.  Barron,  Chairman;  J.  Parke  Channiko, 
Walter  Douglas,  James  Gayley,  J.  H.  Janeway,  C.  F.  Kelley,  W.  H.  Nichols. 
Jr.,  W.  W.  Mein,  William  L.  Saunders. 

Excursion  Committee. — P.  W.  Henry,  Chairman;  J.  E.  Johnson,  Jr. 

Banquet  Committee. — A.  C.  Ludlum,  Chairm^;  F.  T.  Rubidge,  E.  B  Stubgis. 

Luncheon  Committee. — P.  A.  Mosman,  Chairman;  E.  Maltby  Shipp,  C.  A.  Bohs. 

Automobile  Committee. — H.  W.  Hardinge,  Chairman. 

Entertainment  Committee. — E.  P.  Mathewson,  Chairman;  Lawrence  Addigbs, 
Lucius  W.  Mayer. 

Tellers, — For  Officers. — W.  S.  Dickson,  H.  N.  Spicer,  William  Young  Westeb- 
VELT.    For  Proposed  Amendment. — C.  Q.  Payne,  R.  C.  Warriner,  A.  D.  Beers. 

NEWLY  ELECTED  OFFICERS  OF  THE  INSTITUTE 

The  following  officers  were  elected:  Horace  V.  Winchell,  of  Minne- 
apolis, President;  Vice-presidents:  Edwin  Ludlow,  Lansford,  Pa.;  A.  R. 
Ledoux,  New  York;  Directors:  J.  V.  W.  Reynders,  New  York;  George  D. 
Barron,  Rye,  N.  Y.;  Charles  F.  Rand,  New  York;  Louis  S.  Gates,  Ray, 
Ariz.;  Stanley  A.  Easton,  Kellogg,  Idaho. 

CHANGE  IN  NAME  OF  THE  INSTITUTE 

By  a  letter  ballot  of  the  members  of  the  Institute,  as  reported  by  the 
tellers  and  announced  by  the  President  at  the  annual  business  meeting 
of  the  Institute  on  February  18,  1919,  the  name  of  the  American  Insti- 
tute of  Mining  Engineers  has  been  changed  to  the  American  Institute  of 
Mining  and  Metallurgical  Engineers.  The  vote  for  the  amendment  to 
the  Constitution  making  this  change  was  a  heavy  one  for  such  matters, 
showing  the  very  wide  and  deep  interest  taken  by  the  members  in  this 
vital  change.     The  actual  count  was  1274  for  and  672  againsf . 

It  is  the  consensus  of  opinion  that  this  marks  an  epoch  in  the 
history  and  usefulness  of  this  Institute,  and  it  is  expected  that  the 
change  will  presage  a  large  and  healthy  growth  in  metallurgical  fields. 
Many  metallurgists  who  knew  nothing  about  mining  were  loath  to  ]<nsL 
a  society  of  mining  engineers,  despite  the  fact  that  over  35  per  cent,  of 
the  papers  published  in  our  Transactions  during  the  past  five  years  have ; 
dealt   with   metallurgical   subjects. 

The  choice  of  the  name  to  be  balloted  for  had  been  made  by  pbpiiht  i 
canvass  and  has  the  double  advantage,  much  to  be  desired,  of  ret&iniafj 
the  word  Engineers  and  maintaining  the  former  initials  of  the  InstitutQ;J 
A.  I.  M.  E.  This  change  will  doubtless  make  the  Institute  the  meism 
lurgical  society  of  the  country  as  it  has  been  the  mining  society.  | 
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CANADIAN  MINING  INSTITUTE  DAY 

Four  joint  discussions  formed  the  program  of  the  sessions  with  the 
Canadian  Mining  Institute  on  Tuesday.  T.  W.  Gibson,  the  repre- 
sentative of  the  Canadian  Mining  Institute,  opened  the  discussion  on 
the  subject  of  "Principles  of  Mine  Taxation"  the  American  Institute 
was  represented  by  Ralph  Arnold,  of  the  United  States  Treasury  Depart- 
ment. Later,  Alfred  G.  Heggem,  of  Tulsa,  Okla.,  cited  an  instance 
in  which  a  high  rate  of  taxations  decreased  the  Government's  revenue 
by  retarding  the  transfer  of  property.  The  second  discussion  in  the 
morning  was  on  the  subject  **  Industry  Democracy,  and  Education." 
C.  V.  Corless,  represented  the  visitors  and  President  Jennings  the 
Americans.  During  the  latter  part  of  this  discussion,  D.  B.  Dowling, 
President  of  the  Canadian  Mining  Institute  presided. 

In  the  afternoon,  Mr.  T.  A.  Rickard,  of  San  Francisco,  Cal.,  opened 

the  discussion  by  a  paper  entitled  "The  English-speaking  People." 

He  was  followed  by  Dr.  A.  R.  Ledoux,  of  New  York,  who  gave  a  brief 

talk  on  "International  Cooperation."     In  it  he  spoke  of  the  necessity 

of  closer  cooperation,  also,  with  Mexico.     President  Jennings  later  said 

that  he  is  planning  a  trip  to  Mexico,  when  he  expects  to  meet  with  the 

Local  Section  in  Mexico,  at  which  time  he  hopes  to  initiate  some  discussion 

of  problems  that  confront  the  American  engineer.     The  question  of  a 

uniform  mining  law  for  North  America  provoked  considerable  discussion. 

While  most  of  the  talk  was  confined  to  the  various  Canadian  laws,  the 

possibilities  of  uniform  laws  with  Mexico  and  Central  America  were  also 

considered. 

TECHNICAL  SESSIONS 

Institute  of  Metals  Division 

One  session  of  the  Institute  of  Metals  Division  was  held  on  Monday 
ztoming,  Feb.  17,  Mr.  W.  M.  Corse  presiding.  The  following  papers 
rere  presented : 

Effect  of  Temperature,  Deformation  and  Grain  Size  on  the  Mechanical  Properties 
d  Metals.  By  Zay  Jeffries.  (Presented  by  the  author;  discussed  by  C.  H.  Mathew- 
on,  P.  D.  Merica,  S.  L.  Hoyt,  and  the  author.) 

Volatilization  of  Cuprous  Chloride  on  Melting  Copper  Containing  Chlorine. 
Jy  8.  SkowTOQski  and  K,  W.  McComas.     (Presented  by  Mr.  Skowronski.) 

Automatic  Copper  Plating.  By  J.  W.  Richards.  (Presented  by  the  author; 
iscussed  by  A.  Silverman.) 

Two  Infiuuices  of  Mobility  of  Gold  in  the  Solid  State.  By  E.  Keller.  (Presented 
f  title.) 

First  Year  of  Leaching  by  the  New  Cornelia  Copper  Co.  By  H.  A.  Tobelmann  and 
.  A.  Potter.     (Presented  by  title;  written  discussion  by  C.  A.  Rose.) 

Die  Casting  and  Their  Application  to  the  War  Program.  By  Charles  Pack. 
Presented  by  title;  written  discussion  by  Jesse  L.  Jones.)  \ 

£3ectric  Furnace  Problems.     By  J.  L.  McK.  Yardley.     (Presented  by  title.) 


The  second  session  was  held  on  Monday  afternoon,  Feb.  17,  Mr. 
rUliain  B-  Price  presiding.    The  following  papers  were  presented: 

Comparison  of  Grain-size  Measurements  and  Brinell  Hardness  of  Cartridge  Brass. 
f  W.  H.  Baasett  and  C.  H.  Davis.  (Presented  by  Mr.  Bassett;  written  discussions 
r  W.  R.  Hibbard,  Arthur  Phillips,  C.  H.  Mathewson,  W.  H.  White,  W.  B.  Price.) 

Manganese  Bronze.  By  P.  E.  McKinney.  (Presented  by  the  author;  discussed 
^  E.  P.  Ross,  G.  H.  Clamer;  written  discussions  by  Jesse  L.  Jones,  W.  M.  Corse.) 
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Metals  and  Alloys  from  a  Colloid-chemical  Viewpoint.  By  Jerome  Alexander. 
(Presented  by  the  author;  written  discussion  by  W.  D.  Bancroft.) 

Standards  for  Brass  and  Bronze  Foundries  and  Metal-finishing  Processes.  By 
Lillian  Erskine.     (Presented  by  W.  M.  Corse.) 

Industrial  Organization 

A  session  on  Industrial  Organization  was  held  on  Monday  morning. 
Feb.  17,  Mr.  B.  F.  Tillson  presiding,  at  which  the  following  paperswere 
presented : 

Employment  of  Mine  Labor.  By  H.  M.  Wilson.  (Presented  by  the  author; 
discussed  bv  C.  W.  Goodale,  M.  D.  Cooper,  B.  F.  Tillson,  E.  A.  Holbrook;  written 
discussions  by  W.  D.  Brennan,  W.  L.  Clark,  and  R.  R.  Goodrich.) 

Use  of  Cripples  in  Industry.     By  J.  P.  Munroe.     (Presented  by  the  author.) 

Mental  Factors  in  Industrial  Organization.  By  T.  T.  Read.  (Presented  by  the 
author.) 

Prevention  of  Dlness  Among  Employees  in  Mines.  By  A.  J.  Lanza.  (Presented 
by  the  author;  discussed  by  C.  W.  Goodale,  B.  F.  Tillson,  H.  M.  WDson,  and  the 
author;  written  discussions  by  C.  £.  Calvert  and  J.  J.  Camgan.) 


A  second  session  on  Industrial  Organization  was  held  on  Monday 
afternoon,  Feb.  17,  with  Mr.  T.  T.  Read  in  the  chair.  The  following 
papers  were  presented : 

Mental  Tests  in  Industry.  (Presented  by  Robert  M.  Yerkes;  discussed  by  Major 
Yerkes,  Bradley  Stoughton,  B.  F.  Tillson.) 

Need  for  Vocational  Schools  in  Mining  Communities.  By  J.  C.  Wright  (Pre- 
sented by  the  author;  discussed  by  Marguerite  Jordan.) 

.  Professional  Lecture — U.  S.  Employment  Service.     By  I.  W.  Litchfield. 

Topical  Discussion  on  Housing.  The  speakers  were  D.  Eppelsheimer  and  Laurence 
Veiller. 

Topical  Discussion  on  Americanization.  The  speakers  were  A.  J.  Beatty  and 
W.  C.  Smith. 

Petroleum  and  Gas 

On  Monday  afternoon,  Feb.  17,  there  was  a  session  on  Petroleum  and 
Gas.    Capt.  A.  F.  Lucas  presided,  and  the   following  papers  were 
presented : 

Water  Troubles  in  the  Mid-continent  Oil  Fields,  and  Their  Remedies.  By  Dorecy 
Hager  and  G.  W.  McPherson.     (Presented  by  title.) 

Natural-^as  Storage.     By  L.  S.  Panyity.     (Presented  by  the  author.)         . 

Economic  and  Geologic  Conditions  Pertaining  to  the  Occurrence  of  Oil  in  «* 
North  Argentine-Bolivian  Field  of  South  America.  By  S.  C.  Herold.  (Preaented 
by  the  author.) 

Petroleum  Hydrology  Applied  to  Mid-Continent  Field.  By  R.  0.  Neal.  ("^ 
sen  ted  by  title;  written  discussion  by  G.  Sherburne  Rogers.) 

Cement  Plugging  for  Exclusion  of  Bottom  Water  in  the  Augusta  Field,  Kansa*- 
By  II.  R.  Shidel.     (Presented  by  title.) 

Session  with  Canadian  Mining  InstUule 

On  Tuesday,  Feb.  18,  known  as  Canadian  Mining  Institute  D*3 
three  discussions  took  place,  as  follows: 

Principles   of  Mine   Taxation.     President   Sidney  J.  J< 
A.  I.  M.  E.,  presided.     Mr.  T.  W.  Gibson,  Canadian  Mining  Institutt 
opened  the  discussion,  and  was  followed  by  Mr.  Ralph  Arnold 
Mr.  A.  G.  Heggera,  A.  I.  M.  E. 
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Industry,  Demogract  and  Education.  President  D.  B.  Dowling, 
Canadian  Mining  Institute,  presided.  Mr.  C.  V.  Corless,  Canadian 
Mining  Institute,  presented  the  paper  on  this  subject.  Mr.  S.  J.'Jennings, 
A.  I.  M.  E.,  made  a  short  address. 

International  Cooperation  in  Mining  in  North  America  and 
Uniform  Mining  Law  for  North  America.  President  S.  J.  Jennin^, 
A.  I.  M.  E.,  presided.  The  speakers  were:  For  the  Canadian  Mining 
Institute,  Mr.  T.  E.  Godson,  Mr.  H.  H.  Rowatt,  Mr.  T.  W.  Gibson, 
Mr.  T.  C.  Denis,  Mr.  A.  R.  Chambers;  for  the  A.  I.  M.  E.,  Mr.  T.  A. 
Rickard,  Dr.  A.  R.  Ledoux,  Mr.  H.  V.  Winchell. 

Iran  and  Steel 

There  were  two  sessions  on  Iron  and  Steel  on  Tuesday,  Feb.  18. 
At  the  first  session.  Dr.  J.  W.  Richards  presided,  and  at  the  second  session, 
Mr.  J.  E.  Johnson,  Jr.,  was  in  the  chair.  The  following  papers  were 
presented : 

Does  Forging  Increase  Specific  Density  of  Steel?  By  H.  E.  Doerr.  (Presented 
by  title;  written  discussion  by  J.  S.  Unger.) 

Flaky  and  Woody  Fractures  in  Nickelnsteel  Gun  Forgings.  By  C.  Y.  Clayton, 
F.  B.  Foley  and  F.  B.  Laney.  (Presented  by  Mr.  Foley;  written  discussion  by  O.  A. 
Knkht,  J.  A.  Mathews.) 

Static,  Dynamic  and  Notch  Toughness.  By  Samuel  L.  Hoyt.  (Presented  by  the 
author;  written  discussion  by  P.  D.  Merica,  G.  Charpy,  J.  A.  Mathews.) 

Development  of  Grain  Boundaries  in  Heat-treated  Alloy  Steels.  By  R.  S. 
Archer.     (Presented  b^  title;  written  discussion  by  J.  A.  Mathews.) 

Water-cooled  Equipment  for  Open-hearth  Steel  Furnaces.  By  W.  C.  Coffin. 
(Presented  by  the  author;  written  discussions  by  L.  L.  Knox,  J.  S.  Unger.) 

Prevention  of  Columnar  Crystallization  by  Rotation  During  Solidification.  By 
H.  M.  Howe  and  E.  C.  Groesbeck.     (I^esented  by  Dr.  Howe.) 

Basic  Refractories  for  the  Open  Hearth.  By  J.  Six>tts  McDowell  and  R.  M. 
Howe.  (Presented  by  Mr.  McDowell;  written  discussions  by  J.  S.  Unger,  F.  R. 
Pyne.) 

The  Shimer  Case-hardening  Process.  By  J.  W.  Richards.  (Presented  by  the 
author.) 

Metallographic  Investigation  of  Transverse-fissure  Rails  with  Special  Reference 
to  High-phosphorus  Streaks.  By  G.  F.  Comstock.  (Presented  by  the  author; 
written  discussions  by  J.  E.  Howard,  P.  H.  Dudl^,  W.  R.  Shimer,  C.  B.  Bronson.) 

E£fect  of  Rate  of  Temperature  Change  on  Transformations  in  an  Alloy  Steel. 
By  JI.  Scott.     (Presented  by  the  author.) 

Davidson  Process  of  Casting  Formed  Tools.  By  J.  E.  Johnson,  Jr.  (Presented 
by  the  author;  written  discussions  by  Robert  Grimshaw,  J.  A.  Mathews.) 

Session  of  NalionaX  Research  Council 

The  session  of  the  National  Research  Council  was  begun  on  Wednes- 
day morning,  Feb.  19,  and  was  continued  throughout  the  afternoon. 
Mr.  A.  A.  Stevenson  and  Dr.  H.  M.  Howe  presided.  The  following  papers 
were  presented: 

Production  of  Ferromanganese  in  the  Blast  Furnace.  By  P.  H.  Royster.  (Pre- 
sented by  the  author.) 

Effect  of  Cold-working  and  Rest  on  Resistance  of  Steel  to  Fatigue  under  Reversed 
Stress.  ^  By  H.  F.  Moore  and  W.  J.  Putnam.  (Presented  by  Mr.  Moore;  written 
discussioiLs  by  J.  E.  HoWiEurd,  J.  B.  Kommers.) 

Use  of  Manganese  Alloys  in  Open-hearth  Practice.  By  Samuel  L.  Hoyt.  (Pre- 
sented by  the  author;  discussed  by  E.  R.  Graham,  H.  M.  Howe,  E.  Hibbert,  F.  N. 
Speller.  H.  Traphagen,  and  the  author;  written  discussions  by  G.  L.  Kinney,  Jr., 
J.  R.  Cain.) 
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A  Volute  Aging  Break.  By  H.  M.  Howe  and  £.  C.  Groesbeck.  (Presmted  by 
Dr.  Howe.) 

Repojt  of  Steel  InKot  (Committee,  National  ReBearch  Council  By  H.  M.  Howe, 
H«  8.  Kawdon  and  F.  H.  Schoenfuss.     (Presented  by  Dr.  Howe.) 

Microstructural  Features  of  Flaky  Steel.  By  H.  S.  Rawdon.  (Presented  by 
the  author.) 

In^connection  with  this  paper,  there  was  a  general  discussion  on 
Flaky  Steel,  involving  also  the  paper  by  Messrs.  Clayton,  Foley  and 
Laney,  presented  at  the  Iron  and  Steel  Session  on  Tuesday  morning. 
This  discussion  was  participated  in  by:  N.  H.  Wickhorst,  L.  F.  Fry, 
C.  B.  Bronson,  A.  A.  Stevenson,  D.  E.  Field,  J.  A.  Mathews,  K.  A.  Pauly, 
H.  C.  Boynton,  P.  McKinney,  H.  D.  Hibbard,  H.  Traphagen,  R.  J.  Wysor, 
Leonard  Waldo,  A.  H.  Coles,  J.  E.  Johnson,  Jr.,  Boyd  Dudley,  Jr. 

Mining,  Milling  and  Geology 

The  session'on  Mining,  Milling  and  Geology  was  held  on  Wednesday 
morning,  Feb.  19,  Mr.  Charles  W.  Goodale  presiding.  The  following 
papers  were  presented : 

Mining  Methods  of  United  Verde  Extension  Mining  Co.  By  C.  A.  Mitke 
(Presented  by  title.) 

Study  of  Shoveling  as  Applied  to  Mining.  By  G.  Townsend  Harley.  (Presented 
by  title.) 

Fine  Crushins  in  Ball-mills.  By  E.  W.  Davis.  (Presented  by  title;  written 
discussion  by  A.  L.  Blomfield.) 

Problems  Involved  in  Concentration  and  Utilization  of  Domestic  Low-gnde 
Manganese  Ore.     By  Edmund  Newton.     (Presented  by  the  author.) 

Notes  on  Certcun  Ore  Deposits  of  the  Southwest.  By  W.  Tovote.  (Presented  by 
title:  written  discussion  by  Philip  D.  Wilson.) 

Petrographic  Notes  on  the  Ore  Deposits  of  Jerome,  Ariz.  By  Marion  Bice. 
(Presented  by  title.) 

Anthracite  Mining  Costs.  By  R.  V.  Norris.  (Presented  by  the  author;  dis- 
cussed by  E.  W.  Parker,  S.  D.  Warriner,  Edwin  Ludlow.) 

Work  of  National  Iroduction  Committee,  U.  S.  Fuel  Administration.  By  J.  B. 
Neale.     (Presented  by  the  author;  discussed  by  Robert  Peele,  R.  D.  Hall.) 

Distribution  of  Coal  Under  the  U.  S.  Fuel  Administration.  By  J.  D.  A.  Morrow. 
(Presented  by  written  discussion  by  S.  A.  Taylor.) 

Session  with  American  Institute  of  Electrical  Engineers,  on  Electric  Welding 

This  session  on  Electric  Welding  was  held  on  Wednesday  afternoon, 
Feb,  19,  Dr.  Comfort  A.  Adams  presiding.  The  following  papers  were 
presented: 

Microstructure  of  Iron  Deposited  by  Electric  Arc  Welding.  By  G.  F.  Comstock. 
(Presented  by  the  author.) 

Path  of  Rupture  in  Steel  Fusion  Welds.  By  S.  W.  Miller.  (Presented  by  the 
author:  discussed  by  A.  M.  Candy,  P.  E.  Horegood.) 

Welding  Mild  Steel.  By  H.  M.  Hobart.  (Presented  by  the  author;  discussed  by 
A.  M.  Candy,  W.  L.  Merrill,  W.  H.  Alexander,  W.  Sparagen,  Mr.  Hunter.) 

•Electric  Welding  in  Shipbuilding.  By  S.  V.  Goodall.  (Presented  by  the  author; 
discussed  by  W.  H.  Hill,  R.  R.  Homer,  Capt.  Corbett.) 

•Fusion  in  Arc  Welding.     By  O.  H.  Eschhols.     (Presented  by  the  author.) 

SECOND  ANNUAL  MEBTING  OF  THE  WOMAN'S  AUXILIARY 

In  the  absence  of  the  President,  Mrs.  R.  Gemmel,  Mrs.  Louis  D. 
Huntoon,  First  Vice-president,  presided  at  the  second  annual  meeting  of 
the  Woman's  Auxiliary.    The  session  on  Tuesday  morning  was  devote 

•Published  in  Proceedings^  American  Institute  of  Electrical  Engineers. 


J 


Abibrican  Institute  of  Mining  Engineers  ix 

to  the  receiving  of  the  reports  of  the  secretary,  treasurer  and  auditors;  the 
Central  Americanization,  Emergency  and  Foreign  Relief  Committees,  and 
from  the  Section  Directors  of  Arizona,  Colmnbia,  Missouri,  New  York 
and  Utah. 

On  Wednesday  morning,  the  following  ofl&cers  were  elected :  President, 
Mrs.  James  F.  Kemp;  first  Vice-president,  Mrs.  Louis  D.  Huntoon; 
second  Vice-president,  Mrs.  H.  P.  Henderson;  third  Vice-president, 
Miss  M.  P.  Stone;  Secretary,  Mrs.  Sidney  J.  Jennings;  Treasurer,  Mrs. 
H.  K.  Masters.  The  New  York  Section  at  this  time  also  elected  Mrs. 
W.  Y.  Westervelt  as  Section  Director  instead  of  Mrs.  H.  P.  Henderson, 
who  was  elected  second  Vice-president. 

The  new  President,  Mrs.  James  F.  Kemp,  then  took  the  chair,  and 
in  her  inaugural  address  invited  the  organization  to  take  Americanization 
as  their  work  for  the  year.  She  urged  that  the  Sections  work  together 
and  increase  their  membership  so  that  they  become  a  real  power  and 
support  standing  behind  the  A.  I.  M.  E. ;  that  the  directors  take  an  active 
interest  in  forming  branches  and  forwarding  monthly  reports  to  the 
Central  Council  for  pubUcation  in  the  Bulletin;  and  that  the  women 
should  urge  their  husbands  to  take  home  the  BvUeiin  for  them. 

ADDRESS  OF  MRS.  WM.  D.  SPORBURG 

Wednesday  morning,  the  vital  importance  of  Americanization  of  the 
foreign-bom  and  methods  of  accomplishing  it  were  discussed.  The  dis- 
cussion was  opened  by  Mrs.  William  D.  Sporburg,  President  of  the 
Jewish  Women's  Coimcil,  Third  Vice-president  of  the  New  York  City 
Federation  of  Clubs,  and  a  member  of  the  Women's  Committee  of  the 
National  Council  of  Defense. 

Years  and  years  ago,  just  as  a  matter  of  human  kindness  and  because 
we  were  interested  in  helping  the  strangers  within  our  gates,  all  sorts  of 
organizations  were  formed  to  help  them,  and  of  course  since  we  have 
been  plunged  into  war  this  subject  has  become  a  very  paramount  subject, 
something  which  we  have  had  to  take  accoimt  of  for  very  obvious  reasons. 
My  contention  is  that  the  great  trouble  with  the  women's  organizations 
doing  Americanization  work  in  this  country  was  that  they  did  it  from 
the  standpoint  of  welfare  work.  You  know  we  never  looked  upon  them  as 
quite  up  to  our  level,  that  is,  while  we  did  not  look  down  upon  them,  yet 
we  never  considered  the  foreigners  within  our  own  group  or  our  own  status. 
We  did  do  that  as  welfare  work.  Now,  we  have  come  to  realize  that  the 
only  way  that  we  can  really  do  effective,  telling  work  with  the  foreigners  is 
by  stretching  out  a  hand  of  real  sisterly  fellowship  and  making  it  clear 
to  them  that  their  contribution  to  America  is  as  great  as  America's 
contribution  to  them. 

We  have  some  very  serious  things  to  consider.  We  have  been  told 
that  there  is  not  one  piece  of  industry  in  the  United  States  of  America 
that  could  go  on  for  fifteen  minutes  without  the  aid  of  foreigners,  that 
factories  and  industries  would  have  to  be  closed  down  if  we  barred 
foreign  labor.  We  are  absolutely  dependent  upon  them.  What  we  want 
to  do  is  to  really  and  truly  assimilate  them.  There  has  been  a  great  deal 
of  talk  about  Americanization.  We  felt  that  the  very  standards  of  our 
country  were  in  themselves  a  melting  pot,  that  we  .could  turn  them  out  of 
this  melting  pot  believing  in  the  Constitution  and  waving  an  American 
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flag.^  We  have  learned  recently  that  Americanizing  a  foreigner,  expa- 
triating a  foreigner,  and  making  him  live  up  to  the  standards  of  our  coun- 
try, the  country  of  his  adoption  is  a  very  solemn  thing.  It  is  not  a 
mechanical  process  at  all.  The  mere  fact  that  he  signs  Americanization 
papers  does  not  mean  that  he  is  a  real  American  in  spirit.  It  is  only 
when  he  accepts  the  standards  for  which  America  stands  and  believes  in 
them  that  he  is  really,  truly  Americanized. 

I  have  been  perfectly  horrified  at  the  process  of  Americanization. 
Within  the  last  two  years  or  so  we  have  given  it  a  great  deal  of  considera- 
tion. We  know  that  in  the  courts  where  the  naturalization  process  is 
going  on  that  the  actual  final  step  itself  has  been  treated  with  a  great 
deal  more  solemnity  and  thought  than  has  been  given  to  it  heretofore. 
I  visited  one  of  the  courts  with  Mrs.  Pennybacker.  There  were  nine 
ItaUans  standing  in  line  waiting  for  their  final  test.  The  Judge  turned  to 
on^  of  them  (they  are  supposed  to  study  up  certain  standards  and  be  able 
to  answer  certain  questions)  and  said,  "  Do  you  believe  in  polygamy?" 
The  Italian  looked  a  little  nonplussed,  poor  soul,  because  I  presume 
he  felt  he  must  not  be  anti  anything,  so  he  said,  "Yes."  The  man 
sitting  next  to  the  Judge  leaned  over  and  said,  ''I  don't  think  he  quite 
understood  that  question.  Do  you  believe  in  plural  marriages?''  The 
Italian  still  looked  a  little  nonplussed,  but  he  thought  a  moment  and  then 
he  said,  "Yes." 

We  felt  the  pathos,  the  real  pathos  of  these  men  taking  a  step  as 
solemn  as  an  expatriation  step  without  the  full  knowledge  of  what  the 
obligations  meant  and  what  the  standards  of  American  life  meant.    I 
think  that  is  a  tremendous  problem  which  we  can  help  to  solve.    In  the 
interim  between  the  time  they  take  out  the  papers  and  the  final  test  we 
can  teach  them  our  language  and  help  them  understand  these  things, 
help  them  understand  what  real  citizenship  means.    And  the  way  to 
help  them  to  understand  is  to  make  them  as  familiar  with  the  English 
language  as  possible.    It  also  gives  them  an  opportunity  to  understand 
us  and  it  gives  us  an  opportunity  to  understand  them.    We  are  going  to 
make  them  realize  what  American  standards  are  by  our  own  actions, 
by  the  example  we  set — for  that  is  the  thing  that  is  going  to  be  followed 
most  closely,  the  example  and  precept  of  our  own  Uves.    If  we  American 
women  will  conduct  ourselves  in  a  thoroughly  American  spirit,  the  foreign- 
ers are  going  to  imitate  us  very  quickly.    We  must  point  the  way  to  them, 
showing  them  loyalty  to  Government  institutions,  loyalty  to  the  people 
who  are  elected  to  represent  them  in  those  institutions,  which  does  not 
mean,  women,  when  the  people  themselves  have  put  men  in  power, 
whether  it  is  the  Presidency  or  a  Governorship  of  state.  Mayor  of  munid- 
paUty  or  even  the  lesser  offices,  it  does  not  mean  that  loyalty,  respect  and 
support  of  them  bars  us  from  honest  criticism,  because  we  need  honest 
constructive  criticism,  but  we  must  not  fall  into  pitfalls  and  object  and 
criticise  men  in  power  on  partisan  issues,  whether  we  are  Republican 
in  tendency  or  whether  we  are  Democratic  in  tendency,  we  shoiild  never 
believe  that  an  issue,  which  is  an  important  issue,  and  in  which  we  can 
rightfully  beUeve,  is  not  a  good  issue  because  a  Republican  or  a  Democrat 
has  stood  for  that  particular  measure.     We  must  think  and  vote  on  meas- 
ures on  their  face  value.    And  when  foreign-bom  men  and  women  see  us 
doing  that,  it  is  going  to  be  one  of  the  best  forward  steps  in  real  American- 
ization that  can  happen. 

We  ourselves,  we  Americans,  must  be  educated  to  the  proper  spirit 
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of  Americanization.  We  must  be  thoroughly  American  and  in  dealing  with 
the  foreigners  in  our  ranks  we  must  do  it  with  toleration  for  each  other 
and  with  mutual  understanding. 

I  come  from  a  very  small  community;  there  are  about  14,000  in- 
habitants in  Port  Chester  of  whom  71  per  cent,  are  foreigners.  Twenty- 
two  nationalities  are  represented.  Through  our  district  nurse,  who  gets 
the  confidence  of  these  people,  we  get  together,  once  every  two  weeks, 
a  group  of  these  foreign-born  mothers.  At  the  first  meeting  we  had 
eleven  different  nationalities  and  I  certainly  thought  the  Irish  woman 
would  scratch  out  the  eyes  of  the  Italian  woman.  The  second  and  third 
time  they  became  just  a  little  more  tolerant  of  each  other  and  now  there 
has  grown  that  splendid  understanding,  that  though  the  y  are  different 
and  apart,  they  have  traditions  and  things  and  ideals  that  are  worth 
while.  They  are  working  in  harmony.  I  thin]^  that  is  the  solution — we 
must  tolerate  each  other  and  we  must  tolerate  different  conditions. 

We  have  no  right  to  go  to  an  ItaUan,  Greek,  Russian,  or  anybody 
else  and  say,  "Here,  America  offers  you  everything.  You  must  forget 
everything  else  that  has  ever  happened  in  your  life,  you  must  forget  your 
folk-songs  and  everything  about  your  country."  If  we  make  them  reaUze 
their.traditions  are  beautiful  that  we  respect  them  just  as  we  want  them 
to  respect  us,  we  will  accomplish  a  great  deal.  We  must  make  them  ap- 
preciate that  we  are  going  to  be  helpful  to  each  other  and  that  they  mean 
88  much  to  us  as  we  mean  to  them.  We  want  them  to  become  Americans 
not  only  in  name  but  in  spirit. 

I  want  to  impress  upon  you  that  you  must  not  depend  on  your 
Chairman  of  the  Committee  to  do  your  work,  no  matter  how  efficient 
she  may  be ;  each  individual  must  feel  that  you  have  a  very  important 
part  to  play  in  your  organization  and  in  your  own  community.  You  know 
irery  well  that  the  war  has  taught  us  that  lesson  that  it  is  the  spirit 
)f  cooperation  that  counts.  We  think  with  dread  upon  what  might  have 
lappened  to  England  if  she  were  warring  with  Germany  alone,  we 
tnow  what  would  have  happened  to  France  if  she  had  been  alone,  we 
mow  what  happened  to  Belgium  and  we  know  what  might  have  happened 
o  America  and  we  know  what  happened  by  cooperation  and  organization. 
f  every  woman  would  get  in  back  of  just  one  immigrant  family,  think 
if  the  tremendous  amount  of  good.     Your  individual  effort  counts. 

In  the  discussion  that  followed,  Mrs.  Sporburg  said  that  the  employ- 
oent  of  the  district  nurse  is  the  most  practical  method  of  starting  this  work 
f  Americanization.  The  foreigner  is  a  little  bit  suspicious,  she  wonders 
:  you  are  coming  to  buy  the  wage  earner's  vote  or  to  disturb  the  routine 
f  her  housing  methods.  But  a  district  nurse,  a  woman  who  comes  to 
dese  people  in  times  of  trouble,  gets  their  confidence.  We  have  found 
liat  the  most  effective  work  we  can  do  in  ismaller  communities  is  through 
nurse.  She  knows  their  problems  and  they  trust  her,  and  she  leads 
lem  to  the  other  people  in  the  community  who  are  ready  to  work  for 
lem. 

I  A  Mbmbbk. — I  have  had  considerable  experience  with  that  and  I  have 
nmd  that  the  women  do  feel  that  you  are  trying  to  influence  them  or 
ying  to  get  the  better  of  them — they  cannot  understand  why  American 
omen  are  trying  to  get  into  their  houses.  What  would  you  suggest  in 
ew  York  City  outside  of  working  through  settlement  organizations  or 
irougfa  large  organizations?  How  would  you  suggest  that  the  individual 
tould  go  about  it. 
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Mrs.  Sporburq. — ^I  firmly  believe  in  organized  effort.  Frank  Lane 
is  now  planning  a  nation-wide  unified  program  for  Americanization. 
Congress  has  a  bill  to  appropriate  S500;000,000  for  education.  I  do  be- 
lieve, aside  from  following  a  program  of  organized  effort,  that  individual 
effort  does  count.  I  lived  in  New  York  City  before  I  ever  thought  of 
myself  in  connection  with  this  work  and  I  was  intensely  interested  in  the 
Italian  who  had  a  fruit  stand  on  the  comer.  I  was  interested  in  others, 
I  went  right  into  their  homes  and  worked  with  them.  I  made  them  feel 
that  at  any  time  there  was  a  problem  in  their  lives  that  they  could  come 
to  me  and  I  would  help  them  to  the  best  of  my  abiUty ;  whether  it  was  the 
man  drinking  or  the  child  who  was  becoming  so  Americanized  that  it 
poked  fun  at  its  foreign  mother — which  I  think  is  indeed  a  tragedy.  I 
think  it  is  an  indictment  against  us  that  we  have  neglected  the  foreign 
mother  so  long.  The  foreign  father  gets  his  Americanization  through 
industry,  through  his  contact  with  the  business  world  tmd  the  child  gets 
his  through  the  school. 

A  Member. — In  doing  some  work  in  New  York  City  during  the  food 
conservation  period  I  came  across  several  cases  where  the  children 
could  not  speak  with  their  own  mothers.  Another  thing,  do  not  you  think 
there  is  a  danger  in  becoming  over-organized — ^that  over-organization 
tends  toward  destroying  individual  effort  and  initiative  and  that  it  has  a 
tendency  to  destroy  just  as  it  destroyed  the  soul  of  Germany? 

Mrs.  Sporburg.— There  is  always  a  danger,  but  I  think  if  the  indi- 
vidual women  will  wort  from  a  personal  standpoint  they  will  avoid  that. 
But  there  must  be  some  organization,  otherwise  there  would  be  such  a 
lack  of  eflSciency  that  a  good  deal  of  time  would  be  wasted.  As  I  said 
before,  I  think  it  is  tragic  that  the  foreign  mother  cannot  speak  the  English 
language.  Very  often  the  foreign  men  especially  the  Italians,  do  not  allow 
the  women  to  leave  their  homes.  They  think  her  place  is  in  the  home 
and,  before  the  franchise  was  granted,  they  were  afraid  she  would  have 
too  much  right.  To  overcome  that  and  bring  about  confidence,  in  New 
York  City,  groups  of  women  meet  in  one  another's  homes,  and  in  that 
way  they  come  in  touch  with  the  problems  of  the  other  woman,  whether 
it  is  the  food  question,  the  question  of  citizenship,  or  the  question  of  an 
unmanageable  child,  or  whatever  it  may  be. 

A  Member. — Your  feeling  then  is  that  at  the  present  time  the  greatest 
need  lies  with  the  mothers.     You  feel  that  the  children  and  fathers  have 
had,  so  to  speak,  their  share  in  a  way  through  schools  and  agencies  which ' 
are  already  established? 

Mrs.  Sporburg. — Yes,  through  unconscious  contact  with  business 
and  the  people  around  them  in  business  they  learn  certain  things  about 
the  American  standards. 

A  Member. — If  you  were  supporting  any  new  work  your  feeling  would; 
be  to  largely  get  in  touch  with  the  mothers  and  leaving  the  childiren  and 
men  to  what  is  already  started? 

Mrs.  Sporburg. — My  first  step  would  be  to  bring  up  the  statu! 
of  the  mother  to  that  of  the  child  and  father. 

A  Member. — What  is  needed  now  is  to  bring  the  mother  up  to  ihM 
level  of  the  children  and  the  father. 

Mrs.  Sporburg. — My  experience  has  been  that.    As  I  said 
it  is  appalling,  it  is  an  indictment  against  us  that  something  has  not 
done  before  to  educate  the  foreign  mothers.    Do  you  know  there  w 
700.000  soldiers  in  the  American  army  who  could  not  read  nor 
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English?  Do  you  know  that  some  of  that  700,000  were  American  bom, 
southern  born,  who  never  had  the  opportunity  of  obtaining  an  education? 
There  are  400,000  women  in  New  York  state  who  cannot  read,  write, 
nor  speak  the  English  language  and  there  are  300,000  who  cannot  read 
nor  write  any  language.  I  say  it  is  an  indictment  against  us  women  to 
allow  such  conditions  to  exist. 

A  Member. — You  were  telUng  us  about  the  gatherings  where  the 
Irish  woman  came  to  understand  the  Italian  woman.  Would  you  tell 
us  how  you  conduct  those  gatherings? 

Mrs.  Sporburq. — Through  the  district  nurse  an  invitation  is  ex- 
tended to  the  various  women  she  visited.  It  could  be  extended  through 
other  agencies  if  you  have  no  district  nurse.  Our  district  nurse,  when 
visiting  these  women  would  say,  "At  my  rooms** — ^which  is  in  the  heart 
of  the  village — "on  Thursday  afternoon  we  usually  have  a  little  party. 
We  have  some  clothing  there  which  has  been  given  to  us  by  people  who 
no  longer  need  it.  You  are  welcome  to  come  and  see  if  there  is  anything 
there  you  want.  You  can  bring  your  child,  or  if  there  is  anything  in  your 
own  home  you  want  to  make  over  and  need  some  assistance  on,  bring  it 
along  and  we  will  help  you."  That  is  the  way  to  get  the  group  together 
and  ostensibly  they  come  to  sew.  In  that  way  they  get  in  touch  with  one 
another  and  become  more  tolerant  of  one  another.  You  know  there  are 
always  feuds  between  these  various  little  colonies. 

I  would  Uke  to  cite  an  instance:  Last  year  in  our  desire  to  help  the 
Food  Administration,  we  had  in  Port  Chester,  as  they  had  in  many  com- 
munities in  West  Chester  County,  the  problem  of  dehydration.  We  all 
learned  about  using  substitutes  and  swapping  receipes  that  had  proved 
successful  (we  did  not  say  much  about  those  that  were  not  successful)  but 
when  it  came  to  the  subject  of  dehydration  we  were  very  much  puz- 
zled, they  told  us  that  even  the  commercial  institutes  were  not  particu- 
larly successful.  I  remembered  one  day  the  large  rows  of  red  peppers 
and  onions,  etc.,  that  I  used  to  see  while  driving  through  the  Italian 
colonies.  I  drove  down  there  and  told  these  women  to  come  to  our 
demonstration,  I  said  you  can  probably  help  us  because  your  bOys  are 
in  the  service  with  our  boys,  they  are  all  fighting  together,  and  we  are 
all  going  to  stand  together  with  hands  outstretched.  We  can  tell  you 
a  great  deal  about  certain  flours  and  things  and  I  am  sure  you  could  tell 
js  something  about  drying  foods.  We  got  an  Italian  woman  to  demon- 
strate their  process  and  she  was  more  successful  than  any  woman  who 
iad  made  a  study  of  it  for  eight  years  in  Cornell.  If  you  make  them 
ippreciate  their  contribution  as  well  as  ours  they  are  willing  to  help. 
tf  you  want  any  woman  to  think  your  way  you  do  not  approach  her  with 
i  hammer,  make  as  gracious  and  as  kind  an  approach  as  you  possibly  can; 
t  is  the  understanding  heart  of  the  woman  who  is  doing  that  work  that 
eally  truly  counts. 

A  great  many  of  the  foreign-born  women  signed  the  food  cards,  not 
:nowing  what  they  were  signing — they  never  refused  a  food  pledge.  I 
nade  a  test  of  this  one  time  and  I  went  from  house  to  house  and  out  of 
;1I  the  places  only  one  woman  stopped  to  ask  me  a  question.  I  did  this 
imply  as  a  test.  They  are  frightened  stiff  when  you  say  you  are  from 
he  Government  and  want  them  to  sign  a  pledge.  It  is  absolutely  the 
nrong  way  to  approach  them. 

A  Member. — I  want  to  know  how  you  would  deal  with  a  woman  who 
ras  not  bom  here  but  who  has  lived  here  a  great  many  years,  who  would 
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not  sign  a  food  card,  claiming  that  she  did  not  think  the  Government  had 
done  her  any  good,  saying,  **  I  can  scarcely  make  a  living,  foods  are  fright- 
fully high,  and  I  cannot  see  that  the  Government  has  done  anything  for  me 
why  should  I  sign  that?  I  have  given  much  more  to  the  Govenuneiit 
than  the  Government  has  given  to  me." 

Mrs.  Sporburq. — I  would  immediately  say,  go  back  to  the  country 
from  which  you  came. 

A  Member. — She  says  she  cannot  afford  to  do  that. 

Mrs.  Sporburg. — ^I  would  have  seen  to  it  that  the  money  was  col- 
lected to  deport  her.  People  of  that  class  are  very  dangerous,  they  have 
very  radical  doctrines.  I  would  first  try  every  means  that  I  possibly  co\ild 
to  give  her  a  thorough  understanding  and  if  I  could  not  get  her  to  under- 
stand I  would  see  the  Commissioner  of  Immigration. 

REPORT  OF  TREASURER  OF  WOMAN'S  AUXILIARY 

Receipts 

Balance  on  hand  year  beginning  Feb.,  1918 $226.20 

Entrance  fees  and  dues  received  during  the  year  ending  Feb.,  1919      65. 10 

Total 1291.30 

Disbursements 

Stationary,  printing,  etc $27.75 

Secretary  8  expenses — typing,  postage 48.85 

Money  refunded  to  Sections  on  dues 17.00 

Total  expenditures I  93. M 

Balance  on  hand 197.70 

$291.30 
Mbs.  Harris  K.  Mabtebs,  Treatvrer. 

REPORT  OF  EMERGENCY  COMMITTEE 

This  Committee  was  formed  with  eighteen  members  in  addition  to 
the  Chairman,  the  Treasm'er,  Mrs.  Karl  Eilers,  and  the  Secretary,  iliss 
Olga  Ihlseng,  in  March,  1918,  and  owing  to  the  cessation  of  hc«tilities 
its  activities  ceased  last  December. 

-  Two  knitting  machines  were  purchased  and  installed  in  the  Ladies' 
Reception  Room  in  the  Engineering  Building,  which  room  was  placed  at 
the  joint  disposal  of  this  Committee  and  the  Foreign  Relief  Committee 
through  the  courtesy  of  the  United  Engineering  Societies. 

During  the  period  of  its  activities  your  Emergency  Committee  ob- 
tained 550  pounds  of  wool  and  material  for  72  wool  cloth  sweaters 
purchased  from  funds  supplied  by  Mr.  R.  W.  Ingalls,  Treasurer  of  the 
Comfort  Fund  of  the  Association  of  the  27th  Engineers. 

Thanks  to  the  energies  of  the  members  of  the  New  York  Committee 
and  their  friends,  and  also  the  Salt  Lake  City,  Colorado,  and  Columbia 
Sections,  170  sweaters,  773  pairs  of  socks,  89  wristlets,  85  hehnets,  24 
comfort  kits,  and  3  mufflers,  were  provided  for  the  Comfort  Fund. 

To  raise  funds  for  general  expenses  a  Concert  was  held  in  April,  the 
return  from  which  will  be  noted  on  the  attached  Treasurer's  Amiual 
Report. 

It  was  with  the  deepest  regret  that  your  Committee  learned  of  the 
death  of  Mr.  A.  L.  Gresham,  who  gave  his  untiring  assistance  to  your 
Committee  since  its  inception. 

Laura  M.  Spicer,  Chairmen, 
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Report  of  Treasttrer  of  Emergency  Committee 

Our  income  was  1204.01  and  our  expenditures  were  $41.05|  leaving 
a  net  cash  on  hand  as  of  December  31,  1918  of  $162.96. 

Receipts 

• 

April  30  Mrs.  Spicer  concert $167.21 

April  30  Mrs.  Thureton  (donation) 6.00 

April  30  Donation  concert 2 .  00 

May  10  Mrs.  Prosser  concert 2. 20 

May  20  Mrs.  Porrier  concert 2. 20 

May  20  Miss  Stone  concert 11 .00 

May  20  Stationary  refund 10.00 

July  20  Geo.  A.  I^hroder  concert  (Mrs.  Spicer) 4.40 

Totol  receipts $204.01 

EXPENDITUBES 

April  30  Olga  K.  Ihlseng  (postage,  etc.) $3.37 

May  13  Mrs.  H.  Hardinxe  ({XMtage.  etc.) 2. 17 

May  13  Mrs.  Mann  (ad^essing  ana  mailing) 5 .  30 

June  28  Oka  K.  Ihlseng  (posti^e,  etc.) 1 .  94 

Sept.  27  Collector  Internal  Revenue  (concert) 27.20 

Nov.    8  Marion  M.  Shields  (postal  cards) 1 .07 

Total  expenditures $41 .05 

Mbs.  Kabl  Eilbbs. 


REPORT  OF  THE  CENTRAL  FOREIGN  WAR  RELIEF  COMMITTEE 

The  Foreign  War  Relief  Committee  has  been  very  active  during''the 
past  year,  raising  funds  to  the  amount  of  $6207.11  for  the  relief  of  de- 
vastated France.  Reference  to  the  Treasurer's  report  will  show}that 
$5686.51  was  disbursed  through  the  American  Fimd  for  French  Wounded, 
at  a  total  operating  cost  to  the  Foreign  War  Relief  Committee  of  $331.60. 
Four  war  lectures  were  given  to  provide  f imds  for  the  operating  expenses 
of  the  committee,  and  every  dollar  raised  by  subscription  was  sent^to 
France  for  relief  work.  $966.00  was  contributed  for  the  purchase  of 
sheep  for  stocking  reclaimed  districts  in  France,  this  sum  being  disbursed 
through  the  civilmn  committee  of  the  A.  F.  F.  W. 

Early  in  May,  the  Foreign  War  Relief  Committee,  Mrs.  Henry  H. 
Knox,  chairman,  carefully  considered  the  various  channels  for  relief  in 
France,  and  launched  the  project  of  establishing  a  dispensary  there  for 
the  care  of  women  and  children.  How  this  work  prospered  has  been 
told  in  reports  from  time  to  time,  but  it  may  be  repeated  that  $3000  was 
sent  to  France  and  a  dispensary  bearing  the  name  of  the  New  York 
Section  of  the  Woman's  Auxiliary  to  the  A.  I.  M.  E.  has  been  established 
at  Briey.  The  committee  closed  its  dispensary  fund  in  January,  with  a 
contribution  to  the  American  Fund  for  French  Wounded  of  $1720.51, 
to  meet  their  tirgent  need  for  emergency  dispensary  work  among  the 
refugees  returning  to  certain  distressing  centers. 

Tuesday  was  established  £ls  ''Engineer's  day"  at  headquarters  of  the 
A.  F.  F.  W.  The  committee  has  had  six  full  working  days  and  two  half 
days  there,  and  Mrs.  Percy  E.  Barbour,  director  of  work  room,  reports 
an  enrollment  of  twenty  workers.  The  average  attendance  was  ten; 
largest  attendance  for  any  one  day,  thirteen;  smallest,  eight. 
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Finished  garments  turned  in  to  the  A.  F.  F.  W.  include  thirty-nine 
hospital  robes  and  eight  children's  garments.  Contributed  to  this  work- 
one  infant's  layette,  three  pairs  shoes,  ten  refugee  garments. 

Mrs.  J.  P.  Hutchins  reports  that  letters  received  from  the  mothers  of 
the  four  fatherless  children,  war  orphans  of  France  who  were  adopted  by 
the  Woman's  Auxiliary  for  two  years,  express  sincere  appreciation  of 
what  has  been  done  for  them.  Photographs  of  the  little  ones  indicate 
that  they  more  than  merit  the  help  which  they  are  receiving. 

Financial  Report  Foreign  War  Relief  Committee  of  New  York 

Section 

Receipts 

Funds  raised  to  meet  operating  expenses  of  the  Committee: 

By  four  war  lectures $515 .  60 

Contribution 5.00      $520.60 


Funds  raised  for  purchase  of  sheep  for  stocking  reclaimed  districts 
of  France.  Disbursed  by  Civilian  Committee,  American 
Fund  for  French  Wounded: 

By  subscription 966.00 

Funds  raised  for  French  dispensary  work.  Disbursed  by 
American  Fund  for  French  Wounded : 

By  subscription 4,720.51 

Total  receipts $6,207.11 

Disbursements 

Operating  expenses  of  Committee: 

Four  war  lectures $129.36 

Printing,  postage,  etc 53 .04 

Raising  sheep  fund 22 .  67 

Raising  dispensary  fimd 112 .  74 

Work  room  charges 13.79      $331.00 

Donated  to  sheep  fund  of  Civilian  Committee,  A.  F.  F.  W 966.00 

Donated  for  dispensary  at  Briey,  France,  under  name  of  Woman's 

Auxiliary 3.000.00 

For  maintaining  dispensary  work 1,720.51 

Total  disbursements $6,018.11 

Balance  in  bank $189.00 

REPORT  OF  THE  CENTRAL  AMERICANIZATION  COMMITTEE 

During  the  Spring  of  1918,  the  Chairman  of  the  Committee  held 
various  meetings  among  the  foreign-born  women,  living  on  the  East  Side. 
These  were  discontinued  during  the  Summer,  when  considerable  work  was 
organized  and  supported  on  Long  Island  among  the  various  factories, 
several  addresses  being  arranged  for  during  the  noon  hour. 

In  the  Fall,  Americanization  work  was  continued  at  the  various  Settle- 
ments in  the  Greenwich  Village  Section,  much  helpful  constructive  work 
being  done  dming  the  recent  influenza  epidemic  in  advice  to  the  foreign- 
bom  women,  as  to  better  methods  of  caring  for  their  families. 

The  Committee  has  been  able  to  get  in  close  touch  with  the  foreign* 
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bom  families  during  the  past  month  in  connection  with  the  City's  ['Back 
to  School  Drive."  Many  of  the  foreign  families  not  realizing  the  impor- 
tance of  their  children  remaining  in  school  until  the  age  of  sixteen,  nor 
the  advantages  thereby  gained,  until  presented  to  them  by  members  of 
the  Americanization  Committee.  Such  Committees  would  prove  of 
great  assistance  to  teachers  in  all  parts  of  the  Country,  as  they  could 
visit  the  families  of  delinquent  children,  and  ascertain  the  cause  of  the 
delinquency,  thereby  getting  in  personal  touch  with  these  families. 

With  the  signing  of  the  armistice  began  a  new  era  for  America.  We 
stand  as  never  before  in  the  eyes  of  the  world  and  the  duty  of  every 
American  should  be  to  consider  themselves  a  member  of  an  Americani- 
sation  Committee. 

Laura  G.  Burger,  Chairman. 

m 

LADIES  ENTERTAINMENT  AT  THE  MEETING 

Immediately  after  limch  Monday  noon,  the  Ladies'  Committee 
entertained  the  visiting  ladies  in  a  short  but  very  interesting  sightseeing 
trip — first  to  Columbia  University;  then  to  the  Cathedral  of  St.  John 
the  Divine;  Grant's  Tomb;  the  American  Museum  of  Natural  History, 
where  the  building  being  closed  after  hours  to  the  public,  was  given  over 
entirely  to  the  ladies.  After  inspecting  the  exhibits,  particularly  those 
of  precious  stones  and  the  mine  model  of  the  Copper  Queen  mine,  the 
ladies  were  entertained  at  a  very  elaborate  tea  in  one  of  the  halls  of  the 
building.     About  one  hundred  ladies  were  present. 

A  novelty  of  this  sightseeing  trip  was  that  private  automobiles  were 
supplemented  by  double-decked  Fifth  Avenue  'Buses  for  couvejdng  the 
party  over  the  route.  The  weatherman  had  been  subsidized  by  the 
Ladies  Committee  and  the  upper  deck  of  the  bus  was  much  in  demand 
by  the  visitors. 

On  Tuesday  afternoon,  February  18,  about  100  ladies  visited  the 
art  galleries  of  Senator  W.  A.  Clark,  who  has  so  frequently  opened  his 
collections  to  the  Institute  on  former  occasions.  After  inspecting  the 
galleries,  tea  was  served. 

On  February  19,  the  ladies  were  entertained  at  a  theater  party  at 
the  Gaiety  Theatre,  where  **Lightnin"  was  very  much  enjoyed. 

A  large  number  of  ladies  attended  the  eVening  entertainment  Tuesday, 
February  18,  and  the  trip  to  the  Federal  Shipbuilding  Plant  on  Thursday, 
the  20th,  which  are  mentioned  in  more  detail  elsewhere. 


THE  SMOKER 

The  annual  Smoker  of  the  Institute  was  held  in  the  rooms  of  the 
Engineering  Societies'  Building  Monday  eVening,  Feb.  17,  and  was 
attended  by  about  400  members  and  guests.  Mr.  E.  P.  Matthewson 
was  Chairman  of  the  Entertainment  Committee,  and  produced  one  of 
the  most  varied  and  interesting — not  to  say  exciting — programs  provided 
for  any  of  the  Smokers.  Patriotic  and  other  songs  comprising  largely 
the  favorites  in  the  Army  today,  were  sung.  The  members  were  seated 
around  small  tables  decorated  with  the  college  flags,  and  laden  with 
refreshments.    A  cartoonist  made  rapid-fire  charcoal  sketches  of  promi- 
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C^^ 


CaBTOONB  UADE  at  THB  SUOKER  BT  our  LiGHTNINO  SKETCH  1. 

1.  Major  Arthur  S.  Dwight,  with  his  fighting  face,  or  What  made  Gamaw  q<i»- 
.   George  D.  Barron,  who  finds  that  cactus  is  not  all  that  can  b»  "'"«*  '"  Menco. 


^  __^^ „e  raised  in  Menco. 

.  MarfL.  Kequa— the  onTy'mwi"  who  ever'stopned'all  the  automobile  ti&ffij  « 


Fifth  Avenue.  4.  Horace  V.  Winchell— our  incoming  President  coming,--  . 
Johnson,  Jr.-  alleged  to  have  books  to  sell.  6.  George  C.  Stoat— toum^  a'S^ 
on  a  kangaroo.  7.  B.  B.  Thaver— who  beheves  in  having  the  can  fuU.  H,  """"^ 
Jennings— our  retuing  President,  The.noblest  Roman  of  them  aU.  9.  W.  "■  f°^i^ 
the  distinguished  editor  of  the  Engineering  &  Mining  JoumoL  10.  Bradley  JWH^™" 
—the  first  Secretary  of  the  American  Institute  o£  Mining  and  MetaUurgicaliairMB* 
11.  Herbert  C.  Hoover— the  moBt  talked  of  man  in  the  world.  12.  E.  P.  Matbeww*- 
hit  by  a  new  idea. 


I 
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nent  members  of  the  Institute,  which  were  so  cleverly  done  that  the 
identification  was  made  before  each  sketch  was  completed.  Remarks 
by  the  cartoonist  added  to  the  appreciation  of  the  sketches  themselves. 
Some  of  these  sketches  are  reproduced  herewith. 

Following  this,  Mr.  Mathewson  called  to  the  platform  various  mem- 
bers of  the  Institute  whom  he  accused  of  having  violated  some  parts  of 
the  professional  code  of  ethics.  B.  F.  Tillotson  of  the  New  Jersey  Zinc 
Company,  after  a  very  severe  and  very  humorous  castigation,  was 
turned  about  to  look  at  a  colored  geological  map  of  New  Jersey,  which 
had  been  posted  during  the  talk.  The  peculiarity  of  the  formation  and 
the  colorings  appUed  gave  the  map  the  appearance  of  a  woman,  which 
furnished  a  climax  to  Mr.  Mathewson's  oratory.  George  C.  Stone  was 
the  butt  of  the  next  joke.  A  hfe-size  cigar  advertisement,  which  had 
been  carefully  brought  by  one  of  the  members  from  Colorado,  was 
placed  beside  our  erstwhile  treasurer  and  looked  like  his  twin. 

A  lithographed  advertisement  of  one  of  the  best-known  hair  tonics 
was  hung  up.  The  striking  likeness  of  the  bald  head,  the  fringe  of  curly 
hair,  and  the  nicely  pointed  mustache,  to  which  this  tonic  was  being 
applied,  was  almost  as  good  as  a  photograph  of  J.  Parke  Channing,  so 
the  three  guesses  given  by  the  Chairman  were  entirely  unnecessary. 
As  a  matter  of  fact,  this  sign  has  been  such  a  striking  likeness  that  the 
Entertainment  Committees  for  several  years  have  been  trying  to  invent 
some  excuse  for  ringing  it  in  at  a  smoker. 

Following  this,  were  various  new  and  novel  fihns:  among  them  one 
showing  the  interior  mechanism  of  an  automatic  adding  machine  at 
work,  and  a  most  interesting  one  showing  in  section  the  workings  of  the 
Lewis  machine  gun.     . 

It  was  the  largest  and  most  successful  smoker  ever  held  by  the  Insti- 
tute, and  if  Mr.  Mathewson  were  not  such  a  good  metallurgist,  he  would 
have  been  an  equally  famous  purveyor  of  amusements. 

LIEUTENANT  PAT  O'BRIEN 

On  Tuesday  night,  February  18,  to  an  auditorium  filled  with  members 
and  lady  guests,  Lieutenant  Pat  O'Brien,  formerly  of  the  Royal  Flying 
Corps  of  Canada,  the  United  States  Army,  and  the  French  Foreign 
Legion,  gave  a  vivid  and  intensely  interesting  description  of  his  Qying 
exploits,  which  landed  him  woimded  and  imconscious  inside  the  German 
lines;  of  his  life  in  various  German  prisons  and  prison  camps;  and  of  his 
successful  escape  to  England,  through  Luxemburg,  Belgium,  and  Holland. 
Lieutenant  O'Brien's  marvelous  escape  after  a  f^l  of  2000  ft.,  after  which 
the  wreckage  of  his  machine  had  to  be  cut  away  in  order  to  extract  him, 
was  even  more  thrilling  when  told  than  as  written  in  his  book  "Out- 
witting the  Hun,"  which  is  his  published  story  of  the  episode.  His 
recital  of  how  he  executed  a  daring  plunge  through  the  window  of  a  train 
loaded  with  prisoners  running  at  30  miles  an  hour;  how  it  took  him 
seventy-two  days,  or  rather  nights,  to  cover  300  miles  to  the  Dutch 
border;  how  he  lived  on  raw  vegetables,  swam  rivers  and  canals,  and 
finally  dug  imder  the  highly  charged  barbed  wire  barrier  between  Bel- 
gium and  Holland,  as  well  as  the  many  instances  of  grim  humor  with 
which  his  speech  was  interspersed,  brought  many  bursts  of  applause 
from  a  highly  appreciative  audience.    At  the  conclusion  of  the  speech. 


American  Institute  of  Mining  Engineers  xxi 

many  of  the  audience  went  to  the  fifth  floor,  where  an  informal  dancing 
party  was  held,  during  which  ice  cream,  cake,  and  pimch  were  served. 
It  was  a  bit  different  from  the  other  evening  entertainments  provided 
for  the  members  and  ladies,  and  was  an  imusual  success. 

THE  ANNUAL  BANQUET 

The  annual  banquet  of  the  American  Institute  of  Mining  Engineers 
was  held  at  the  Hotel  Biltmore  on  Wednesday  evening,  February  nine- 
teenth. The  dinner  was  preceded  by  the  President's  Reception,  Mr. 
and  Mrs.  Horace  V.  Winchell  and  Mr.  and*  Mrs.  Sidney  J.  Jennings 
receiving.  The  ballroom  was  beautifully  decorated  with  flags  of  the 
Allies  and  the  electric  sign  of  the  A.  I.  M.  E.  There  were  450  members 
and  guests  present,  and  it  was  the  lai^est  and  one  of  the  most  enjoyable 
of  the  dinners  ever  held  by  the  Institute. 

An  innovation  .in  the  dinner  arrangements  was  cutting  the  list  of 
speakers  to  three,  who  were  the  President  of  the  Canadian  Mining 
Institute,  and  the  retiring  and  incoming  Presidents  of  the  American 
Institute.    The  speeches  were  all  short  and  very  interesting. 

The  menu  cards  had  on  their  cover  the  cartoon  which  is  reproduced 
on  another  page.  George  Washington  hatchets  and  other  favors,  and  a 
plentiful  supply  of  toy  balloons  added  gaiety  to  the  occasion. 

After  the  dinner,  a  larger  number  remained  for  the  dance  than  here- 
tofore, and  dancing  was  indulged  in  imtil  the  wee  small  hours  of  the 
morning.  There  was  a  large  sprinkling  of  French,  Canadian,  and  Amer- 
ican uniforms  which  with  the  many  beautiful  and  elaborately  gowned 
ladies  made  it  the  most  brilliant  affair  of  its  kind  the  Institute  has  ever 
given. 

Mentj 

Blue  Point  Oysters 

Velout6  Favorite 

Celery        Salted  Almonds        Ohves 

HaUbut  Steak,  Italian  Style 

Risotto  Joinville 

Roast  Philadelphia  Capon  Charucti^re 

Salad  Parisien 
Nelusko  Pralinfi 
Cakes 
Demi  Tasse 

Toastmaster's  Remarks 

Each  speaker  was  introduced  by  the  toastmaster  Lawrence  Addicks 
who  said: 

In  this  great  year  of  victory  it  seems  but  fitting  that  we,  as  members  of 
the  American  Institute  of  Mining  and  Metallurgical  Engineers  should 
first  rise  in  response  to  a  toast  to  America.    America  was  then  sung  by  all. 

My  instructions  from  the  Dinner  Committee  were  exceedingly  brief. 
They  consisted  of  three  or  four  typewritten  lines  reading:  "You  will 
have  three  speakers  to  introduce — Mr.  Dowling,  Mr.  Jennings  and  Mr. 
Winchell.  Do  not  let  any  of  them  speak  long,  give  each  of  them  a  good 
rub,  especially  Winchell,  and  dp  pot  say  much  yourself,"    The  last  li|i^ 
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leaves  me  much  in  the  position  of  the  young  husband  who  looked  ador- 
ingly at  his  wife  and  said:  "Dearest,  I  do  worry  so  when  I  think  what 
would  become  of  you  if  I  should  die."  "Why,"  she  repKed,  "nothing 
would  happen  to  me;  I  should  stay  right  here;  the  real  question  is  what 
would  become  of  you."     So  I  shall  proceed  with  some  caution. 

As  the  smoke  of  battle  clears  away,  we  begin  to  see  that  the  war  has  not 
been  wholly  a  thing  of  evil.  The  ladies,  in  a  new  sense,  have  become  our 
companions  in  arms;  and  as  peace  on  earth  is  reestablished  we  find  an 
added  measure  of  goodwill  toward  men.  The  Allies  have  been  bound 
together  not  by  the  ties  of  mere  pohtical  expediency  but  by  those  of  a  true 
blood  brotherhood.  This  is  especially  true  of  the  English-speaking 
peoples  and  of  the  United  States  of  America  and  her  near  neighbor 
Canada,  Some  of  us  make  frequent  trips  across  the  border  and  we  know 
with  what  uniform  cordiality  we  are  received.  Our  worthy  president 
here  about  two  weeks  ago  came  near  making  an  imannoimced  visit  to 
Canada.  You  know  he  is  very  fond  of  horseback.  He  has  a  theory  that 
there  is  no  place  where  a  man  can  think  so  clearly  as  on  the  back  of  a 
horse;  and,  like  ex-president  Taft,  he  does  not  care  what  the  horse  thinks. 
Well,  as  I  have  it,  Allen  Rogers  and  Galen  Stone  were  standing  outside  of 
Mr.  Rogers'  house  in  Brookline  discussing  iSotation  of  mining  stocks. 
All  of  a  sudden  Mr.  Jennings  comes  tearing  down  the  street  on  a  horse, 
with  one  foot  in  the  stirrup  and  both  hands  buried  in  the  animal's  mane. 
"Hey,"  Mr.  Rogers  called  out,  "where  are  you  going?"  From  the 
distance  Mr.  Jennings  cried:  "I  do  not  know,  but  the  horse  belongs  in 
Montreal." 

We  in  our  turn  have  always  been  glad  to  see  the  delegation  from 
the  Canadian  Mining  Institute  who  have  made  a  practice  of  attending 
our  annual  meetings  for  some  years  past.  But  I  think  that  it  is  with  a  new 
feeling  of  fellowship  that  we  welcome  them  this  year  and  it  is  in  this  spirit 
that  I  greet  Mr.  D.  B.  Dowling,  president  of  the  Canadian  Mining 
Institute  and  ask  him  to  say  a  few  words  to  us. 

At  the  close  of  this  speech,  he  said :  It  has  long  been  the  custom  at 
these  annual  meetings  to  afford  an  opportunity  for  the  retiring  president 
to  sing  his  swan  song,  and  it  is  always  hard  to  break  old  customs.  You 
know  they  say  whenever  you  put  a  tractor  on  a  farm  the  hired  man  quits 
and  when  you  ask  him  what  the  trouble  is,  he  says,  "Wal,  fer  20  years  I 
been  tryin'  to  learn  to  understan'  a  mule  and  at  my  time  of  life  I  don't 
intend  ter  take  on  this  new  fangled  thing."  Now  for  20  years  we  members 
of  the  Institute  have  been  trying  to  learn  to  understand  these  farewell 
orations  and  we  do  not  intend  to  give  up  now.  Some  of  you  may  think 
that  the  words  and  music  of  this  song  are  to  be  found  in  the  Secretary's 
annual  report  in  the  current  issue  of  the  Bulletin,  but  I  assure  you  that  this 
is  not  so.  It  does  grave  injustice  to  the  responsibilities  of  the  office  of 
President  of  this  Institute.  Let  us  just  consider  for  a  moment  his 
manifold  duties. 

First,  his  foremost  duty  is  to  bring  the  membership  of  the  Institute  up 
to  the  point  where  the  incoming  President  will  have  to  rely  solely  upon  - 
the  birthrate  of  the  population.  Second,  and  this  is  most  important,  he 
must  devise  some  solemn  stunt  with  which  to  make  the  annual  attempt 
to  coax  the  Mining  and  Metallurgical  Society  into  the  fold.  Then,  he 
must  make  a  semi-annual  tour  of  the  provinces  to  visit  all  of  the  Local 
Sections  and  deal  with  incipient  cases  of  heresy  and  schism,  diseases  that 
appear  to  be  endemic  in  Southern  California  and  Southeastern  Missouri 
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Next,  ex  officio,  he  has  to  try  to  keep  the  peace  between  the  Editor  of 
the  Engineering  and  Mining  Journal  and  the  Editor  of  the  Mining  and 
Scientific  Press,  Finally,  this  year  there  was  a  matter  of  the  attitude  of 
the  Board  of  Directors  toward  the  prohibition  amendment — ^a  most  serious 
question. 

However,  while  there  may  still  be  a  few  citizens  not  yet  members  of 
the  Institute,  who  will  have  twelve  dollars  after  March  15th,  and 
while  the  Mining  and  Metallurgical  Society  may  still  claim  to  represent 
the  certified,  pasteurized,  grade  A  variety  of  mining  engineer,  this 
Institute  has  never  had  a  more  successful  year  than  under  the  able 
administration  of  Mr.  Sidney  Johnston  Jennings,  whom  I  now  have  the 
pleasure  to  introduce. 

Unfortunately  Mr.  Dowling  left  for  Canada  and  Mr.  Jennings  left 
for  Mexico  before  the  manuscripts  of  their  speeches  could  be  received. 

In  introducing  the  last  speaker,  Mr.  Addicks  said:  We  are  Uving  in 
strenuous  times.  Governments  are  being  overthrown  every  day.  In 
fact  I  understand  that  the  President  even  now  is  hurrying  home  from 
France  on  account  of  rumors  that  a  republic  is  about  to  be  declared  in 
Washington.  So  it  is  not  strange  that  the  Institute  itself  has  decided 
upon  a  radical,  nay  a  revolutionary,  step.  It  has  placed  the  seal  of  its 
approval  upon  mining  geology. 

The  geologist  has  had  a  hard  time  of  it.  You  would  think  that  a  man 
who  had  made  the  study  of  rock  formation  and  ore  deposits  his  life  work, 
would  be  the  ideal  person  to  send  out  prospecting.  Great  mines  have 
been  discovered  by  bartenders,  by  livery  stable  keepers,  by  one,  or 
perhaps  two,  Columbia  graduates,  but  by  a  mining  geologist,  never. 
If  you  already  have  a  mine,  he  will  make  a  beautiful  map  of  it,  all  in  colore, 
for  he  has  an  artistic  soul,  with  the  quartz  in  blue  and  the  limestone  in 
yellow,  and  the  ore  as  a  red  streak  in  between.  He  will  show  you  that  if 
you  drill  a  hole  over  in  the  next  lot  while  your  neighbor  is  at  the  seashore, 
you  will  discover  an  extension  of  the  vein.  You  try  it  and  find  the  linae- 
stone  where  the  quartz  ought  to  be,  the  quartz  where  the  lime  ought  to  be, 
and  the  ore  vanis|;ied  altogether,  and  then  go  to  your  geologist,  he  will 
coolly  meet  the  ascending  waters  of  your  wrath  by  taking  his  pencil, 
drawing  a  line  across  the  map  and  writing  "faults" — meaning  the  fault  is 
nature's  and  not  his.  "  Well,"  you  say,  "if  a  geologist  cannot  discover  a 
mine  and  c^,nnot  develop  a  mine,  of  what  good  is  he?"  I  will  tdl  you. 
If  you  have  a  really  good  one,  and  he  really  likes  you,  you  take  hiin  into 
court  and  he  can  prove  anything. 

An  old  gentleman  was  coming  down  the  street  and  saw  some  colored 
boys  shooting  craps.  "  Rastus,  don't  you  know  that  it's  just  as  wicked  to 
gamble  when  you  win  as  when  you  lose?"  "  Yessah,  yessah,  de  immo- 
rality am  jes  as  great  but  the  inconvenience  ain't."  Well,  what  is  the  use 
of  my  discussing  this  ethical  question  when  the  Institute  has  settled  the 
matter  by  electing  as  its  next  president  the  very  best  mining  geologist 
in  the  whole  city  of  Minneapolis,  Mr.  Horace  V.  Winchell. 

President  Winchell's  Speech 

I  am  told  that  it  is  customary  on  the  recurrence  of  this  annual  event, 
for  the  incoming  President  to  present  for  your  consideration  and  that  of 
the  members  at  large  a  few  thoughts  as  to  the  work  of  our  Institute, 
and  the  industry  which  it  is  supposed  to  represent;  to  sound  tihe  key- 
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note  of  progress  for  the  coming  year  and  to  direct  attention  to  the  work 
of  the  hour. 

K  this  be  aheady  a  custom,  it  is  something  for  which  neither  you  nor 
f  can  be  held  responsible,  and  yet  something  which  neither  of  us  can 
escape.  It  is  therefore  my  duty  and  high  privilege  to  prepare  the  dose, 
and  yours  to  take  it  as  gracefully  as  possible,  in  the  full  belief  that  what 
is  customary  is  proper,  and  what  the  doctor  prescribes  is  beneficial, 
though  not  alwa3rs  palatable.    In  this  case  I  trust  it  may  be  both. 

It  is  a  trite  saying  and  a  true  one  that  we  are  living  in  the  most  wonder- 
ful period  of  history.     We  are  witnessing  the  evolution  of  a  new  order  of 
things.     We  are  participants  in  movements  which  are  everlasting  in 
their  effect  and  world  wide  in  their  scope.    Forces  and  activities  now 
set  in  motion  will  have  their  influence  on  the  human  race  throughout  its 
entire  period  of  existence,  and  the  lustrum  of  time  of  which  1919  is  the 
closing  year  will  be  forever  marked  in  red  and  gold  on  the  pages  of  history. 
It  IS  entirely  proper  for  us  to  reflect  with  pride  upon  the  service  which 
our  Institute  and  its  members  have  rendered  the  cause  of  humanity  in 
the  recent  conflict.    The  names  of  those  who  have  given  their  money, 
their  time,  their  efiforts,  and  in  many  cases,  their  lives,  will  ever  be  held 
in  honored  memory.    But  it  is  not  sufiicient  to  complacently  remember 
the  past.     Our  work  is  still  ahead,  and  it  is  timely  for  us  to  consider 
our  relation  to  our  profession,  to  our  country  and  to  ourselves  in  the 
working  out  of  the  problems  of  the  future.    What  part  are  we  able  to 
play  in  reaping  the  benefit  which  should  and  must  accrue  from  the  sacri- 
fices of  the  world  since  1914?    Is  there  any  work  which  the  engineer  is 
better  qualified  than  any  other  class  to  undertake?    Is  he  now  already 
preparing  in  true  engineeruig  fashion  to  get  100  per  cent,  efiiciency 
out  of  himself  and  his  organization?    As  educated  and  reasoning  citizens 
of  the  world's  greatest  democracy,  as  trained  engineers,  as  members 
of  the  American  Institute  of  Mining  and  Metallurgical  Engineers,  what 
can  we  as  individuals  and  as  an  organization  do,  wjiat  are  we  morally  and 
in  a  sense  of  reciprocity  obligated  to  do,  under  the  new  conditions  with 
which  we  are  confronted,  to  improve  our  own  situation  and  that  of 
all  mankind? 

The  answer  depends  on  the  nature  of  the  problem  and  the  conditions 
with  which  it  is  surrounded.  Do  we  fully  realize  the  momentous  changes 
which  have  already  taken  place?  A  nation  which  was  taught  by  Wash- 
ington to  avoid  foreign  entanglements  has  in  the  interests  of  self-pres- 
ervation been  forced  to  take  an  active  part  in  the  settlement  of  a  war  ^ 
in  Europe,  and  is  now  occupying  a  prominent  seat  at  the  council  of 
nations.  Within  a  single  twelve  months  we  have  abandoned  the  policy 
of  our  forefathers  and  become  an  arbiter  and  co-administrator  of  the 
affairs  of  all  countries.  Never  again  can  we  pretend  to  istand  aloof  and 
unconcerned  while  war  flames  are  kindled  abroad.  No"  longer  can  we 
afford  to  be  provincial.  The  ocean  now  is  narrower  than  was  the  English 
Channel  before  the  construction  of  telegraph  Unes,  steamships,  submarines, 
and  airplanes.  The  food  supphes,  the  raw  materials,  the  factories,  the 
mines,  the  schools,  the  people  of  foreign  lands  are  now  subjects  for  our 
careful  study  and  consideration.  We  are  and  shall  be  impelled  to  it  by 
motives  of  every  variety,  materiaUstic  and  humanitarian.  The  better 
we  understand  the  world  and  its  problems,  the  more  successful  we  shall 
be  in  our  commerce,  in  the  development  and  handUng  of  our  internal 
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aflfairs,  our  finances  and  our  labor  questions,  our  crops,  our  mineral 
production;  everything  that  concerns  our  prosperity  and  welfare. 

Then,  too, 'from  a  nation  of  borrowers,  needing  foreign  capital  to 
develop  our  resources  and  owing  vast  sums  upon  which  we  were  pa}dng 
interest  to  the  bankers  of  Europe,  we  have  suddenly  by  fortune  of  war 
become  a  creditor  nation.    The  nations  of  the  world  owe  us  inconceivable 
sums.     The  interest  on  our  loans  abroad  would  have  paid  the  entire 
expense  of  our  national  government  when  we  men  were  youths.    This 
change  in  our  status  is  of  tremendous  importance  to  the  engineer,  whose 
field  of  operations  has  thus  suddenly  become  widely  extended.    The 
first  and  immediate  demand  for  engineering  talent  probably  lies  in  con- 
nection with  the  problems  of  restoration  and  reconstruction  in  the  dev- 
astated areas.    To  what  extent  American  engineers  will  be  used  in  this 
work  depends  largely  upon  the  supply  of  materials  of  construction  and 
of  engineers  in  Europe  and  upon  the  ability  of  our  trans-Atlantic  neigh- 
bors to  finance  their  operations  without  our  aid.     In  many  districts, 
mines  and  manufacturing  plants  have  been  destroyed;  in  others,  worn 
out;  in  most  cases  on  the  Continent,  production  has  been  pushed  to  the 
maximum  without  stopping  for  repairs;  railroads  and  highways  have 
been  worn  uncesLsingly,  and  must  need  renewing.     And  in  addition  to 
this  plant  and  material  exhaustion,  it  must  be  remembered  that  there 
has  been  appalling  loss  of  life  among  the  engineers  and  those  of  sufficient 
mentality  to  make  army  ofiicers.     Increased  and  intensified  demand  for 
materials  and  a  shortage  of  designing  and  constructing  engineers  would 
seem  to  create  unprecedented  opportunities  for  this  country  of  matchless 
resources  in  both.     And  here  is  where  the  advantage  of  the  United 
States  as  an  opulent  and  creditor  nation  becomes  doubly  accentuated. 
Now  for  the  first  time  in  our  history  we  have  more  money  than  we  can 
spend  at  home;  now  the  wide  world  is  our  field  of  operations;  now  we 
are   compelled   to  search  for  development  enterprises  in  which  our 
surplus  capital  may  b^  employed;  now  we  must,  in  spite  of  ourselves, 
become  cosmopolitan.    And  since  those  very  countries  which  are  our 
debtors  are  the  ones  which  most  need  our  assistance,  it  is  only  by  increas- 
ing our  business  with  them  and  our  investments  there  that  those  debts 
will  ever  be  paid.     By  enabling  them  to  rebuild,  by  establishing  them 
again  on  a  prosperous  basis  we  shall  at  the  same  time  protect  the  invest- 
ments and  loans  already  made  under  the  necessities  of  war.    Does  this 
situation  not  promise  work  and  opportunity  for  the  engineer? 

But  the  war  has  brought  other  changes.  The  employment  of  man 
power  and  materials  for  the  sole  purpose  of  destruction  has  been  so  general 
and  widespread  as  to  change  Uving  conditions  over  a  large  portion  of  the 
inhabited  globe.  Economic  laws  have  been  arbitrarily  set  aside,  and  the 
governments  have  been  compelled  to  establish  artificial  prices  and  regu- 
lations for  the  transportation  and  allocation  of  labor  and  materials.  The 
inevitable  result  has  been  dissatisfaction,  imcertainty,  and  confusion. 
The  workman  who  has  recently  been  receiving  fifty  dollars  per  week  in- 
stead of  the  former  twenty-five  cannot  imderstand  why  there  should  be 
any  reduction  now  that  the  war  is  over.  The  farmer  still  wants  war 
price  for  wheat;  the  southern  planter  wants  war  price  for  cotton;  and 
the  field  hand  still  desires  to  work  half  time  and  get  double  wages.  On 
the  other  hand  there  is  a  general  desire  for  a  reduction  of  the  cost  of  the 
every  day  necessities  of  Ufe.  In  short,  we  are  faced  with  a  condition  of 
unrest  and  uncertainty  in  all  quarters  of  the  globe.    Every  thoug^ul 
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person  knows  that  there  must  be  readjustment,  but  no  one  can  foresee  its 
precise  trend  and  effect.  Is  there  not  here  again  a  demand  for  the  in- 
fluence and  effort  of  the  intelligent  engineer? 

Those  of  us  who  have  watched  the  spread  of  Marxian  socialism 
abroad,  who  have  seen  its  adoption  by  the  Russian  Bolsheviki  and  have 
seen  their  poisonous  propaganda  insidiously  inoculating  the  workingmen 
of  Russia,  Austria,  Germany  and  even  England,  and  who  have  read  the 
anarchistic  pubUcations  of  their  disciples  in  this  coimtry  cannot  but  feel 
that  it  is  high  time  something  was  done  to  counteract  it.  Bolshevism  is 
the  antithesis  of  democracy;  it  is  the  foe  of  freedom;  it  is  a  rule  by  a  class, 
and  that  class  the  most  ignorant  and  least  civilized  in  the  community. 
It  matters  not  whether  it  be  found  in  the  parlor  or  in  the  revolutionary 
parade,  in  the  poisoned  press  or  on  the  street  platform,  bolshevism  is  an 
abomination  subversive  of  order  and  government,  and  must  be  opposed 
by  every  patriot  and  loyal  citizen,  by  every  influence  and  power  which 
desires  the  welfare  of  mankind. 

It  has  often  seemed  to  me  that  the  engineer  is  not  fully  awake  to  his 
duties  and  privileges  as  a  citizen;  that  he  is  too  engrossed  with  the 
details  and  the  mechanism  of  his  profession;  that  his  mind  dwella  too 
much  on  facts  and  figures  and  processes;  that  he  is  too  retiring  by  train- 
ing and  disposition,  too  little  of  a  pubUcist  and  a  humanitarian,  and 
too  much  of  a  materialist.  I  believe  that  individually  and  through 
his  organizations  he  should  take  an  active  part  in  every  movement  that 
concerns  the  good  of  society;  that  he  should  take  the  initiative  in  shaping 
the  policies  of  government;  that  he  should  be  an  aggressive  educating  and 
moral  force  in  every  community. 

On  his  visit  to  this  country  in  1876,  at  the  founding  of  the  Johns 
Hopkins  University  at  Baltimore,  Thomas  Huxley  addressed  us  as 
follows:  "Truly  America  has  a  great  future  before  her — great  in  toil,  in 
care  and  in  responsibility,  great  in  true  glory  if  she  be  guided  in  wisdom 
and  righteousness,  great  in  shame  if  she  fail.  I  cannot  understand 
why  other  nations  should  envy  you  or  be  blind  to  the  fact  that  it  is 
for  the  highest  interest  of  mankind  that  you  should  succeed;  but  the 
one  condition  of  success,  your  sole  safeguard,  is  the  moral  and  intellectual 
clearness  of  the  individual  citizen." 

In  all  branches  of  business,  in  all  lines  of  human  endeavor,  we  have 
been  taught  to  strive  for  efficiency.  Indeed,  so  greatly  has  the  idea  been 
stressed  that  we  have  been  in  danger  of  regarding  it  as  an  end  in  itself. 
We  have  forgotten  why  we  are  thus  striving.  We  have  often  had  our 
attention  directed  to  the  efficiency  of  the  German  people  as  something 
well  worth  imitating.  Dr.  Nicholas  Murray  Butler,  in  a  most  scholarly 
address  on  "Education  after  the  War,"^  has  given  us  a  timely  warning: 
"The  war  has  taught  the  lesson  that  the  proper  place  of  efficiency  is  as 
the  servant  of  a  moral  ideal,  and  that  efficiency  apart  from  a  moral  ideal 
is  an  evil  and  a  wicked  instrument  which  in  the  end  can  accomplish  only 
disaster.  In  other  words,  we  should  encourage  efficiency  not  for  its 
material  results,  not  simply  for  the  greater  amount  of  wealth  in  dollars 
and  cents,  in  bushels  of  wheat,  tons  of  ore  or  yards  of  cloth  thereby  pro- 
duced, but  for  its  value  in  the  development  of  character,  and  for  its  aid 
in  the  achievement  of  our  ideals  and  the  guidance  of  the  individual  and 
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the  race  in  their  progress  toward  fuller  self-expression  and  more  complete 
self-reaUzation." 

Now,  the  only  road  to  efficiency  is  education.  In  all  departments  of 
life,  in  business,  in  government,  in  commerce  and  trade,  education  must 
precede  efficiency,  and  the  broader  and  more  widely  disseminated  the 
real  education  of  a  people,  of  a  class,  of  a  community,  the  higher  its 
efficiency.  And  this  brings  me  down  to  the  suggestions  which  I  wish  to 
make  this  evening. 

Scarcely  a  day  passes  that  the  newspapers  do  not  contain  notices 
of  strikes,  of  lockouts,  of  labor  dissatisfaction  and  disturbances  in  this 
or  that  industry.  The  strife  between  the  employer  and  the  laboring  man 
is  incessant  and  irritating  to  both.  It  is  world-wide  and  apparently 
everlasting  and  its  cost  is  beyond  calculation.  It  has  received  the 
careful  consideration  of  the  world's  greatest  economist,  and  is  a  problem 
whose  solution  requires  far  greater  intellect  than  mine.  Nevertheless,  it 
vitally  affects  the  interests  of  everyone  of  us  here  tonight,  for  it  contains 
possibilities  which  one  shudders  to  contemplate,  with  the  tide  of  Bol- 
shevism rolling  westward,  and  other  forces  at  work  to  mold  our  civiliza- 
tion into  new  and  different  and  untried  forms.  Here  and  now  are  de- 
manded more  than  ever  before  that  "moral  and  intellectual  clearness 
of  the  individual  citizen"  referred  to  by  Huxley;  now,  more  than  at 
any  period  in  our  history  do  we  appreciate  the  worth  of  that  poise  and 
stabiUty  which  are  provided  and  acquired  by  education;  and  now  do  we 
feel  more  fully  than  ever  the  importance  of  extending  education  to  those 
of  all  classes  who  are  in  any  way  responsible  for  the  industrial  turmoil 
existing  and  impending. 

It  has  always  seemed  to  me  that  labor  troubles  must,  in  large  meas- 
ure, result  from  a  failure  on  the  part  of  the  protagonists  to  imderstand 
each  other's  respective  situations  and  motives';  from  a  lack  of  compre- 
hension of  the  simple  elements  of  economics  on  the  part  of  the  masses, 
and  the  failure  on  the  part  of  the  employer  to  explain  how  and  why 
conditions  have  arisen  which  have  made  necessary  or  inadvisable  a  read- 
justment of  any  accepted  or  demanded  situation.  In  other  words, 
through  lack  of  education.  And  here,  it  seems  to  me,  is  an  opportunity 
and  a  duty  for  the  engineer..  He  occupies  a  peculiar  relation  to  the 
capitalist  and  the  laborer.  He  is  customarily  one  of  the  employed;  he  is, 
on  the  other  hand,  the  adviser  and  trusted  representative  of  capital. 
He  comes  into  frequent  and  close  contact  with  the  laborer,  and  is  in  a 
position  to  imderstand  his  difficulties,  to  win  his  friendship  and  confi- 
dence, and  to  impart  advice  and  information  which  would  go  far  to  explain 
the  difficulties  of  any  given  situation.  He  is  a  sort  of  middle  man,  who 
might  easily  acquire  such  influence  with  those  above  and  below  him  as 
to  be  of  very  great  aid  in  time  of  industrial  crises.  If  this  be  indeed 
true,  then  it  must  follow  that  in  not  exercising  this  privilege,  in  not  per- 
forming this  service,  he  is  not  meeting  fully  his  responsibilities  as  an 
engineer  and  a  citizen.  As  the  boys  would  say:  he  is  not  strictly  "on 
his  job." 

Let  us  consider  for  a  moment  the  situation  in  the  average  mining 
camp.  A  few  hundred  or  few  thousand  miners  are  employed.  Here 
they  come,  muckers,  mule  skinners,  trammers,  nippers,  timbermen, 
machine  men,  track  layers,  powder  monkeys,  station  tenders,  pipe  m^, 
carpenters,  electricians,  shift  bosses,  blacksmiths,  and  helpers,  of  different 
nationalities  and  varying  degrees  of  intelligence  and  education.    They 
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are  checked  in  and  checked  ofif  by  the  time  keeper;  except  in  case  of 

accident  they  spend  their  alloted  time  on  the  job  and  disperse  without 

receiving  as  much  personal  attention  as  the  miiles  underground.    When 

not  at  work,  they  spend  their  time  idling  around  saloons  or  other  shady 

resorts  where  they  not  only  learn  nothing  to  their  advantage,  but  spend 

their  substance  and  sap  the  foundations  of  their  health  and  strength, 

mentally,  morally,  and  physically.    Under  such  conditions  they  afford 

fertile  and  receptiye  soil  for  the  seeds  sown  by  the  demagogic  agitator. 

They  attend  open  or  secret  meetings  of  the  union  and  are  constantly 

taught  the  program  of  violence  and  disrespect  for  law  and  order.    In 

those  camps  where  club  houses  are  provided  and  reading  matter  and 

forms  of  amusement  furnished,  they  are  seldom  visited  and  cultivated  by 

anyone  connected  with  the  mine  management.    The  men  are  still  left 

to  their  own  devices,  and  no  advantage  is  taken  of  the  opportimity  to 

gain  the  friendship  and  confidence  of  those  who  are  approachable,  to 

aid  those  who  are  worthy  and  in  need  of  some  sort  of  encouragement  or 

assistance,  or  to  educate  those  eager  for  knowledge. 

In  recent  years,  it  is  true,  many  mining  companies  have  arranged  for 
moving  picture  shows  two  or  three  times  each  week;  in  some  states  like 
Nevada,  the  State  educational  institutions,  such  as  the  College  of  Mines, 
have  of  late  years  conducted  night  schools  for  instruction  in  scientific 
and  technical  subjects;  and  the  Federal  Bureau  of  Mines  has  sent  its 
car  aroimd  and  taught  the  men  the  principles  and  methods  of  safety 
first.  In  aU  of  these  matters,  the  mining  engineers  have  taken  a  part 
and  shown  sympathetic  interest;  but  it  seems  to  me  we  have  fallen  far 
short  of  the  full  measure  of  our  duty  and  our  opportunity.  We  have 
failed  on  the  social  and  humanitarian  side;  we  have  done  little  to  counter- 
act the  deliberate  spread  of  socialistic  and  bolshevistic  doctrines;  we 
have  permitted  the  raising  of  a  crop  of  noidous  weeds  on  soil  which  might 
well  have  yielded  the  fruits  of  thrift,  industry,  loyalty  and  patriotism. 

With  the  coming  of  prohibition  and  the  closing  of  the  saloons,  those 
old-time  haunts  of  the  miner,  we  find  the  men  increasingly  in  need  of 
comfortable  recreation  quarters,  and  in  better  condition  to  be  interested 
in  opportimities  for  entertainment  which  shall  be  at  the  same  time 
instructive  and  uplifting.  There  are  many  forms  of  such  entertainment, 
and  many  methods  by  which  such  instruction  may  be  given  without  the 
appearance  of  officiousness  or  pedantry.  I  have  never  yet  visited  a 
mining  camp  where  there  were  not  some  men  of  ideas,  of  travel,  of  wide 
experience  and  observation,  of  talent  in  some  form  of  entertaining,  where 
there  are  not  frequent  visitors  who  could  be  pressed  into  service  for  the 
benefit  of  the  general  cause  of  education  and  good  fellowship.  And 
there  are  ways  and  means  by  which  such  service  could  be  organized  and 
carried  forward.  There  are  national  organizations  and  societies;  there 
are  State  institutions;  there  are  our  own  Local  Sections;  and  there  are  the 
mining  companies  themselves  which  would  quickly  appreciate  the  value 
of  such  work  among  their  men.  It  is  probable  that  our  Committee  on 
Industrial  Organization,  with  its  sub-committee  on  Education,  may  be 
already  at  work  along  these  lines.  But  we  should  not  leave  it  entirely 
to  small  committees.  It  is  work  for  every  one  of  us,  to  be  performed 
daily  and  perpetually,  wherever  we  may  be.  It  is  not  only  a  moral  duty, 
but  is  one  of  the  best  expedients  for  making  sure  of  permanent  tenure  of 
our  positions  and  the  salaries  thereto  attached.  How  many  of  our 
engineers  are  now  enjoying  princely  honorariums  in  Russia?^  None. 
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How  many  are  at  work  in  Mexico?  Very  few.  What  is  the  fundamental 
reason  in  both  countries?  Illiteracy.  How  many  engineers  will  be 
thrown  out  of  employment  if  bolshevism  carries  out  its  declared  program 
in  the  United  States?  Untold  thousands.  Is  it  not  then,  in  the  moet 
Uteral  sense,  our  job  to  protect  our  jobs  by  dissolving  and  dispersing 
the  clouds  of  prejudice  and  ignorance  which  threaten  the  existence  of  aU 
kinds  of  employment  and  the  destruction  of  all  industry?  Yea,  verily. 
Nor  is  the  laboring  man  the  only  one  who  needs  educating.  We 
need  it  ourselves;  and  so  do  Congress  and  Capitalists,  managers,  and  the 
general  public.  The  engineer's  own  education  is  too  often  defective  in 
economics  and  politics,  and  he  suffers  thereby.  He  is  wounded  in  his 
most  sensitive  parts  by  bad  mining  laws,  by  wrong  principles  of  taxation, 
by  ill-advised  governmental  regulation.  In  the  conduct  of  all  these  matters 
he  often  has  a  keen  sense  of  defective  functioning,  but  is  not  sure  of  the 
remedy,  nor  skillful  and  earnest  in  urging  its  adoption ;  and  in  his  perplexity 
often  decides  that  he  is  not  the  doctor  nor  the  plumber  to  stop  up  that 
particular  leak!  And  when  the  trouble  has  grown  irritating  and  chronic 
and  no  one  provides  a  cure  he  is  apt  to  become  cynical  and  to  blame  society 
and  the  government  for  a  situation  which  he  himself  should  have  helped 
to  alleviate. 

Now,  Brother  Engineers,  let  us  have  more  confidence  in  the  essential 
fair-mindedness  of  our  fellows;  let  us  believe  in  the  future  of  our  country; 
let  us  feel  some  responsibility  for  the  condition  of  society;  let  us  individu- 
ally and  through  our  Institute  and  kindred  organizations  cultivate 
simplicity  of  analysis,  clearness  of  thought,  expression  in  words  of  one 
syllable,  and  let  us  seek  means  by  which  we  may  increase  our  moral  effi- 
ciency, improve  the  relations  between  the  citizen  and  the  government, 
between  the  employer  and  the  employed ;  and  so  add  to  the  sum  of  human 
happiness.  The  task  may  appear  great  but  there  are  many  workers  and 
there  will  be  an  abundant  reward  in  the  resultant  and  well  justified 
consciousness  of  service  rendered  combined  with  a  swelling  sense  of  pride 
of  profession,  pride  of  race,  and  pride  of  country. 

EXCURSION  TO  FEDERAL  SHIPBUILDING  PLANT 

On  Thursday,  February  20,  about  240  attended  the  excursion  to  the 
Federal  Shipbuilding  Plant,  at  Newark,  N.  J.,  where  through  the  courtesy 
of  the  manager,  Mr.  Robert  McGregor,  and  his  assistant,  Mr.  W.  A.  Bush, 
the  entire  plant  and  the  ships  under  construction  were  open  to  the  visitors. 
An  unusual  feature  of  the  trip,  worthy  of  note  at  the  beginning,  was 
the  manner  in  which  the  party  was  guided  about  the  plant.  Thirty  or 
more  guides  were  provided.  Each  of  whom  wore  a  large  badge  bearing 
a  number  and  was  provided  with  ten  pasteboard  tags,  bearing  the  same 
number  as  that  on  his  badge,  which  were  given  to  the  guests.  These 
constituted  his  party,  for  which  he  was  responsible  during  the  trip.  These 
tags  were  given  out  when  the  party  went  through  the  gate  and  the  guides 
kept  their  parties  intact  and  the  specified  number  of  minutes  behind  the 
party  ahead.  This  not  only  prevented  crowding,  but  prevented  the 
bunching  of  visitors  around  some  prominent  member  of  the  Institute  or 
some  fair  feminine  attraction,  and  gave  a  party  of  suitable  size  so  that 
the  guide  could  give  descriptions  and  explanations  so  that  all  could  hear. 
A  specified  route  for  the  visitors  had  been  laid  out  and  it  had  been  ar- 
ranged that  in  all  of  the  departments  through  which  they  were  taken, 
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there  would  be  few  or  no  obstructions.  Great  care  was  taken  to  prevent 
accidents  and,  thanks  to  the  foresight  of  the  management^  none  occurred, 
although  it  was  an  extremely  busy  place. 

There  are  twelve  ways  at  the  plant  with  a  ship  being  built  on  each, 
which  were  in  various  stages  of  construction,  from  one  with  an  uncom- 
pleted keel  to  another  that  will  be  launched  in  about  a  week.  Three 
recently  launched  ships  were  floating  in  the  basin,  almost  completed, 
and  one  completed  ship  left  the  plant  and  started  out  to  sea  as  the 
visitors'  train  arrived. 

The  Federal  Shipbuilding  Co.  was  formed  in  July,  1917,  by  the  United 
States  Steel  Corporation,  in  order  to  assist  in  the  great  shipbuilding 
program  being  carried  out  by  the  United  States  Shipping  Board  for  war 
purposes.     The  plant  is  situated  on  the  west  bank  of  the  Hackensack 
Aiver^  and  comprises  about  185  acres  of  land,  originally  marsh,  practi- 
cally covered  by  water  at  high  tide.     About  750,000  cu.  yd.  of  fill  was 
obtained  by  the  excavation  of  the  wet  basin  and  dredging  of  the  Hacken- 
sack River  and  a  final  top  fill  of  cinders  was  applied.    The  first  pile  was 
driven  on  Aug.  6,  1917,  and  the  construction  work  was  prosecuted  in  a 
most-  energetic  manner,  despite  the  severe  winter  and  other  difficulties. 
All  of  the  facilities  and  organization  of  the  United  States  Steel  Cor- 
poration were  generously  placed  at  the  service  of  the  Federal  Shipbuilding 
Co.,  which  accounts  for  the  remarkable  and  substantial  progress  made. 
The  plant  is  entirely  self-contained,  having  twelve  ways,  and  a  fitting-out 
basin  capable  of  accommodating  eight  steamers  at  one  time,  beside  the 
Jiecessary  workshops  for  carrying  out  every  detail  of  manufacture  required 
in  ship  construction.    Special  attention  has  been  paid  to  welfare  work 
and  safety  appliances  as  carried  out  in  the  other  subsidiary  companies 
of  the  Corporation. 

The  first  keel  was  laid  in  November,  1917,  and  up  to  the  present  time 
nine  boats  have  been  launched  and  five  delivered.  These  steamers  are 
410  ft.  over  all,  66  ft.  beam,  with  a  deep  draft  of  27  ft.,  carrying  9600 
tons  of  cargo,  and  will  make  a  speed  of  11)^^  knots  loaded.  Satisfactory 
results  have  been  given  by  all  the  vessels  delivered,  and  the  boats  are  a 
fine  type  of  the  modem  economical  cargo  carrier. 

In  order  to  make  the  greatest  possible  progress  xmder  war  conditions, 
about  60  per  cent,  of  the  first  thirty  steamers  was  fabricated  by  the 
American  Bridge  Co.  and  sent  into  the  plant  all  ready  for  erection, 
the  remaining  portions  consisting  of  the  two  ends  were  fabricated  in  the 
plant. 

During  the  early  part  of  1918,  extensive  preparations  were  made  for 
carrying  out  experimental  electric  welding  with  the  view  of  building 
steamers  without  rivets.  This  work  was  under  the  charge  of  the  Emer- 
gency Fleet  Corporation's  Experimental  Section,  but  on  the  signing  of  the 
armistice,  operations  were  suddenly  stopped,  and  the  equipment  is  now 
dismantled. 

After  the  plant  had  been  inspected,  the  party  was  conducted  to  the 
Did  office  building,  now  «sed  as  a  restaurant,  where  a  very  elaborate 
luncheon,  comprising  soup,  celery,  oUves,  roast  chicken,  candied  sweet 
potatoes,  peas,  salad,  sandwiches,  desert,  and  coffee,  was  served.  After 
the  luncheon,  two  very  brief  and  interesting  speeches  were  made  by 
Mr.  Bush  of  the  plant  and  Mr.  Henry  of  the  excursion  committee,  and 
m|[enthusiastically  unanimous  vote  of  thanks  was  given  to  the  manage- 
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ment  of  the  plant  for  their  most  generous  courtesies  and  a  most  interest- 
ing trip. 

MEMORIAL  SERVICE  TO  DR.  ROSSITER  W.  RAYMOND 

All  technical  sessions  Monday  afternoon  were  brought  to  an  end  in 
time  for  the  members  to  gather  in  the  Auditorium  as  the  Institute  paid 
its  tribute  to  Dr.  Rossiter  W.  Raymond.  In  opening  this  meeting, 
President  Jennings  said : 

We  have  gathered  here  to  render  our  tribute  of  honor  and  affection 
to  the  memory  of  one  who  was  for  47  years  the  guiding  genius  of  this 
Institute.  One  of  its  founders,  and  at  that  early  day  one  of  the  foremost 
in  his  profession,  he  saw  it  grow  from  infancy  to  the  great  body  it  is  to- 
day. At  the  beginning,  as  now,  its  membership  comprised  the  leaders  in 
geology,  mining,  metallurgy,  and  technical  education.  Because  so  many 
.were  qualified  to  lead,  and  because  ambition  is  an  essential  qualificar 
tion  for  leadership,  the  most  momentous  of  the  problems  coming  before 
them  for  solution  was  the  selection  of  the  one  to  whom  they  could  confide 
the  care  and  direction  of  the  institution  which  was  to  record  their  pro- 
ceedings and  to  stand  as  an  enduring  monument  of  their  accomplish- 
ments. Their  decision  would  determine  whether  the  members  of  this 
group  of  leaders  were  to  be  cooperators  or  competitors — ^associates  with 
a  common  purpose  or  rivals  for  individual  advancement. 

The  selection  of  Rossiter  Worthington  Raymond  for  Vice-president, 
President,  and  finally  Secretary;  his  retention  in  that  office  for  27  su^ 
cessive  years;  his  elevation  to  the  office  of  Secretary  Emeritus  and  to 
Honorary  Membership,  constitute  a  testimonial  greater  than  any  honor 
that  we  can  offer  to  his  memory.  In  holding  these  exercises  to-day, 
we  simply  voice  our  confirmation  of  the  wisdom  displayed  by  his  col- 
leagues in  placing  in  his  hands  the  guidance  of  their  enterprise. 

The  Resolutions  passed  by  the  Directors,  and  printed  elsewhere  in 
this  Bulletin,  were  then  read.  Afterward,  Dr.  Henry  S.-  Drinker, 
president  of  Lehigh  University  and  one  of  the  two  survivors  of  the  twenty- 
two  who  attended  the  first  session  of  the  Institute,  was  then  introduced. 

Address  op  President  Drinker  , 

A  friend,  whom  we  loved,  has  gone  from  among  us.  He  was  a  man 
who  by  his  genius  dominated  any  assembly  in  which  he  stood.  He 
was  a  teacher  of  teachers,  a  leader  in  all  the  many  lines  in  which  his 
energetic  able  personality  led  hira. 

Of  his  eminence  as  an  engineer,  and  of  his  ability,  learning,  and  sur- 
passing power  in  argument  and  presentation  as  an  expert  and  as  a  lawyer, 
I  will  not  speak — the  tributes  paid  him  by  Mr.  Rickard  and  Mr.  In^Us 
are  so  well  studied  that  they  should  stand  as  the  record  of  our  friend's 
professional  reputation.  He  was  a  wonderful  man  in  the  absolute  ab- 
sence of  pretense  in  all  that  he  said  and  did.  If  Raymond  said  it  yoa 
could  rely  it  was  so — and  his  mind  was  so  encyclopedic — ^his  leaminf 
so  vast,  that  association  with  hira  was  an  education,  intensive  and  broad. 

It  was  my  privilege  to  know  him  for  a  life-time.  We  were  associated: 
with  the  founding  of  our  Institute  at  Wilkes-Barre  in  May,  1871.  I  was 
then  a  young  fellow  just  stepping  out  into  practice  from  college  training; 
under  Roth  well  in  the  Lehigh  School  of  Mines,  and  Ra3anond  and  Rotb-^ 
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well,  Coxe  and  Coryell,  the  men  who  organized  the  first  coming  together 
of  the  Institute,  were  men  in  the  leadership  of  the  profession,  earnest, 
enthusiastic — early  exponents  of  the  profession  they  dignified  and  in 
fact  introduced  into  this  countiy. 

From  the  beginning,  Dr.  Raymond's  trained  mind,  inexhaustible 
energy,  and  wonderful  aptitude  of  expression  enhanced  by  his  personal 
charm  of  manner,  meant  everything  in  the  early  setting  and  development 
of  our  Institute,  which  has  grown  into  such  a  power  in  the  engineering 
progress  of  our  land. 

We  all  pay  tribute  to  Dr.  Raymond's  recognized  ability  and  power  of 
leadership — but  there  are  today  but  few  of  us  left  who  can  personally 
turn  and  look  back  over  a  half  century  of  actual  association  with  him,  a 
precious  privilege  filled  with  memories  of  a  man  of  whom  it  may  well  be 
said  he  was  typical  of  "Whatsoever  things  are  true,  whatsoever  things  are 
honest,  whatsoever  things  are  just,  whatsoever  things  are  pure,  whatso- 
ever things  are  lovely,  whatsoever  things  are  of  good  report,"  for  he  was 
of  virtue — and  we  may  well,  in  thinking  of  him,  think  of  these  things. 
Dr.  Raymond  was  generous  in  his  encouragement  and  aid  to  younger 
men.  I  can  personally,  with  all  my  heart,  echo  the  words  of  Ingalls  in 
his  recent  splendid  tribute  to  Raymond  where  he  speaks  of  having  in  his 
early  association  with  the  Engineering  and  Mining  Journal  looked  on 
Raymond  as  "  a  guide,  philosopher,  and  friend,"  trite  words — but 
never  more  aptly  or  better  or  more  truthfully  applied. 

Dr.  Raymond's  history  has  been  recorded,  and  his  engineering  record 
has  been  and  is  being  given  by  men  far  better  fitted  than  I  to  do  technical 
justice  to  so  large  a  subject.  It  is  for  me  as  one  of  Raymond's  many 
friends  and  admirers,  one  of  his  old  friends,  yet  speaking  from  the  stand- 
point of  one  younger  than  he  and  ever  looking  up  to  him  as  a  leader  and 
teacher,  to  pay  tribute  to  his  personal  quaUties  that  so  endeared  him  to  all 
who  were  privileged  to  know  him.  I  owe  a  great  personal  debt  to  him  for 
encouragement  and  aid  to  me  as  a  young  man,  and  I  am  moved  to  speak 
of  it  only  as  an  instance  of  what  was  common  to  so  many,  for  he  was  ever 
ready  with  counsel  and  cheering  words  of  uplift  and  practical  suggestion 
to  the  younger  men  who  came  under  his  observation,  and  in  this  he 
typified  in  person,  what  our  Institute  has  done  as  an  association.  Found- 
ed as  it  was  by  men  of  large  heart  and  human  sympathy,  such  as  Ray- 
mond and  Eckley  B.  Coxe,  the  Institute,  particularly  in  its  younger  days 
when  our  membership  was  small,  and  the  friendships  engendered  among 
members  were  intimate  and  common  to  all,  did,  and  indeed  has  ever 
i^ntinued  to  do,  a  great  work  in  giving  to  young  engineers  who  came  into 
ts  fold  opportunity  for  betterment  by  association  with  older  and  eminent 
nen,  with  an  opening  for  the  publication  and  discussion  of  their  engineer- 
ng  experiences,  and  theories.  In  the  development  of  this  practice,  and 
IS  the  able  Editor  for  many  years  of  our  Transactions,  Dr.  Raymond 
wer  showed  his  kindly  sympathetic  helpful  nature,  and  the  men,  and 
heir  number  is  legion,  whom  he  so  aided,  pay  tribute  today  to  his  mem- 
ory with  loving  gratitude  and  appreciation. 

He  was  a  wonderful  man  in  his  faculty  of  doing  so  well  so  many 
Hfferent  things. 

Did  his  record  rest  only  on  his  professional  work  as  mining  engineer, 
aetallurgist  and  mining  lawyer,  his  frjends  might  be  content,  but  he 
iras  not  content  with  this.    Dr.  HilUs  has  told  us  in  his  beautiful  tribute 
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to  our  friend,  of  Dr.  Raymond's  leadership  in  religious  work  in  Plymouth 
Church,  and  how  after  Mr.  Beecher's  death  Dr.  Raymond  was  asked  to 
retire  from  his  engineering  and  editorial  work  and  take  up  the  pastorate 
of  Plymouth  Church  (and  how  beautifully  his  reply  reflects  Dr.  Raymond 
in  his  sincerity,  good  judgment,  and  never-failing  humor) — Dr.  Raymond 
said,  that  the  Providence  of  God,  through  his  fathers,  had  lent  him  certain 
gifts,  and  by  His  providence  guided  him  into  an  appointed  path,  and 
now  that  his  life  journey  had  been  two-thirds  fulfilled,  he  did  not  believe 
that  the  Lord  was  going  to  return  to  the  beginning  of  that  path,  and 
reverse  Himself,  and  he  would,  therefore,  follow  the  way  appointed  to 
the  end  of  the  road. 

And  in  Plymouth  Church  and  the  friendships  he  made  and  cherished 
there,  we  can  see  how,  while  laboring  for  the  good. of  his  fellow-men,  and 
for  their  souls^  good,  he  yet  rested  from  his  professional  work,  and  took 
pleasure  and  solace  in  his  touch  with  the  Church  and  Sunday  School  in 
which  his  heart  delighted. 

His  addresses  in  the  Church,  of  which  many  have  been  published, 
show  a  vivid  and  ever  fresh  and  inspiring  flood  of  wise  helpful  admonition 
and  teaching — and  his  annual  Christmas  stories  to  the  Sunday  School 
children — fifty  in  all,  ending  with  the  one  given  on  Simday  December 
29th,  only  two  days  before  his  death  on  December  31st,  are  a  unique  and 
beautiful  illustration  of  the  faculty  he  possessed  of  using  his  great  gifts 
for  the  young.  The  fiftieth  and  last  of  his  Sunday  School  addr^ses 
is  as  vivid  in  interest  as  its  predecessors,  among  which  those  who  read 
them  can  never  forget  the  delicious  talks  chronicling  the  woodchuck  who 
inhabited  the  Doctor's  garden  at  Washington,  Connecticut,  and  who  is 
introduced  with  the  words  **At  our  place  in  the  country,  where  we 
spend  five  or  six  months  of  the  year,  we  have  among  other  fascinating 
attractions,  a  woodchuck  of  our  own.  That  is  nothing  very  remarkable. 
The  whole  region  is  full  of  woodchucks,  and  the  difficulty  is  not  to  have 
one.*  *  *  Our  Garden  is  not  far  from  his  hole  on  the  lawn,  yet  he  never 
comes  into  the  garden — for  which  reason  we  call  him  Maud,  after  the 
lady  in  Tennyson's  poem.  That  lady  did  come  into  the  garden;  but  then 
she  was  invited.  If  the  gentleman  had  sung  to  her  "Don't  come  into 
the  garden,  Maud,"  or  even  if  he  had  never  mentioned  the  garden,  I  am 
sure  she  would  have  stayed  away  politely,  just  as  our  Maud  does,"— 
and  then  the  address  goes  on  with  Raymond's  never  ending  sense  of 
humor,  deliciously  emphasizing  the  wise  words  on  current  events  and 
international  politics  that  are  voiced  by  the  woodchuck  in  his  conference 
with  his  host. 

As  Ingalls  haswell  said,  Dr.  Raymond  was  one  of  the  most  remarkable 
cases  of  versatility  that  our  country  has  ever  seen — sailor,  soldier,  engineer, 
lawyer,  orator,  editor,  novelist,  story-teller,  poet.  Biblical  critic,  theolo- 
gian, teacher,  chess-player — he  was  superior  in  each  capacity.  What  he 
did  he  alwavs  did  well. 

In  his  writings  and  poems  his  ever-present  sense  of  humor  shone 
out — and  yet  always  there  was  an  adumbration  of  wise  reflection  or 
suggestion — often  a  direct  emphasis  of  advice  on  current  questions  of 
the  day.  In  his  wonderful  story  of  "The  Man  in  the  Moon,"  published 
over  forty  years  ago,  and  doubtless  reflecting  some  of  his  own  personal 
experiences  as  an  officer  in  the  Civil  War,  Dr.  Raymond  recorded  in  his 
inimitable  way  what  today  may  well  be  read  as  a  prophetic  utterance 
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on  the  folly  and  the  wickedness  of  the  world  war,  in  his  account  of  the 
way  that  the  opposing  soldiers  in  the  ranks  came  together  on  Christmas 
Day — and  how  a  sentiment  in  favor  of  peace  spread  from  the  ranks  to 
the  peoples  concerned  until  the  Generals  in  charge  of  the  war,  and  the 
Governing  authorities  of  the  countries  concerned,  awakened  to  the  folly 
of  the  contention  in  which  they  had  been  striving  and  came  together  in  a 
peaceful  solution. 

The  story  is  an  immortal  one,  and  those  of  you  who  have  not  read 
it,  have  a  great  treat  in  store  when  you  find  it.  "The  Man  in  the  Moon 
—A  War  Story." 

Dr.  Raymond's  home-life  was  ideally  beautiful  and  loving.  On 
Christmas  Day  just  passed  this  little  poem — so  characteristic  of  him, 
and  so  expressive  of  the  love  he  bore  Mrs.  Rajrmond,  accompanied  his 
gift  to  her  of  a  bond : 

"Tis  strange,  Oh  Lady  I  fair  and  fond 

Of  me  (as  likewise  I  of  you) 
That  there  should  be  another  bond 

Between  us  two! 

"You  do  not  need  this  thing  to  make 

Your  life  more  full  of  hope  and  rest; 
And  yet  sometimes  you  well  might  take 

More  interest! 

"And  there  is  nothing  better  serves 
For  weary  hearts  and  hands  to  droop  on 

And  stimulate  exhausted  nerves 
Than  a  good  coupon." 

Dr.  Raymond  suffered  a  great  sorrow  in  the  loss  of  the  son  of  whom 
he  was  so  justly  proud,  a  loss  that  he  bore  with  a  man's  fortitude,  and 
in  which  he  was  upheld  by  the  faith  and  hope  that  his  life  so  strilangly 
exanplified.  That  he  should  have  been  first  taken,  leaving  here  the  wife 
to  whom  he  devoted  so  many  years  of  loving  care  is  a  part  of  that  great 
mystery  into  which  we  cannot  look,  but  she  at  least  has  the  comfort  of 
the  memory  of  her  knight  as  one  "Without  fear  and  without  reproach'' 
a  Bayard  among  warriors — a  Sir  Percival  among  knights. 

Dr.  Raymond  belonged  to  many  societies  and  his  abilities  received 
due  recognition  in  many  honorary  titles  from  societies,  universities  and 
colleges.  Among  them  it  was  the  pleasure  and  honor  of  Lehigh  Univer- 
sity to  confer  on  Dr.  Raymond  in  June,  1906,  the  first  Doctorate  of  Laws 
ever  granted  by  the  Institution.  When,  in  1906, 1  was  asked  by  my  fellow- 
alumni  of  Lehigh  to  lay  aside  my  professional  work  and  take  on  the 
responsibility  of  the  Presidency  of  Lehigh  University,  it  was  to  Dr. 
Raymond  I  went  for  advice  on  my  course.  He  urged  me  to  take  it 
up  and  during  the  years  since  then  I  have  reason  to  be  grateful  for  his 
steady  counsel  and  support,  and  his  visits  to  speak  to  our  student  body 
have  ever  been  welcome  and  uplifting. 

He  and  our  honored  Dr.  Drown  and  I  had  a  close  and  common  bond 
m  the  association  we  all  three  had  with  Lehigh,  and  I  know  of  no  words 
more  fittingly  applicable  to  Dr.  Raymond  than  those  he  spoke  of  Dr. 
Drown  at  the  time  we  laid  the  foundation  of  Drown  Memorial  HaU  on 
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our  Lehigh  Campus.  Dr.  Raymond  said:  "How  well  I  remember  that 
sunny  afternoon  at  Philadelphia,  when,  in  the  sacred  stillness  of  'God's 
Acre,'  ringed  with  the  noisy  life  of  the  metropolis,  we  buried  in  flowers 
and  evergreens  the  body  of  our  beloved  friend,  while,  overhead  branches, 
like  these,  waved  their  solemn  murmurous  benediction,  and  all  around  us 
white  fingers  pointed  upward,  mutely  saying,  *He  is  not  here;  he  is 
risen!' — and  in  our  ears  sounded  that  deep,  dear  message  of  the  Spirit, 
chanting  how  the  blessed  dead  rest  from  their  labors,  while  their  works 
do  follow  them ! 

"  Methinks  we  do  not  always  perceive  the  full  meaning  of  that  mes- 
sage. Too  often  we  interpret  it  as  saying,  They  depart;  they  cease 
from  their  labors;  and  the  work  they  have  done  takes  their  place,  as  their 
only  representation  on  earth,  as  all  that  is  now  left  of  their  fruitful 
power.'  Surely,  this  is  not  all.  To  rest  is  not  to  cease;  to  follow  is  not 
to  remain  behind  forever  separated  from  the  leader,  but  rather  toabide 
with  the  leader,  though  he  be  on  the  march. 

"Our  human  experience  is  not  without  interpreting  analogies.  We 
know  what  it  is  to  rest  from  our  labors  for  a  few  happy  summer  weeks, 
lajdng  upon  other  shoulders  the  daily  burden  and  upon  other  hearts  the 
daily  anxiety,  yet  still  in  forest  solitudes  or  up  shining  sumLmits  or  by 
the  boundless  sea,  carrying  with  us  in  a  higher  mood  our  work — ^weighing 
it  more  accurately,  because  we  are  not  too  tired;  seeing  it  more  clearly, 
because  we  are  out  of  the  dust  of  it;  realizing  its  proportions  and  purpose, 
because  distance  gives  us  a  perspective  view;  tasting  its  full  sweetness, 
because  its  bitter  cloudy  precipitate  has  had  time  to  settle;  and  renewing 
our  high  ambitions  for  it  as  we  renew  our  strength  for  it.  We  rest  from 
our  labors,  but  our  work  goes  with  us,  inseparably — only  now  we  bear 
it,  not  as  weight,  but  as  wings. 

"So,  it  seems  to  me,  we  are  to  think  of  our  absent  dead;  they  rest, 
but  do  not  cease;  they  go  on,  and  their  work  goes  on  with  them.  Indeed, 
the  interpretation  is  yet  deeper.  To  ray  ears,  the  Spirit  says,  'Blessed  are 
they  who  have  labored  so  earnestly  as  to  deserve  the  rest  of  a  hi^er 
sphere  of  labor,  and  who  have  left  behind  them  works  which  deserve 
to  follow  them,  and  to  receive,  even  in  that  higher  sphere,  their  continued 
remembrance  and  interest.'" 

How  more  fittingly  can  I  close  this  tribute  to  the  memory  of  our 
beloved  friend  than  by  these  his  own  words,  spoken  of  a  friend  dear  to  him, 
and  honored  by  us  aU — ^words  that  today  we  may  cite  as  a  requiem  and 
fitting  thought  of  Rossiter  W.  Raymond  himself,  loved  by  us,  whose 
name  will  go  down  in  the  annals  of  our  Institute  as  that  of  a  super-man 
of  many  parts  to  whom  we  owe  much. 

Address  op  T.  A.  Rickard 

'*  Brethren" — ^it  was  thus  that  he  addressed  us  on  an  occasion  that 
many  of  you  will  remember:  in  1893,  at  Chicago,  at  the  closing  session 
of  the  International  Engineering  Congress.  Other  men,  representing 
other  nations,  had  spoken — some  of  them  in  poor  English — before  he  was 
called  upon  to  reply  for  the  arts  of  raining  and  metallurgy  in  America. 
When  he  said  "Brethren,"  the  audience  was  startled  into  lively  attention, 
which  was  maintained  throughout  his  speech;  for  then,  as  always,  he 
knew  how  to  reach  the  minds  of  men,  and  their  hearts  too.  I  remember 
his  saying  that  those  present  had  taken  part  in  numerous  sdentific 
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discussions;  thai  they  had  evolved  new  ideas  and  had  discovered  new 
principles,  but  that  they  had  done  something  much  better:  they  had 
"discovered  one  another/'    So  sa3ring  he  put  hw  finger  on  the  distinctive 
feature  of  all  such  conventions.    His  mode  of  salutation  also  reminded 
those  of  us  who  were  his  personal  friends  that  he  was  an  evangelist  as  well 
as  an  engineer,  and  that  he  could  instruct  a  bible-class  in  Job  or  St.  Paul 
with  the  same  power  of  exposition  as  he  could  deliver  a  lay  sermon  on 
mining  or  metallurgy.    Indeed  Rossiter  Raymond  was  a  deeply  religious 
man,  and  no  sympathetic  imderstanding  of  his  extraordinarily  versatile 
character  is  possible  without  appreciating  this  fact.    He  was  not  only  a 
prominent  member  of  Plymouth  Church,  Brooklyn;  he  was  superintend- 
ent of  the  Sunday-school  for  25  years,  he  led  in  prayer-meeting  and  in 
bible-class,  he  interpreted  the  Old  Testament  during  the  period  when  the 
so-called  higher  criticism  was  undermining  the  faith  of  the  churches,  and 
he  aided  Henry  Ward  Beecher  in  steering  his  congregation  through  the 
storm  of  biblical  exegesis  that  crossed  the  Atlantic  forty  years  ago.    The 
eminence  that  he  attained  as  a  religious  teacher  is  measurable  by  the  fact 
that  when  Beecher  died  the  trustees  asked  him  "to  give  up  his  work  as 
editor,  lawyer,  and  mining  engineer,  and  take  the  pastorate  of  Plymouth 
Church,"  as  recorded  by  the  Rev.  Dr.  Dwight  ffillis.    He  declined  the 
honor,  thinking  it  better  "to  give  his  life  and  strength  to  the  vocation 
of  an  interpreter,  chronicler,  guide,  and  assistant  to  engineers,  rather  than 
to  that  of  a  creative  and  constructive  leader."    I  quote  the  words  he 
himself  used  on  the  occasion  of  the  dinner  celebrating. his  70th  birthday. 
Not  many  in  the  mining  profession  knew  this  phase  of  his  character, 
although  during  his  journeys  through  the  West  he  would  occasionally 
take  the  pulpit  in  some  mining  community  and  surprise  a  congregation 
that  knew  him  only  as  the  most  distinguished  of  the  experts  engaged 
during  the  previous  week  in  an  important  apex  litigation.    I  have  spoken  of 
the  part  he  played  in  the  history  of  Plymouth  Church,  but  his  deeply  relig- 
ious nature  was  never  so  brought  home  to  me  as  when  his  son  Alfred  died  in 
1901.    He  was  a  son  of  whom  any  father  might  feel  proud;  gifted  and 
amiable,  and  on  the  threshold  of  a  brilUant  career.    When  he  died 
Dr.  Raymond  proved,  if  it  were  necessary,  the  sincerity  of  his  religious 
convictions,  for  his  glad  way  of  speaking  of  his  departed  son  showed  his 
confidence  in  a  future  reunion.    I  never  saw  a  more  convincing  expres- 
sion of  the  belief  in  immortaUty  than  in  the  attitude  of  Alfred  Raymond's 
father  and  mother.     It  were  improper  for  me  therefore  on  this  occasion 
to  speak  of  the  passing  of  our  honored  friend  in  a  lugubrious  strain.     I 
shall  speak  of  his  life  and  career  as  an  inspiring  memory  to  be  treasured 
as  a  heritage  of  our  profession;  and  in  doing  so,  I  shall  abstain  from 
flattery.     To  extol  the  honored  dead  with  honeyed  words  is  an  imperti- 
nence.   Rossiter  Rajrmond's  career  was  so  rich  in  performance  as  to 
require  none  of  the  insincerities  of  conventional  biography. 

To  the  profession.  Dr.  Raymond's  work  as  Secretary  of  the  American 
Institute  of  Mining  Engineers  was  the  outstanding  feature  of  his  su- 
premely useful  life.  When  the  Institute  was  founded,  in  1871,  he  was 
elected  vice-president,  with  the  understanding  that  he  would  perform  the 
duties  of  president,  which  David  Thomas,  by  reason  of  his  age,  could  not 
discharge.  Thus  IFrom  the  beginning  Raymond  was  the  real  president, 
and,  on  the  resignation  of  Mr.  Thomas,  a  few  months  later,  he  became 
president,  in  name  as  well  as  in  fact;  thereafter  to  be  elected  again  and 
again,  imtil  an  amendment  to  the  rules,  proposed  by  himself,  provided 
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that  no  president  could  serve  more  than  two  years.  Soon  afterward, 
in  1884,  he  became  Secretary,  a  post  that  he  held  for  28  years— until 
his  retirement  from  active  service  in  1912.  He  was  Secretarj'^  Emeritus 
until  the  end. 

The  duties  of  the  Secretary  included  the  editing  of  the  Transactions. 
For  this  he  was  well  prepared.  He  had  been  the  writer  of  successive 
volumes  of  the  "Mining  Statistics  West  of  the  Rocky  Mountains;"  he 
had  been  editor  of  the  ** American  Journal  of  Mining'^  for  one  year,  in 
1867,  and  for  the  seven  following  years  the  editor  of  its  successor,  the 
"  Engineering  and  Mining  Journal,"  of  which  he  continued  to  be  associate 
editor  with  Richard  P.  Rothwell  until  they  had  a  friendly  disagreement 
over  the.  "silver  question"  in  1893,  after  which  he  withdrew  from  editorial 
responsibility,  becoming  a  "special  contributor,"  in  which  capacity  he 
assisted  the  editors  that  succeeded  Rothwell.  Thus  he  took  a  notable 
part  in  the  development  of  technical  journalism  in  this  country;  but  I 
regard  his  share  in  the  early  editing  of  the  Journal  as  important  chiefly 
because  it  was  a  training  for  his  life-work,  that  of  Secretary  of  the  In- 
stitute. It  is  noteworthy  that  as  the  owner  of  the  Journal  in  its  early 
days  he  found  the  work  of  writing  and  editing  far  more  to  his  taste  than 
the  management,  for  in  financial  affairs  he  was  too  kindly  to  be  a  shrewd 
business-man. 

As  Secretary  of  the  Institute  he  performed  divers  duties;  he  invited 
written  contributions  and  revised  them  before  publication;  he  organized 
the  meetings;  he  was  the  administrator.     In  course  of  time  his  ebullient 
personaUty  so  dominated  the  Institute  that  he  was  allowed  a  free  hand  to 
do  as  he  thought  fit.    Presidents  came  and  went;  although  nominally 
Secretary,  he  exercised  complete  control.    The  personnel  of  the  board  of 
management,  or  "council,"  of  the  Institute  changed  from  year  to  year, 
but  Dr.  Raymond  managed  its  affairs,  practically  without  let  or  hindrance. 
The  Institute  became  identified  with  him.     For  a  period  longer  than  a 
generation  he  was  the  mainspring  of  the  activities  of  the  Institute,  its 
presiding  genius,  its  chief  spokesman.     Those  who  participated  in  the 
meetings  of  ten  or  twenty  years  ago  will  retain  a  vivid  impression  of  the 
way  in  which  Dr.  Raymond  stamped  his  individuality  on  the  organization. 
Courteous  and  friendly  to  all,  resourceful  and  tactful  in  steering  the 
discussions,  witty  and  eloquent  whenever  he  rose  to  his  feet,  he  was  the 
managing  director  of  the  proceedings;  he  gave  point  and  distinction  to 
them;  he  infused  them  with  his  keen  enthusiasm;  he  lighted  them  with 
the  brilUance  of  his  mind.     His  versatility  was  unlimited.     All  knowledge 
Was  his  patrimony  and  nothing  human  was  alien  to  his  understanding. 
Whatever  the  subject  of  a  paper,  he  could  add  something  to  it;  nay  more, 
on  many  occasions  when  some  new  phase  of  geology  or  engineering  was 
presented    for    discussion,  he  would  rise  to  supplement  the  speaker's 
remarks  and  show  himself  so  well  informed  on  the  subject  as  to  eclipse 
the  specialist.     He  did  this  not  unkindly,  but  out  of  super-abundance  of 
knowledge  and  sheer  exuberance  of  spirit.     On  the  other  hand,  no 
member  engaged  in  preparing  a  paper  for  the  Transactions  failed  to 
obtain  his  whole-hearted  assistance  in  collecting  the  necessary  data  or  in 
hunting  for  the  needed  references.     When  the  member's  manuscript 
arrived,  the  Doctor  went  through  it  with  painstaking  care.     Before  the 
use  of  the  typewriting  machine  came  into  vogue,  and  even  after,  he  would 
send  letters  in  long-hand  of  as  much  as  ten  pages,  explaining  or  suggesting 
improvements  in  the  text.    As  a  beneficiary  of  his  conscientious  industry. 
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I  can  testify  to  the  instruction  in  the  art  of  writing  that  he  gave  to  those 
who  contributed  to  the  Transactions.    He  was  a  delightful  helper  and  a 
stimulating  teacher.    If  any  criticism  is  to  be  made,  I  venture  to  suggest 
that  he  over-edited;  that  is  to  say,  the  writings  of  the  inexperienced 
were  so  much  revised  as  to  be  practically  re-written  by  him.    He  would 
take  the  half-baked  production  of  a  semi-literate  engineer  and  subject 
it  to  the  warmth  of  his  intellectual  combustion  until  it  emerged  a  whole- 
some biscuit.    I   recall  a  valuable  metallurgical  paper,  written  by  a 
professor  now  recognized  as  an  authority,  that  was  so  full  of  German 
idioms  that  Dr.  Raymond  had  to  re-write  it.    Shortly  before  the  Colo- 
rado meeting  of  1896  I  persuaded  a  Cornish  mining  engineer  to  contribute 
a  paper  on  the  lode-structure  of  Cripple  Creek.    He  was  a  keen  observer, 
but  a  poor  writer;  when  the  paper  arrived  it  was  quite  unsuitable  for 
publication.     Dr.  Raymond  showed  it  to  me  and  said,  **What  am  I  to 
do  with  this?  "     I  replied,  "  Don't  accept  it."    "  No, "  said  he, ''  that  would 
not  be  fair;  we  asked  him  to  write  it. "     **  Yes,  ^'  1  said,  **  but  I  am  respon- 
sible for  asking  him;  let  me  lick  it  into  shape."     "No,"  he  insisted, 
"that  is  my  job,  I'll  see  what  I  can  do  with  it."     He  did,  and  he  did  it  so 
thoroughly  that  my  Cousin  Jack  friend  obtained  credit  for  an  informing 
and  well-written  contribution  to  the  Transactions.     The  result  of  such 
revision  was  to  lessen  the  value  of  the  paper  as  scientific  evidence.     The 
authenticity  of  the  testimony,  it  seems  to  me,  suffered  by  being  given 
through  the  mouth  of  a  skilled  advocate.     On  the  other  hand,  this  over- 
plus of  editorial  labor  gave  the  Transactions  a  level  of  style  that  no  other 
technical  society  could  claim  either  then  or  since.    All  technical  writing 
in  the  English  language  has  felt,  and  long  will  continue  to  feel,  the  in- 
spiration to  excellence  that  he  gave  while  editor  of  the  reference  library 
that  we  call  the  Transactions  of  the  American  Institute  of  Mining 
Engineers. 

He  left  an  enduring  mark  on  the  jurisprudence  of  mining.  A  keen 
observer  and  a  clear  expositor,  he  achieved  distinction  as  an  expert 
witness  in  the  litigation  arising  from  attempts  to  apply  the  law  of  the 
apex,  a  subject  on  which  he  wrote  a  series  of  essays  that  exercised  a  strong 
influence  on  the  interpretation  given  by  the  highest  courts  to  that  Con- 
gressional statute.  In  the  first  big  case  in  which  he  took  part,  the  famous 
Eureka-Richmond  lawsuit,  he  gave  the  term  *lode'  a  definition  that  not 
only  swayed  the  decision  in  that  controversy,  but  influenced  all  later 
mining  litigation.  On  one  occasion  he  was  invited  to  address  the  United 
States  Supreme  Court  on  a  point  of  mining  law,  and  his  exposition  is  said 
to  have  been  accepted  by  the  Court  in  its  subsequent  opinion.  At  that 
time  he  had  not  qualified  as  a  lawyer,  but  in  1898  he  was  admitted  to 
practise  in  both  the  State  and  the  Federal  courts.  Five  years  later  he 
was  appointed  lecturer  on  mining  law  at  Columbia  University. 

As  an  expert  witness,  he  was,  as  he  said  of  Clarence  King,  approvingly, 
"an  honest  partisan."  He  used  the  gift  of  exposition  with  great  effect 
when  addressing  the  jury,  under  cover  of  giving  evidence.  I  recall  the 
explanation  of  the  formation  of  mineral  veins  with  which  he  began  his 
testimony  in  the  Montana-St.  Louis  case.  Fortunate  was  the  jury  that 
had  the  opportunity  of  Ustening  to  such  a  fascinating  lecturer.  He  was 
not  only  an  able  witness  in  chief  and  extremely  dexterous  in  circumvent- 
ing cross-examination,  but  he  was  a  great  general.  He  was  quick  to 
recognize  the  important  features  of  a  case  and  skilful  in  marshalling  his 
forces  to  the  discomfiture  of  the  enemy.    In  forensic  duels  he  displayed 
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characteristic  wit  and  versatility.  This  legal  practice  was  a  source  of 
honor  and  profit  to  him,  but  I  venture  to  say  that  he  helped  geology  more 
in  other  ways. 

In  1868,  when  only  28  years  of  age,  he  was  appointed  U.  S.  Commis- 
sioner of  Mining  Statistics,  and  in  that  capacity  he  visited  the  minini; 
districts  of  the  West,  which  was  then  at  the  beginning  of  an  era  of  wide- 
spread exploration.  He  was  quick  to  appreciate  the  economic  value  of 
geology  and  to  utilize  the  opportunities  for  study  afforded  by  his  official 
travels.  In  1870,  he  was  appointed  lecturer  on  economic  geology  at 
Lafayette  College,  which  appointment  he  held  for  twelve  years. 

When  he  became  Secretary  of  the  Institute  he  transferred  his  keen 
interest  in  economic  geology  to  the  Transactions.  As  Secretary,  he 
persuaded  the  engineers  to  record  observations  made  underground  and 
at  the  same  time  he  induced  the  officers  of  the  Geological  Survery 
to  present  their  scientific  inductions  to  the  Transactions  in  a  form 
that  rendered  them  attractive  to  the  mining  profession.  Thus  he 
brought  the  official  geologist  into  touch  with  the  mine-manager  and 
consulting  engineer,  greatly  to  the  advantage  of  all.  He.  also  did  much 
to  diminish  the  self-sufficiency  of  the  Survey  and  to  lessen  the  shyness 
of  the  so-called  practical  man.  By  his  understanding  of  geology,  his 
knowledge  of  Western  mining  conditions,  and  the  zest  with  which  he 
pursued  the  application  of  geology  to  mining,  he  aided  greatly  in^  exciting 
intelligent  interest  in  the  genesis  of  ore  deposits.  The  Posepny  volume 
proves  that;  so  does  the  volume  dedicated  to  the  memory  of  his  friend 
Emmons.  In  1893,  he  translated  Posepny's  treatise  from  the  German 
into  his  own  vigorous  English,  and  organized  a  discussion  that  enhanced 
the  value  of  the  original  paper.  By  means  of  another  treatise,  by  Van 
Hise,  presented  to  the  Institute  seven  years  later,  in  1900,  he  gave  a 
fresh  impetus  to  the  study  of  ore  deposits,  the  general  result  being  to 
make  the  mining  geologists  of  this  country  the  leaders  in  a  branch  of 
study  in  which  European  scientists  had  theretofore  held  pre-eminence. 

On  his  skill  as  a  writer  it  is  pleasant  to  dwell.  He  wrote  out  of  the 
fulness  of  a  rich  mind,  an  alert  imagination,  and  an  abundant  vocabulary, 
aided  by  the  knowledge  of  several  modern  languages.  He  knew  not 
only  how  to  select  fe  motjustey  but  also  how  to  weave  words  into  ingenious 
phrases  and  to  construct  balanced  sentences,  following  each  other  in 
logical  order  within  well-proportioned  paragraphs.  He  liked  to  number 
his  paragraphs,  in  order  to  emphasize  successive  points  at  issue.  He 
wrote  with  pen  or  pencil,  usually  the  former,  because  it  is  less  rigid  and 
therefore  less  fatiguing  to  the  fingers.  He  did  not  like  to  dictate  any- 
thing except  ordinary  correspondence,  but  he  could  dictate  a  long  article 
or  legal  testimony,  punctuation  included,  with  remarkable  clearness 
and  continuity.  He  wrote  easily,  with  all  the  joy  of  the  practised 
hand  and  the  disciplined  brain.  He  twitted  one  of  his  contributors 
with  having  "an  inveterate  fluent  profuseness  of  speech"  and  the  happy 
victim  protested  that  the  phrase  exactly  fitted  him,  not  the  lesser  writer. 
He  was  fluent  and  profuse,  but  not  to  redundance  or  verbosity;  on  the 
contrary,  his  style  was  marked  by  force  and  consecutiveness,  and,  not 
infrequently,  by  those  ''saber  thrusts  of  Saxon  speech"  that  are  the 
delight  of  the  critical. 

His  literary  ability  was  partly  inherited  from  his  father,  Robert 
Raikes  Raymond,  who  was  editor  successively  of  the  Free  Democrat 
and  the  Evenir^  Chronide,  at  Syracuse,  New  York,  from  1862  to  1854, 
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and  later  Professor  of  English  in  the  Brooklyn  Polytechnic  Institute 

and  Principal  of  the  Boston  School  of  Oratory.     It  is  also  a  safe  surmise 

that  Rossiter  Raymond  owed  much  of  his  fine  feeling  for  the  language 

of  Shakespeare  to  his  daily  draughts  from  that  well  of  EngUsh  undefiled, 

the  King  James  version  of  the  Bible.     There  is  no  better  schooling  in  our 

language  than  familiarity  with  The  Book.     A  third  aid  to  the  cultivation 

of  a  good  prose  style  was  his  frequent  exercise  in  versification.     The 

expression  of  simple  ideas  in  verse  by  means  of  short  words  is  excellent 

training  for  the  effective  construction  of  logical  sentences  in  prose; 

moreover,  the  sense  of  rhythm  incites  assonance.     On  his  return  from 

life  at  the  German  universities,  he  brought  with  him  many  old  folk-songs 

and  student-songs,  some  of  which  he  adapted  to  Sunday-school  use. 

Thousands  of  children  sang  his  hymns  with  delight  because  he  knew 

how  to  present  pretty  thoughts  in  simple  guise.     That  he  could  write 

serious  poetry  we  know;  for  example,  the  lines  to  the  Grand  Canyon 

engraved  on  thfe  silver  tray  that  formed  part  of  the  gift  presented  to  him 

on  his  70th  birthday.     He  wrote  merry  rhymes  for  our  Institute  meetings 

and  for  other  occasions  of  a  similar  kind,  making  good-natured  fun  for 

himself  and  his  friends.     This  playing  with  words  in  rhyme  and  rhythm 

gave  him  facility  of  expression  in  the  more  serious  business  of  prose,  and 

also  in  public  speaking. 

He  was  a  delightful  speaker.  Our  profession  has  never  had  a  more 
eloquent  spokesman.  He  seemed  as  little  at  a  loss  for  ideas  as  for  words; 
his  enunciation  was  clear,  he  had  a  resonant  voice,  and  his  gestures  were 
natural.  Owing  to  his  retentive  memory  and  easy  delivery,  it  was 
difficult  to  distinguish  a  speech  that  he  had  written  from  one  that  was 
extempore. 

At  any  gathering  he  was  individual — a  distinguished  figure.  The 
wearing  of  a  black  silk  cap  and  an  old-fashioned  way  of  trimming  his 
beard  gave  hinj^  striking  appearance.  Clear  eyes  wide  apart,  an  aqui- 
line nose,  and  a  square  chin  indicated  imagination,  perception,  and 
^determination.  His  military  training  had  taught  him  to  stand  upright. 
His  pose  was  that  of  a  captain  of  men.  When  he  made  a  humorous  hit 
he  would  tilt  his  head  and  smile,  as  if  eager  to  share  the  fun  with  his 
audience.  He  never  touched  anything  without  giving  it  human  interest. 
He  found 

"Tongues  in  trees,  books  in  the  rimning  brooks, 
Sermons  in  stones,  and  good  in  everything." 

Rossiter  Raymond  exercised  an  immense  influence  in  his  day  and 
generation — nay  more,  two  generations  felt  the  force  of  his  personality. 
How  he  stimulated  his  religious  co-workers  has  been  recorded  by  the 
successors  of  Henry  Ward  Beecher.  Both  Lyman  Abbott  and  Dwight 
Hillis  have  testified  to  the  courage  that  he  imparted  to  them  during  the 
troublous  times  of  Plymouth  Church.  To  the  geologists  who  broke  the 
trail  for  the  scientific  investigations  of  a  later  day  he  was  a  guide,  philoso- 
pher, and  friend.  Such  men  as  Clarence  King,  James  D.  Hague,  and 
S.  F.  Emmons  have  recorded  their  gratitude  for  his  support  and  advice. 
Among  his  engineering  contemporaries  were  scores  to  whom  he  was  an 
ever-ready  source  of  information,  a  wise  counselor,  a  cheery  friend — 
for  them  he  did  many  unselfish  and  kindly  things.  To  those  of  us  who 
were  young  when  he  was  at  his  prime  he  was  the  very  embodiment  of 
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scientific  attainments.  We  looked  up  to  him  as  the  exemplar  of  effect- 
ive writing  and  polished  speaking,  the  pattern  of  engineering  culture, 
the  leader  in  everything  that  concerned  the  welfare  of  our  profession. 
As  Secretary  of  the  Institute  we  found  him  a  lovable  man,  full  of  natural 
kindness  and  that  helpfulness,  without  condescension,  which  the  young 
appreciate  so  keenly  when  shown  by  a  senior  whom  they  admire.  We— 
for  I  was  one  of  them — found  him  an  inspiring  leader  and  a  loyal  friend. 
Loyalty — ^yes,  that  was  one  of  his  qualities.  It  got  him  into  trouble 
more  than  once,  for  in  friendship,  as  in  apex  litigation,  he  was  unmistak- 
ably partisan.  He  stuck  to  his  friends  through  thick  and  thin;  he  gave 
them  the  benefit  of  the  doubt  if  they  did  wrong;  he  championed  them 
when  they  were  set  upon.  Lucky  was  the  man  on  whose  side  he  fought. 
He  was  pre-eminently  a  publicist  and  an  educator;  he  declined  the 
pastorate  of  Plymouth  Church  to  become  the  pastor  of  a  bigger  congre- 
gation; he  resigned  his  professorship  at  Lafayette  to  be  a  teacher  in  a 
bigger  school ;  he  was  the  dean  of  the  mining  professiom  in  the  United 
States.  For  fifty  years  the  force  of  his  personality  was  felt  among  the 
men  that  were  organizing  and  directing  the  mining  industry  of  a  conti- 
nent; for  fifty  years  he  did  not  fail  to  write  a  Christmas  story  for  the 
children  of  his  Sunday-school;  he  was  a  friend  to  the  old  and  to  the  young. 
Age  could  not  wither  him  nor  custom  stale  his  infinite  variety.  He 
influenced  those  that  today  are  influencing  others;  his  spirit  still  mores 
among  men.     Blessed  be  his  memory. 

Brief  Biography  of  Dr.  Raymond 

Rossiter  Worthington  Raymond,  Ph.D.,  LL.D.,  mining  engineer, 
metallurgist,  lawyer  and  author,  was  bom  in  Cincinnati,  Ohio,  April  27, 
1840,  son  'of  Prof.  Robert  Raikes  and  Mary  Ann  (Pratt)  Raymond; 
grandson  of  Eliakim  and  Mary  (Carrington)  Raymond,  of  New  York 
City,  and  of  Caleb  and  Sally  (Walker)  Pratt,  of  Providence,  R.  I. 

He  was  of  English  descent,  his  earliest  American  ancestor  on  the 
paternal  side,  Richard  Raymond,  having  emigrated  from  England  to  this 
country  and  settled  at  Salem,  Mass.,  about  1632;  while  on  his  mothers 
side  he  was  descended  from  well-known  New  England  families.  His 
great-grandfather,  Nathaniel  Raymond,  was  an  officer  in  the  Revolution- 
ary army;  and  his  grandfather,  Caleb  Pratt,  served  in  the  war  of  1812. 

His  father  (born  1817,  died  1888),  a  native  of  New  York  City,  was  a 
graduate  of  Union  College  in  1839,  editor  of  the  Syracuse  Free  Democroi 
in  1852,  and  the  Evening  Chronicle  in  1853-4,  and  -  afterward  Profes- 
sor of  English  in  the  Brooklyn  Polytechnic  Institute  and  Principal  of 
the  Boston  School  of  Oratory.  His  mother  (born  1818,  died  1891)  was 
a  native  of  Providence,  R.  I.  They  were  married  at  Columbus,  Ohio,  in 
1839,  and  Rossiter  W.  was  the  eldest  of  a  family  of  seven  children,  of  whom 
four  were  sons. 

He  received  his  early  education  in  the  common  schools  of  Syracuse, 
N.  Y.,  and  in  1857  entered  the  Brooklyn  Polytechnic  Institute,  of  which 
his  uncle,  Dr.  John  H.  Raymond  (afterward  President  of  Vassar  College), 
was  then  President,  graduating  from  that  institution,  at  the  head  of  his 
class,  in  1858.  He  spent  the  ensuing  three  years  in  professional  study 
at  the  Royal  Mining  Academy,  Freiberg,  Saxony,  and  at  the  Heidelberg 
and  Munich  Universities. 

Returning  to  the  United  States  in  August,  1861,  he  entered  the  Fed- 
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eral  army  and  served  as  aide-de-camp,  with  the  rank  of  captain,  on  the 
staff  of  Major-General  J.  C.  Fremont,  by  whom,  during  his  campaign 
in  the  Valley  of  Virginia,  he  was  officially  commended  for  gallant  and  meri- 
torious conduct. 

From  1864  to  1868,  he  engaged  in  practice  as  a  consulting  mining 
engineer  and  metallurgist  in  New  York  City;  and  in  the  latter  year  was 
appointed  United  States  Commissioner  of  Mining  Statistics,  which  posi- 
tion he  held  until  1876,  issuing  each  year  '*  Reports  on  the  Mineral  Re- 
sources of  the  United  States  West  of  the  Rocky  Mountains''  (8  vols., 
Washington,  1869-76),  several  of  which  were  republished  in  New  York, 
with  the  titles  of  "American  Mines  and  Mining,"  ''The  United  States 
Mining  Industry,'-  "Mines,  Mills  and  Furnaces,"  and  "Silver  and  Gold." 
These  reports  contained  descriptions  of  the  geology,  ore-deposits  and  min- 
ing enterprises  of  the  United  States  public  domain,  discussions  of  metal- 
lurgical processes  adapted  to  American  conditions,  and  observations  and 
criticisms  concerning  the  practical  operation  of  the  United  States  mineral 
land  laws  of  1866  and  subsequent  years.  In  1870,  he  was  appointed  lec- 
turer on  economic  geology  at  Lafayette  College,  which  chair  he  occupied 
until  1882,  and  for  one  year  during  that  period  gave  the  entire  course  on 
mining  engineering. 

In  1873,  Dr.  Ra3rmond  was  appointed  United  States  Commissioner 
to  the  Vienna  International  Exposition  and  as  such  delivered  at  Vienna 
addresses  in  the  German  language  at  the  International  Convention  on 
Patent  Law,  and  the  International  Meeting  of  Geologists;  and  an  address 
in  English  at  the  meeting^of  the  Iron  and  Steel  Institute,  in  Li^ge,  Belgium. 
From  1875  to  1895,  he  was  associated,  as  consulting  engineer,  with  the 
firm  of  Cooper,  Hewitt  &  Co.,  owners  of  the  New  Jersey  Steel  &  Iron 
Company,  the  Trenton  Iron  Company,  the  Durham  ana  the  Ringwood 
Iron  Works,  as  well  as  numerous  mines  of  iron  ore  and  coal.  As  President 
of  the  Alliance  Coal  Company,  and  director  of  the  Lehigh  &  Wilkesbarre 
Coal  Company,  as  well  as  a  personal  friend  of  Franklin  B.  Gowen,  he 
became  acquainted  with  the  inner  history  of  the  memorable  campaign 
against  the  "Molly  Maguires,"  and  has  since  been  known  as  a  fearless 
opponent  of  all  tyranny  practised  in  the  name  of  labor.  His  articles  on 
"Labor  andLaw,"  "LaborandLiberty,''etc,publishedinthe-Bngtnemnflf 
2nd  Mining  Journal  at  the  time  of  the  Homestead  riots,  attracted  wide 
ittention  and  for  these,  as  well  as  similarly  frank  discussions  of  the  opera- 
tions of  the  Western  Federation  of  Miners  in  Montana,  Idaho  and  Colo- 
'ado,  he  received  special  denunciations  and  threats  from  the  labor  unions 
thus  criticised.  While  connected  with  Cooper,  Hewitt  &  Co.,  he  also 
issisted  Abram  S.  Hewitt  in  the  management  of  Cooper  Union  and  for 
nany  years  directed  the  Saturday  Evening  Free  Popular  Lectures  on 
krience,  etc.,  which  constituted  the  beginning  of  what  has  since  become 
i  vast  lecture  system  in  the  city  of  New  York. 

From  1885  to  1889,  he  was  one  of  the  three  New  York  State  Commis- 
ioners  of  Electric  Subways  for  the  city  of  Brooklyn,  and  served  as  member 
md  secretary  of  the  Board,  preparing  its  final  report,  which  was  generally 
egarded  as  the  best  statement  of  the  problem  of  municipal  engineering 
nd  policy  involved  in  the  distribution  of  electric  conductors.  At  the 
lose  of  his  official  term  as  Commissioner,  he  became  consulting  engineer 
o  the  New  York  and  New  Jersey  Telephone  Company,  which  position 
e  retained  for  many  years. 
In  1898,  Dr.  Raymond  was  admitted  to  the  bar  of  the  Supreme  Court 


xliv  Monthly  Bulletin  No.  147,  March,  1919 

of  New  York  State  and  of  the  Federal  District  and  Circuit  Courts,  his 
practice  being  confined  to  cases  involving  either  mining  or  patent  law, 
in  the  former  of  which  he  was  a  leading  authority.  In  1903,  he  waslectuier 
on  Mining  Law  at  Columbia  University,  New  York.  He  has  also  deliv- 
ered numerous  addresses  at  other  colleges  and  universities,  including 
Yale,  Cornell,  Pittsburgh,  Lehigh,  Lafayette,  Union,  Caliifornia,  the 
Worcester  Polytechnic  and  the  New  York  College  of  Physicians  and 
Surgeons. 

An  original  member  of  the  American  Institute  of  Mining  Engineers, 
he  served  as  its  Vice-president  in  1871,  1876  and  1877,  President  from 
1872  to  1875,  and  Secretary  from  1884  to  1911.  In  the  latter  capacity 
he  edited  40  of  the  annual  volumes  of  TranstictianSy  to  which  he  liberally 
contributed  essays,  especially  pertaining  to  the  United  States  mining 
laws,  as  well  as  other  articles  of  importance. 

In  1911,  Dr.  Raymond  resigned  his  position  as  Secretary  of  the 
American  Institute  of  Mining  Engineers,  of  which  he  has  been  since 
that  time  Secretary  Emeritus. 

Dr.  Raymond  was  the  editor  of  the  American  Journal  of  Mining  bm 
1867  to  1868,  of  the  same  periodical  under  the  title  Engineering  and  Mtmng 
Journal  from  1868  to  1890,  and  thereafter  was  a  special  contributor  to 
that  journal.  In  1884,  he  prepared  for  the  United  States  Geological 
Survey  an  historical  sketch  of  mining  law  which  was  subsequently  trans- 
lated  into  German  and  published  in  fuU  by  the  JoumoZ  De«  Ber^ecto, 
the  only  periodical  in  the  world  devoted  exclusively  to  the  subject  of 
mining  jurisprudence,  and  for  which  he  received  high  praise. 

In  addition  to  the  official  works  previously  mentioned  he  was  the 
author  of  "Di^  Leibgarde"  (1863),  a  German  translation  of  "The  Story 
of  the  Guard"  by  Mrs.  Jessie  Benton  Fremont  (1863)  "The  Children's 
Week"  (1871);  "Brave  Hearts"  (1873);  "The  Man  in  the  Moon  and 
Other  People"  (1874);  "The  Book  of  Job"  (1878);  ("The  Merry-go- 
Round"  (1880);  "Camp  and  Cabin"  (1880);  "A  Glossary  of  Mining  and 
Metallurgical  Terms"  (1881);  "Memorial  of  Alexander  Mining  Lai*'" 
(1883-95);  "Two  Ghosts  and  Other  Christmas  Stories"  (1887);  ''The 
Life  of  Peter  Cooper "  (1897) ;  various  technical  works  and  papers  on 
mining  law,  as  well  as  numerous  addresses  and  magazine  articles,  and 
contributions  to  several  American  dictionaries  and  encyclopedias. 

In  1909,  in  collaboration  with  W.  R.  Ingalls,  he  contributed  to  the  First 
Pan-American  Scientific  Congress,  held  at  Santiago,  Chile,  a  paper  on 
"The  Mineral  Wealth  of  America,"  and  at  the  Second  Congress,  which 
assembled  at  Washington,  D.  C,  in' 1915,  he  was  reprej^ent^d  by  a  paper 
entitled  "  The  Value  of  Technical  Societies  to  Mining  Engineers."  Legis- 
lation" was  delivered  in  1909  before  a  joint  meeting  of  the  four  national 
engineering  societies. 

In  1916,  Dr.  Raymond  publisheda  volume  of  poems,  entitled  "Christus 
Consolator  and  Other  Poems."  At  the  time  of  his  death  he  was  at  work 
upon  a  history  of  the  American  Institute  of  Mining  Engineers,  which  he 
hoped  to  finish  this  year. 

In  1910  the  70th  birthday  of  Dr.  Raymond  was  celebrated  by  a 
dinner  at  which  all  branches  of  the  engineering  profession,  the  sdentifie 
and  learned  societies,  and  the  prominent  institutions  of  learning  were 
represented.  On  this  occasion  the  gold  medal  of  the  Institution  of 
Mining  and  Metallurgy  was  awarded  to  Dr.  Raymond  "in  recognitioii 
of  eminent  services  and  lifelong  devotion  to  the  science  and  practice  of 
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mining  and  metallurgy  and  of  his  numerous  and  valuable  contributions 
to  technical  literature." 

In  1911,  during  the  visit  to  Japan  of  members  andguestsof  the  Ameri- 
can Institute  of  Mining  Engineers,  Dr.  Raymond  received  from  the 
Mikado  the  distinction  of  Chevalier  of  the  Order  of  the  Rising  Sun, 
fourth  class — the  highest  ever  given  to  foreigners  not  of  royal  blood — 
"for  eminent  services  to  the  mining  industry  of  Japan."  These  services 
consisted  in  advice  and  assistance  rendered  in  America  to  Japanese 
engineers,  students  and  officials  throughout  a  period  of  more  than  25 
years. 

Dr.  Raymond  was  an  honorary  member  of  the  Society  of  Civil  Engi- 
neers of  France,  the  Iron  and  Steel  Institute  and  the  Institution  of  Mining 
and  Metallurgy  of  Great  Britain,  the  Mining  Society  of  Nova  Scotia  and 
the  Australasian  Institute  of  Mining  Engineers.  He  was  a  Fellow  of  the 
American  Association  for  the  Advancement  of  Science  and  the  American 
Geographical  Society,  a  member  of  the  American  Philosophical  Society, 
the  Brooklyn  Institute  of  Arts  and  Sciences,  the  American  Forestry 
Association  and  various  other  technical  and  scientific  organizations  both 
at  home  and  abroad.  He  received  the  degree  of  Ph.D.  from  Lafayette 
College  in  1868,  and  that  of  LL.D.  from  Lehigh  University  in  1906.  On 
the  latter  occasion,  speakii\g  as  an  adopted  alumnus*  of  the  University, 
he  delivered  to  the  graduating  classes  an  address  on  ''Professional  Ethics" 
which  has  been  widely  quoted  and  approved. 

In  February,  1915,  Dr.  Raymond  delivered  the  commemorative  address 
on  the  160th  anniversaryof  the  foundation  of  the  University  of  Pittsburgh, 
and  received  from  that  Institution  the  honorary  degree  of  LL.D. 

He  married  in  Brooklyn,  N.  Y.,  March  3, 1863,  Sarah  Mellen,  daughter 
of  William  R.  and  Mary  (Fiske)  Dwight  of  that  city.  Of  their  five  chil- 
dren two  survived  to  adult  years;  Alfred  (b.  1865,  d.  1901),  an  architect 
and  engineer  of  thorough  training  and  great  promise;  and  Elizabeth 
Dwi^t  (b.  1868),  since  1892  the  wife  of  H.  P.  Bellinger  of  Syracuse,  N.  Y. 

He  died  suddenly,  of  heart  failure,  at  his  home  in  Brooklyn,  N.  Y., 
oh  the  evening  of  December  31,  1918,  and  was  buried  in  Greenwood 
Cemetery. 


MEMORIAL  MEETING  FOR^THE  MEN  WHO  DIED  IN  SERVICE 

At  the  close  of  the  afternoon  joint  session  with  the  Canadian  Mining 
Institute,  a  meeting  was  held  in  the  auditorium  in  memory  of  the  members 
of  the  Institute  who  died  in  the  service  of  the  United  States  and  the  Allies. 
At  this  meeting  Capt.  Percy  E.  Barbour,  Acting  Assistant  Secretary  of 
the  Institute,  said :  We  have  received  word  of  the  death  of  twenty-three  of 
our  members  in  service.  The  fifteen  named  in  the  following  Ust  were 
mentioned  (and  biographical  notices  were  read)  at  the  memorial  meeting 
held  in  Colorado  last  September:  Lewis  Newton  Bailey,  Lieut.  Louis 
Baird,  William  Morley  Cobeldick,  Ralph  Dougall,  Lieut.-Col.  Alfred 
Winter  •  Evans,  Lieut.  Thomas  C.  Gorman,  Lieut.  William  Hague, 
Capt.  William  T.  Hall,  Lieut.  Bernhardt,  Capt.  John  Duer  Irving, 
Lieut.  Edward  H.  Perry,  Lieut.  Frank  Remington  Pretyman,  Capt. 
Fred  B.  Reese,  Soren  Ringlund,  Lieut.  George  Roper,  Jr. 

Since  September,  we  have  heard  of  the  deaths  of  Capt.  John  H. 
Ballamy,  Lieut.  Martin  P.  Bowles,  Andrew  Burt,  Corp.  Sheppard  B. 
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Gordy,  Serg.  Herbert  M.  Harbach,  Sidney  A.  Lang,  Lieut.  Norman  L. 
Ohnsorg,  Raymond  W.  Smyth.  Captain  Barbour  resd  brief  biographies 
of  these  members  as  their  portraits  were  shown  upon  the  screen.  Then 
two  buglers  from  the  army  post  on  Governor's  Island  sounded  tapsfoi 
their  comrades. 


MEETING  OF  THE  BOARD  OF  DHUBCTORS,  JAN.  24,  1919 

At  the  meeting  of  the  Board  of  Directors  the  following  resolution 
was  passed: 

"  The  members  of  the  Board  of  Directors  of  the  American  Institute 
of  Mining  Engineers  desire  to  place  on  record  their  appreciation  of 
the  very  great  generosity  of  one  of  their  colleagues  and  a  member  of  the 
Board,  George  D.  Barron,  expressed  in  his  gift  of  $5000  to  relieve  the 
financial  stringency  caused  by  the  unusual  expenditures  of  the  Institute 
for  war  work  and  the  remission  of  dues  of  those  members  on  active 
service." 

By-Law  XIII.  was  amended  to  make  a  slight  change  in  District  No.  5. 

The  report  of  the  Auditing  Committee  was  accepted. 

Tellers  were  appointed  to  count  the  ballots  on  officers  and  on  the 
proposed  amendment. 

The  proposed  budget  for  the  year  1919  was  presented. 

The  following  resolution  re  Secretary  Emeritus  RossiterW.  Raymond, 
which  had  been  prepared,  by  request,  by  Dr.  A.  R.  Ledoux  was  tiien 
unanimously  adopted. 

"The  Board  of  Directors  of  the  American  Institute  of  Mining  Engi- 
neers would  place  upon  its  minutes  its  profound  sense  of  loss  and  som)w 
in  the  death  of  Rossiter  Worthington  Raymond,  Ph.  D.,  LL.  D.,  Secretary 
Emeritus  of  the  Institute.  Both  as  one  of  its  founders  and  as  its  Se^ 
retary  for  27  years,  his  was  the  guiding  spirit  of  the  Institute  for  more  than 
a  generation. 

''During  the  greater  part  of  this  long  period,  it  might  almost  have 
been  said  that  the  Institute  was  Dr.  Raymond — and  Dr.  Raymond  the 
Institute.  When  with  the  progress  of  growth  and  development,  great 
changes  were  introduced.  Dr.  Raymond  acquiesced  in  these  in  spite  of 
some  misgivings,  such  as  those  with  which  a  father  might  contemplate 
the  emergence  of  his  child  from  the  careful  supervision  of  the  home; 
but  as  Secretary  Emeritus  for  the  past  eight  years,  he  was  always  ready 
with  valuable  advice  and  helpful  suggestion. 

"His  presence  at  the  annual  meetings  was  an  inspiration,  which  his 
rare  ability  as  a  speaker  further  enhanced.  Among  the  most  versatile 
of  men  of  genius,  among  the  most  distinguished  as  a  mining  engineer; 
a  scholar,  editor  and  authority  on  mining  law,  yet  to  his  personal  friends 
he  revealed  a  simplicity,  a  loyalty,  and  a  steadfastness  which  held  his 
intimates  and  bound  them  to  him  in  spite  of  time  and  change. 

"With  his  death  there  closes  ah  epoch  in  the  history  of  American 
mining  and  metallurgy.  The  Institute  thereby  loses  one  of  its  great 
leaders,  but  his  example  will  Uve  as  an  inspiration  to  those  who  sun'ive, 
within  its  councils,  and  his  name  will  be  long  an  inspiration  for  many  who 
knew  him  only  through  our  transactions  and  by  his  other  writings." 

Mr.  T.  A.  Rickard  was  appointed  editor  for  the  Raymond  Memorial 
biographical  volume. 
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Arthur  S.  Dwight  was  requested  to  complete  the  History  of  the 
A.  I.  M.  E.,  begun  by  Dr.  Raymond. 

The  Steel  Treating  Research  Society  and  the  American  Steel  Treaters'. 
Society  were  invited  to  attend  the  technical  sessions  of  the  Chicago 
Meeting  of  the  Institute.  * 

There  were  elected  twenty  Members,  eight  Associates,  and  fourteen 
Junior  Associates;  one  change  of  status  from  junior  associate  to  associate 
was  granted.  Three  members  were  reinstated,  and  the  resignations  of 
twenty-two  members  were  accepted. 

The  time  for  payment  of  initiation  fee  for  the  first  year's  dues  was 
extended  to  one  candidate;  and  the  dues  of  certain  members  on  active 
duty  with  the  AlUed  Army  were  suspended. 

The  sum  of  $250  was  appropriated  to  the  San  Francisco  Section,  and 
the  sum  of  $5000  was  appropriated  as  the  Institute's  share  of  recatalogu- 
ing  the  Library^. 

Robert  W.  Hunt  was  unanimously  elected  an  honorary  member. 

Mr.  W.  G.  Swart  addressed  the  meeting. 


LOCAL  SECTION  NEWS 

COLUMBIA  SECTION 


J.  C.  Haa%  Chairman  W.  J.  Hall,  Vtce-ckairman 

Lyndon  K.  Abmstrono,  Secretary-Treaaurerf  720  Peyton  Bldg.,  Spokane,  Wash. 
W.  H.  Linnet  J.  F.  McCarthy 

At  a  meeting  of  the  members  of  Columbia  Section,  which  was  held 
in  the  Davenport  hotel,  Spokane,  Wash.,  Jan.  31,  1919,  at  noon,  there 
were  present  about  twenty  members  and  guests.  The  chairman  being 
absent,  Mr.  Frederick  Keffer  presided. 

The  Secretary  announced  the  personnel  of  the  executive  committee 
of  the  section,  which  is:  J.  C.  Hass,  Spokane,  Chairman;  W.  J.  Hall, 
Wallace,  Ida.,  Vice-chairman;  S.  S.  Fowler,  Riondel,  B.  C,  Past  Chair- 
man; L.  K.  Armstrong,  Spokane,  Secretary- Treasurer;  R.  M.  Betts, 
Cornucopia,  Oregon. 

It  was  stated  that  the  geological  survey  and  report  on  Stevens  Co., 
Wash.,  has  been  completed  and  will  be  printed  soon.  The  geologic 
survey  of  Colville  Indian  reservation,  by  J.  P.  Pardee,  U.  S.  G.  S., 
has  been  published  as  Bulletin  No.  677  and  is  available  for  distribution, 
The  Miner's  Almanac,  Miners  Circular  No.  24,  U.  S.  Bureau  of  Mines, 
is  also  available  upon  request. 

There  was  considerable  discussion  on  the  program  for  meetings  during 
the  year.  It  was  informally  agreed  that,  if  agreeable  to  Coeur  d'  Alene 
members,  that  one  meeting  should  be  held  in  that  district,  preferably 
at  the  time  of  the  annual  visit  of  Institute  officials.  It  was  also  proposed 
to  hold  at  least  one  open-air  meeting  in  Spokane  with  suitable  program. 

The  activities  of  other  sections  were  noted  with  favorable  comment. 
In  this  connection  there  was  much  general  discussion  on  the  subject 
of  closer  relations  between  the  national  engineering  societies.  It 
was  agreed  that  cooperation  was  desirable  and  imperative  if  the  greatest 
measure  of  value  be  realized  from  the  profession.  It  was  not  the  sense 
of  the  members,  however,  that  complete  amalgamation  is  desirable. 
This  expression  of  local  sentiment  is  to  be  presented  to  the  Institute 
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at  the  Annual  meeting,  either  by  a  member  of  Columbia  Section  or 
by  mail.  The  plan  for  local  cooperation  and  the  work  to  be  performed 
through  numerous  committees  was  heartily  approved. 

After  endorsement  of  a  legislative  proposal  to  expend  $150,000  on 
road  construction  between  Spokane  and  the  Canadian  International 
boundary  within  the  least  feasible  time,  Mr.  Sidney  Norman  was  dele- 
gated to  draft  a  resolution  favoring  such  expenditure,  copies  to  be  sent 
to  proper  legislators  at  Olympia  and  to  the  Spokane  Engineering  and 
Technical  Association  for  its  endorsement. 

Lieut.  John  Semple,  E.  M.,  just  released  from  the  Air  Service,  U.  S.  A., 
in  which  he  had  been  instructor,  gave  a  very  interesting  description 
of  aeronautics. 

Mr.  H.  J.  Honeywell,  city  chemist,  spoke  briefly  upon  the  work  of 
his  department  and  advocated  the  local  organization  of  a  section  of  the 
American  Chemical  Society. 

L.  K.  Armstrong,  Sec'y-Treas, 

THE  DAY  SCHOLARSHIP 

The  establishment  of  the  Day  Scholarship  at  the  School  of  Mines 

of  the  University  of  Idaho  during  the  past  year  is  another  interesting 

event  in  the  life  of  the  Columbia  Section.     The  founder  of  the  scholarship 

is  Jerome  J.  Day,  a  member  of  the  Institute,  manager  of  the  Xorthport 

'Smelter,  and  one  of  the  owners  of  the  great  Hercules  mine  at  Wallace. 

One  scholarship  is  to  be  awarded  annually,  the  successful  candidate 
being  chosen  from  the  graduating  class  of  the  high  schools  of  Shoshone 
Co.,  the  great  lead-silver  producing  county  of  Idaho.  Each  scholarship  is 
tenable  for  four  years  and  carries  an  annual  income  of  $250.  This  means 
a  yearly  expenditure  on  Mr.  Day's  part  of  $1000,  which  in  terms  of  an 
endowment  bearing  interest  at  4  per  cent,  is  the  equivalent  of  $25,000. 
Examinations  for  the  scholarship  are  to  be  held  annually,  and  are  to 
be  non-competitive  in  character,  interest  in  athletic  sports  and  qualities 
of  leadership  being  considered  with  high  scholastic  standing.  The  elec- 
tion is  to  be  made  by  a  committeee  consisting  of  the  Commissioner  of 
Education,  the  President  of  the  University,  and  the  Dean  of  the  School 
of  Mines. 

Mr.  Day  denies  any  philanthropic  motives  in  the  matter,  simply 
stating  that  the  operations  with  which  he  is  connected  are  interested 
in  stimulating  the  supply  of  young  men  thoroughly  trained  in  mining 
and  metallurgy. 

NEW  YORK  SECTION 

Allen  H.  Rogers,  Chairman  Forest  Rutherford,  Vice-chairmn 

H.  C.  Parmelee,  Vice^hairman  and  Treasurer ^ 
W.  S.  Dickson,  Secretary^  71  Broadway,  New  York,  N.  Y, 
J.  E.  Johnson,  Jr.  F.  T.  Rttbidoe  S.  H.  B.vll 

A  meeting  of  the  New  York  Section  of  the  American  Institute  of 
Mining  Engineers  was  held  at  The  Machinery  Club,  New  York  City, 
Wednesday  evening,  Jan.  22.  Mr.  Sidney  J.  Jennings  was  in  the  chair. 
After  the  service  of  the  dinner,  Mr.  H.  C.  Parmelee,  editor  of  Metal- 
lurgical and  Chemical  Engineering,  delivered  an  interesting  address  on 
**  Notes  on  a  War  Time  Trip  to  Europe,"  which  was  illustrated  with 
a  number  of  lantern  slides. 
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Later,  methods  of  conducting  the  meetings  of  local  sections  were 
discussed.  Mr.  E.  P.  Mathewson  said  that  it  had  been  found  that 
by  reducing  the  number  of  papers  from  three  to  one  greatly  improved 
the  meeting.  Another  successful  plan  was  to  have  a  person  talk  on  some 
subject  of  interest,  particularly  something  with  which  he  had  been  con- 
nected himself,  and  have  men  who  were  interested  in  that  line  present 
and  prepared  to  discuss  the  question. 

Mr.  Walter  G.  Swart  stated  that,  in  Duluth,  one  of  the  large  depart- 
ment stores,  which  is  centrally  located,  had  set  aside  a  luncheon  room 
where  between  fifteen  and  twenty-five  engineers  meet  and  have  luncheon 
every  day. 

Mr.  H.  C.  Parmalee,  when  asked  to  tell  of  the  Denver  Technique 
Club  said  thdt  the  fundamental  characteristic  of  the  Technique  Club  is 
the  individual  responsibility  of  the  members  for  the  success  of  the  meet- 
ing. At  the  May  meeting  each  year  the  dates  of  the  meetings  for  the 
following  year  are  assigned  to  certain  men,  who  are  to  arrange  the  pro- 
gram for  these  dates,  and  that  ends  the  responsibility  of  the  officers  of 
the  Club,  so  far  as  the  programs  for  those  meetings  are  concerned.  It  is 
left  to  each  member  to  whom  the  assignment  is  made  to  put  on  what 
he  wants.  If  he  chooses  to  sidestep  the  technical  feature  and  get  a 
vaudeville  performer  and  entertain  the  club,  that  is  agreeable;  or  if  he 
personally  speaks  about  something  with  which  he  has  had  personal  ex- 
perience and  can  make  interesting,  that  is  acceptable;  but  after  he  is 
through  the  meeting  is  opened  for  discussion  and  you  can  bet  there  is 
some  discussion. 

SOUTHERN  CALIFORIOA  SECTION 

Ralph  Arnold,  Chairman  William  F.  Staunton,  Vice'chairman 

Alvin  B.  Carpenter,  Secretary-Treasurerf  530  Citizens  National  Bank  Bldg.,  Los 

Angeles,  Cal. 
A.  B.  W.  HoDQEs  Leslie  C.  Mott 

C.  CoLcocK  Jones  James  W.  Neill 

Members  of  the  Section  and  guests  assembled  at  the  residence  of 
Mr.  M.  Elsasser,  on  the  evening  of  Jan.  27,  for  the  regular  winter  meeting. 
The  principal  speaker  of  the  evening  was  H.  W.  Morse,  technical 
manager  of  the  American  Trona  Corp.,  who  gave  a  description  of  the 
occurrence  and  treatment  of  the  Searles  Lake  salts  deposit  and  the  pro- 
duction of  potash  therefrom. 

A  great  many  interesting  lantern  slides  showing  the  lake  and  the  ex- 
tensive plant  of  the  company  were  shown,  and  the  production  of  potash 
was  described  in  detail.  In  the  discussion  that  followed,  further  data 
on  potash  and  the  possibilities  for  its  production  in  quantity  was  given 
by  Baron  der  Ropp  and  others  familiar  with  the  subject. 

The  occurrence  and  recovery  of  potash  from  the  saline  lake  beds 
of  Nebraska  [was  next  given  by  Mr.  Carlton  R.  Rose,  who  has  been  in 
charge  of  some  of  these  properties.  An  interesting  comparison  of  the 
products  from  these  different  localities  was  thus  obtainable.  The  product 
at  Trona  is  a  chloride  of  potash  and  that  of  the  Nebraska  lakes  is  the 
sulphate. 

The  ability  to  compete  with  the  foreign  product  for  the  American 
market,  after  conditions  become  normal  in  this  country,  will  depend  to  a 
considerable  extent  on  favorable  railroad  rates  from  these  western  points, 
though  the  Trona  Company,  with  its  immense  plant  and  with  the  treat- 
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ment  on  the  extensive  scale  that  obtains  there,  and  with  the  skill  that  it 
employs  in  advancing  the  refinements  of  practice,  will  doubtless  hold  its 
own  in  maintaining  a  large  domestic  supply. 

The  latter  part  of  the  program  consisted  of  a  talk  by  Mr.  J.  W.  NeiD, 
who  described  an  interesting  trip  into  the  Peace  River  country  of  British 
Columbia.  The  possibilities  of  that  section  for  placer  gold  and  platinnm 
he  said  were  practically  nil.  The  existence  of  extensive  deposits  of  coal 
of  excellent  quality  in  that  region  was  noted. 

The  program  of  the  evening  was  concluded  with  a  talk  on  Alaska 
by  W.  N.  Cummings,  who  described  briefly  the  coal  fields  near  Seward, 
and  the  terminal  facilities  being  installed  by  the  Government  at  An- 
chorage. Refreshments  were  served  at  11  o'clock  and  a  pleasant  hour 
of  social  intercourse  concluded  a  successful  meeting. 

Alvin  B.  Carpenter,  Sec^y-Treas. 


AFFILIATED  STUDENT  SOCIETIES 

SCIENTIFIC  SOCIETY,  COLORADO  SCHOOL  OF  lONBS 

At  the  last  monthly  meeting  of  the  Scientific  Society  the  following 
oflScers  were  elected:  W.  A.  Conley,  president;  G.  V.  Dunn,  vice-president; 
R.  R.  Ireland,  secretary-treasurer. 

J.  C.  Roberts. 

MISSOURI  MINING  ASSOCIATION 

Diu-ing  the  period  of  the  S.  A.  T.  C.  at  the  University  of  Missouri,  the 
Missouri  Mining  Association  was  inactive.  However  it  has  now  been 
reorganized  with  the  F.  G.  Rackett,  president,  and  H.  H.  Hoppoek,  sec- 
retary-treasurer. The  first  meeting,  held  Jan.  24,  was  addressed  by 
Major  C.  R.  Forbes,  who  spoke  on  "Mining  as  Applied  to  Military  Work." 

G.  H.  Cox. 

PENN  STATE  MINING  SOCIETT 

The  organization  of  the  Penn  State  Mining  Society  was  accomplished 
under  adverse  conditions;  the  Students  Army  Training  Corps  had  inter- 
fered with  the  Society's  following  the  programs  of  previous  years.  The 
first  meeting,  Oct.  19,  1918,  was  in  the  form  of  an  informal  gathering,  at 
which  time  the  Society  was  addressed  by  ex-Dean  Crane,  Dean  Moore, 
and  other  members  of  the  faculty.  A  lunch  was  served.  At  the  meeting 
held  on  Dec.  13,  1918,.  the  following  officers  were  elected:  J.  N.  Heddiug, 
'19,  president;  J.  B.  Maginnis,  '20,  vice-president;  D.  E.  Keller,  '20, 
secretary-treasurer.  Dean  Moore  made  a  few  remarks  on  the  aims  and 
purposes  of  the  Society.  The  first  lecture  of  the  school  year  was  delivered 
Jan.  10,  1919,  when  Dean  Moore  gave  an  illustrated  talk  on  "Australian 
and  Indian  Mining.'' 

A  meeting  schedule  for  the  near  future,  probably  Feb.  28,  will  feature 
a  lecture  by  H.  B.  Kirkpatrick,  of  the  H.  Koppers  Co.  on  "The  By- 
product Industry."    The  lecture  will  be  illustrated  with  moving  pictures. 

D.  Edward  Keller,  Sec'y-Treas. 
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UNIVERSITT  OF  WISCONSIN  MINING  CLUB 

The  University  of  Wisconsin  Mining  Club  has  elected  the  following 
officers  for  the  scholastic  year  ending  June  30,  1919.  President,  Edwin 
0.  Werber;  vice-president,  Don  V.  Slaker;  secretary-treasurer,  Warren 
W.  Walters;  chief  mucker,  Everett  L.  Grubb,  assistant  mucker,  Otto 
A.  Ray. 

Warren  W.  Walters,  Sec^y-Treas. 

THE  MINING  AND  METALLURGICAL  CLUB,  UNIVBRSITT  OF  TORONTO 

The  Mining  and  Metallurgical  Club  of  the  University  of  Toronto 
made  a  visit  to  the  Brown  Copper  and  Brass  Rolling  Mills  on  Dec.  13 
for  the  purpose  of  looking  over  the  plant.  The  whole  club  turned  out 
along  with  two  or  three  of  the  staff.  A  very  instructive  afternoon  was 
spent  viewing  the  various  parts  of  the  plant  including  the  reclaiming, 
rolling  and  casting  shops.  On  the  evening  of  Dec.  20,  the  first  dinner 
was  held  at  the  Walker  House.  Talks  were  given  by  R.  E.  Hore,  the 
editor  of  the  Canadian  Mining  Journal,  Mr.  MacGregor,  a  mining  lawyer 
of  Toronto,  and  Professor  Guess  of  the  Faculty. 

All  these  activities  are  carried  on  by  far  fewer  members  than  in  normal 
times,  due  to  the  depletion  of  students  in  mining  and  metallurgy  by 
the  war.  However,  our  numbers  are  increasing  and  although  not  yet 
nearly  up  to  normal,  the  interest  taken  by  those  that  are  present  more 
than  makes  up  for  the  dearth  of  students. 

H.   M.   Shepard,  Sec'y-Treaa. 


WOMAN'S  AUXILIARY 

FOREIGN  WAR  RELIEF  COMMITTEE 

Chairman^  Mrs.  Jesse  Scoqet 

The  Foreign  War  Relief  Committee  closed  its  dispensary  fund  during 
the  past  month  with  a  contribution  to  the  American  Fund  for  French 
Wounded  of  $1720.51,  balance  on  hand,  principal  and  interest,  as  a  gift 
from  the  New  York  Section  of  the  Woman's  Auxiliary  for  pressing 
emergency  dispensary  work  in  France. 

The  American  Fund  for  French  Wounded  was  authorized  to  cable 
this  sum  at  once,  in  consideration  of  the  fact  that  their  existing  dispen- 
saries, including  the  one  established  by  the  New  York  Section  at  Briey, 
were  in  excellent  condition,  while  their  mobile  dispensary  fund  was 
confronted  by  the  most  urgent  need  for  work  among  the  refugees  now 
returning  in  pitiable  condition  and  in  great  numbers  to  certain  distressing 
centers. 

The  committee  sewing  at  Fund  headquarters  every  week  has  had 
seven  working  days,  with  an  enrollment  of  twenty.  The  average 
attendance  was  ten;  largest  attendance  for  any  one  day,  thirteen; 
smallest  attendance,  eight.  Interest  in  this  activity  is  growing  steadily 
and  it  is  the  intention  of  the  committee  to  push  the  work  vigorously  for 
the  next  few  weeks. 
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m  MEHORIAM 
CORPORAL  SHEPPARD  B.  GORDT 

Sheppard  B.  Gordy,  a  brief  biography  of  whom  was  printed  in  the 
January  Bulletin,  entered  the  employ  of  the  Braden  Copper  Co.  imme- 
diately on  his  graduation  from  the  Sheffield  Scientific  School  in  1912. 
He  remained  with  this  company  four  years,  working  up  through  (he 
various  gradea  to  aBsiatant  foreman  and  foreman  to  one  of  the  individusl 
mines.  The  last  year  he  was  in  its  employ,  he  acted  as  general  mioe 
foreman.  He  was  for  a  short  time  with  the  Chile  Exploration  Co.  and 
then  went  with  the  Andes  Exploration  Co.  (Anaconda)  and  remained  with 


Corporal  Sheppard  B.  Gordt. 


the  latter,  doing  mine  exploration  and  development  work,  until  he  sailed 
for  home  in  June,  1918,  to  give  a  more  personal  and  active  service  to  his 
country  in  her  need. 

He  declined  a  tender  of  induction  into  an  officers'  training  camp,  at 
the  urgent  request  of  Professor  McClelland  supplemented  by  Mr.  Potter, 
because  they  demonstrated  to  his  satisfaction  that  he  coidd  give  more 
valuable  service  to  his  country  in  helping  out  with  the  aircraft  production. 
Being  within  the  draft  age,  in  order  to  carry  out  this  plan,  it  was  necessar}' 
for  him  to  be  called  by  his  Local  Board  and  sent  to  camp.  This  call  came 
Aug.  26.  Two  weeks  before  that  time  he  had  gone  to  Dayton,  Ohio, 
to  begin  the  study  of  aircraft  production,  and  was  sent  by  the  Daj-ton 
Board  to  Camp  Sherman,  Chillicothe,  Ohio,  where  he  died  of  pneumonia 
on  Oct.  9. 
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LIEITTENANT  S.  A.  LANG,  C.  £.  B.  A.  SC. 

From  ''Knots  and  Lashings/'  of  Oct.  10,  1018,  the  militarypublication  of  Canadian 

Engineers'  Training  Depot,  St.  Johns,  Que. 

During  the  earl^r  hours  of  Sunday  morning  last  (the  6th  inst.)  there 
passed  from  our  midst  one  of  the  most  affable  and  estimable  officers 
who,  during  our  brief  connection  with  the  Depot,  it  has  been  our  fortune 
to  meet. 

Sidney  A.  Lang  was  born  in  Ontario  in  the  year  1884  and  lived  in 
Toronto  for  a  number  of  years.  He  attended  Toronto  University, 
where  he  displayed  remarkable  ability,  and  after  graduating  followed  the 
profession  of  mining  engineer.  Being  young  and  endowed  with  the  spirit 
of  adventure,  he  followed  his  profession  in  the  mines  of  Chile  and  Peru; 
he  could  speak  Spanish  fluently.  Always  a  reserved  man,  of  refined 
tastes,  it  was  difficult  to  induce  him  to  relate  some  of  his  adventures  in 
those  countries  so  shrouded  in  mystery  and  romance.  He  joined  the 
Canadian  Engineers  in  Toronto  as  a  sapper  and  shortly  after  came  to  this 
Depot. 

We  remember  him  as  a  messmate,  as  a  roommate,  and  when  we 
nibbed  shoulders  with  him  on  the  square,  for  his  kindly  thought  and 
unassuming  manners. 

The  Spanish  grippe  has  claimed  many  from  our  depot.  As  we  read 
down  the  names  we  pause  here  and  there  to  recall  some  incident  to  estab- 
lish permanently  in  our  memory  as  a  hnk  to  bind  us,  the  living,  with  the 
dead. 

"And  there's  one  name  we  cannot  pass 
So  we  pause,  and  ponder  awhile. 
And  recall  all  his  cheery  words, 
And  his  smile — ^his  perpetual  smile.'* 

Men  detained  in  the  Quarantine  Camp  will  have  cause  to  remember  him 
too,  for  he  displayed  his  gentlemanly  bearing  and  courtesy  to  all  he  came 
in  contact  vnth. 


DIED  IN  SERVICE 

Bailey,  Lewis  Newton,  Master  Engineer,  Senior  Grade,  4th  Regiment, 
U.  S.  Engineers,  Headquarters  Company,  died  of  pneumonia  at  Camp 
Merritt,  N.  J.,  on  Apr.  30,  1918. 

Baird,  Louis,  Lieut.,  Royal  Field  Artillery,  British  Army,  died  on  the 
battlefield  in  1915. 

Ballamy,  John  H.,  Capt.,  103d  Engineers,  killed  in  action  near  Fismes, 
Aug.  9,  1918. 

Bowles,  Martin  F.,  2d  Lieut.,  Co.  B,  355th  Infantry,  killed  in  action, 
Sept.  3,  1918. 

Burt,  Andrew,  died  in  active  service,  1916. 

Cobeldick,  William  Morley,  Royal  Engineers,  died  from  gas  poisoning 
on  Oct.  7,  1915. 

Dougall,  Ralph,  4th  University  Co.,  Princess  Patricia  Regiment, 
killed  in  action  early  in  the  war. 

Evans,  Alfred  Winter,  Lieut. -Col.,  New  Zealand  Rifle  Brigade,  D. 
S.  O.,  D.  C.  M.,  killed  in  action  on  Oct.  12,  1917. 
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Gordy,  Sheppard  B.,  died  in  Service,  Oct.  9,  1918. 

Gormaiii  Thomas  C,  Lieut.,  Canadian  Engineers,  killed  in  France, 
Mar.  18,  1918. 

Hague,  William,  Ist  Lieut.,  Engineer  Officers'  Reserve  Corps,  diedb 
active  service,  Jan.  1,  1918. 

Hall,  William  T.,  Capt.,  Royal  Flying  Corps,  killed  in  action,  May 
19, 1917. 

Harbach,  Herbert  Moore,  died  of  pneumonia,  1918,  at  Camp  Meade, 
Md. 

Heine,  Bernhardt  E.,  Lieut.,  Aviation  Service,  died  from  accident  at 
Fort  Sill,  Okla.,  Aug.  10,  1918. 

Irving,  John  Duer,  Capt.,  11th  Engineers,  A.  E.  F.,  died  July  26, 
1918,  while  on  active  service  in  France. 

Lang,  Sidney  A.,  Lieut.,  Canadian  Engineers,  died  Oct.  6,  1918,  of 
influenza,  at  the  Engineers'  Training  Depot,  St.  Johns,  Quebec. 

Ohnsorg,  Norman  Lloyd,  died  of  pneumonia,  Oct.  11, 1918. 

Perry,  Edward  H.,  1st  Lieut.,  Co.  D,  6th  Regiment  Engineers,  U.S. 
Expeditionary  Forces,  France,  killed  in  action  on  March  30,  1918. 

Pretyman,  Frank  Remington,  2d  Lieut.,  Royal  Engineers,  killed  in 
action  on  June  17,  1916. 

Reece,  Fred.  B.,  Capt.,  Royal  Engineers,  B.  E.  F.,  232d  Army  Troops 
Co.,  killed  in  action. 

Ringlund,  Soren,  Medical  Department,  Fort  Logan,  Colo.,  died  sud- 
denly in  camp  on  July  24,  1918. 

Roper,  George,  Jr.,  Lieut.,  Royal  Flying  Corps,  killed  in  aeroplane 
accident  in  England  on  May  25,  1918. 

Smyth,  Raymond  Weir,  died  of  influenza  at  the  Navy  Yard  Hospital, 
League  Island,  Philadelphia,  Sept.  27,  1918. 


NEWS  FROM  MEMBERS  IN  SERVICE 

H.  McD.  Lorain  says  in  regard  to  his  son,  Captain  S.  H.  Lorain; 
''It  might  be  of  interest  to  you  to  know  that,  although  but  23  years  of 
age,  my  son  is  captain  of  Co.  C  107th  U.  S.  Engineers,  Thirty-second 
Division.  He  landed  in  France  about  the  middle  of  February,  1918, 
and  was  commissioned  a  captain  on  Sept.  5,  1918.  He  started  for  the 
front  the  latter  part  of  June  and  was  there  continuously  until  the  armi- 
stice was  signed,  on  Nov.  11,  being  on  the  front  lines  in  the  Argonne  at 
that  time.  He  is,  at  present,  in  Coblenz,  Germany,  with  the  Army  of 
Occupation.  Although  much  of  his  work  was  done  under  artillery  and 
machine-gun  fire,  as  well  as  airplane  bombs  and  fire,  he  escaped  without 
a  scratch.  Once,  he  was  the  only  one  of  a  group  who  escaped  without  a 
scratch  from  an  exploding  shell." 

Lieut.  Bernard  H.  Lasky,  on  a  post  card  received  a  short  time  ago, 
gave  the  following  brief  record  of  his  military  career.  "I  have  been 
serving  with  the  316th  Engineers  in  France  and  in  Flanders  and  had  the 
satisfaction  of  being  in  the  last  big  drive  in  Belgium  which  sent  the  enemy 
beyond  Avaenarde  and  did  much  to  increase  their  gait  on  their  way  to 
Brussels.  On  Oct.  1,  I  received  a  commission  as  second  lieutenant  and 
was  assigned  to  Co.  C  of  the  316th  Engineers.'' 


J 
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Capt  Hany  A.  Ambler,  of  the  30th  Infantry,  writes  saying  he  is  now  at 
Ft.  Sheridan,  Ohio,  in  General  Hospital  No.  28.  Captain  Ambler  was 
wounded  while  fighting  in  France  with  the  A.  E.  F. 

Major  L.  W-  Wickes  has  just  returned  from  France  and  is  stationed 
at  Camp  Devens,  Mass.,  with  the  212th  Engineers. 


RELATIONS  OF  NATIONAL  RESEARCH  COUNCIL  TO 

ENGINEERING  SOCIETIES 

At  the  University  Club,  New  York,  Jan.  23,  Chairman  George 
£.  Hale  and  other  officers  of  the  National  Research  Council,  gave  a 
dinner  to  officers  of  the  national  engineering  and  other  societies.  About 
thirty  persons  were  present,  including  officers  of  the  National  Research 
Council,  the  four  Founder  Societies,  American  Society  for  Testing 
Materials,  Society  of  Automotive  Engineers,  Inc.,  Illuminating  Engi- 
neering Society,  United  Engineering  Society,  and  Engineering  Founda- 
tion. Letters  were  received  from  the  Western  Society  of  Engineers, 
which  also  had  been  invited.  Gano  Dunn;  vice-chairman  of  National 
Research  Council,  was  toastmaster. 

The  proposed  permanent  organization  of  the  National  Research 
Council  and  possible  methods  of  connection  with  the  national  engi- 
neering societies,  either  directly  or  through  Engineering  Foundation, 
were  outlined.  It  was  suggested  that  not  only  the  four  Founder  Societies 
be  represented  in  the  Engineering  Division  of  National  Research  Council, 
but  also  that  the  other  national  engineering  societies  be  admitted  to 
membership.  It  was  proposed  that  the  Engineering  Division  should 
have  a  chairman  who  should  be  an  engineer  of  wide  reputation  and  of  the 
highest  professional  attainments  who  should  devote  his  whole  time  to  the 
establishment  and  development  of  the  Division.  Methods  of  organizing 
industrial  research  were  discussed.  At  a  subsequent  meeting  of  the 
National  Research  Council,  an  invitation  was  issi^ed  to  each  of  the 
national  societies  to  form  a  research  committee  encouraging  that  com- 
mittee to  become  active  in  the  promotion  of  research  within  its  respective 
field.  Due  recognition  is  to  be  given  each  committee  in  the  general 
organization  of  the  National  Research  Council. 

Dr.  H.  M.  Howe,  in  a  very  interesting  and  comprehensive  address, 
told  of  much  important  work  that  had  been  done  by  the  various  sections 
of  the  Research  Council,  as  that  of  mechanical  engineering  in  develop- 
ing the  often  rather  nebulous  devices  for  helping  win  the  war  and  putting 
them  in  such  form  that  they  could  be  of  direct  use  to  the  miUtary  service. 
The  section  on  metallurgy,  till  lately  under  Bradley  Stoughton  and  now 
under  G.  H.  Clevenger,  did  much  valuable  work  in  the  improvement  of 
helmets  and  body  armor  and  made  very  extensive  ballistic  tests  with 
refractory  steels  for  this  purpose.  Important  work  was  done  in  investi- 
gating the  fatigue  of  metals  and  results  of  great  moment  were  achieved. 
The  committee  on  ferro-alloys,  under  J.  E.  Johnson,  Jr.,  did  important 
work  in  effecting  economy  of  manganese  in  steel  manufacture  with  a 
view  to  reducing  the  necessity  for  importation  of  manganese  ore,  thus 
releasing  ships  for  other  purposes.  The  section  on  electric  welding  has 
accomplished  valuable  results  in  the  development  of  electric  welding  for 
ships,  a  new  branch  of  industry  of  very  great  promise. 
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PERKIN  MEDAL  AWARDED  TO  DR.  F.  G.  COTTRELL 

On  Friday,  Jan.  17,  the  thirteenth  impression  of  the  Perkin  Medal 
was  presented  to  Dr.  Frederick  Gardner  Cottrell,  at  a  meeting  of  the 
New  York  Section  of  the  Society  of  Chemical  Industry,  held  at  the  Chem- 
ists' Club,  in  New  York  City.  The  presentation  address  was  delivered 
by  Dr.  C.  F.  Chandler,  Senior  Past  President  of  the  Society.  The 
medal  was  awarded  for  the  recipient's  work  in  the  electrical  precipitation 
of  suspended  particles  in  gases. 

Dr.  Cottrell's  career,  which  is  so  familiar  to  members  of  the  Institute, 
was  sketched  by  Dr.  Chandler.  He  told  at  some  length  of  the  experi- 
ments leading  up  to  the  final  solution  of  electrostatic  precipitation,  which 
has  done  so  much  to  solve  the  problem  of  smelter  smoke. 

The  principal  interest  in  Dr.  Cottrell's  speech  of  acceptance  lay  in 
his  remarks  about  helium,  the  production  of  which  has  been  so  reduced 
in  cost  that  it  has  practically  supplanted  the  use  of  hydrogen  for  inflation 
purposes  in  war  balloons.     He  said: 

"Two  or  three  weeks  after  war  was  declared  in  1917,  Dr.  R.  B.  Moore 
attended  a  meeting  of  the  American  Chemical  Society  in  Kansas  City. 
At  the  general  session,  Mr;  Seibel  of  the  University  of  Kansas,  gave  a 
paper  on  krypton  and  xenon  in  some  of  the  natural  gases  of  Kansas. 
At  the  end  of  his  paper,  he  expressed  regret  that  at  such  a  time,  when 
everyone  was  thinking  of  war  problems,  his  paper  was  of  a  purely  scien- 
tific nature  and  had  no  practical  bearing  on  the  war.  Dr.  Moore  imme- 
diately got  up  and  said  that  he  did  not  agree  with  Mr.  Seibel.  The 
presence  of  helium  in  those  wells  could,  and  should,  have  a  very  practical 
bearing  on  the  war  as  this  gas  could  be  extracted  in  quantity  from  the 
natural  gas  and  used  for  balloons  and  Zeppelins.  He  pointed  out  sonie 
of  the  natural  advantages  of  helium  over  hydrogen,  and  quoted  Sir 
WilUam  Ramsey's  letter  advocating  the  use  of  helium  for  airships. 
The  general  attitude  of  those  present  was  one  of  scepticism,  so  he 
finally  asked  Dr.  Cady  for  his  opinion  who  stated  that  he  believed  the 
thing  could  be  done,  but  was  very  doubtful  whether  it  could  ever  be 
made  practical  on  account  of  the  cost." 

Dr.  Moore  in  a  letter  wrote :  "  That  same  day  I  talked  to  Dr.  Parsons. 
who  was  present  at  the  meeting  and  was  returning  to  Washington  ahnost 
immediately.  I  told  him  what  had  happened,  and  that  I  believed  the 
matter  should  be  taken  up  by  the  Bureau  at  once  and  presented  to 
the  War  Department.  He  promised  to  do  this  as  soon  as  he  got  to 
Washington;  and  I  know  that  he  did  take  the  matter  up  with  other 
Bureau  officials." 

Dr.  Cottrell  continued  in  part: 

News  of  Ramsey's  suggestions  also  reached  this  country  through  other 
channels  and  eventually  came  to  our  attention.  Professors  Satterly 
and  Patterson  of  the  University  of  Toronto  commenced  experimentation 
of  the  subject  Jan.  1,  1916.  Col.  G.  A.  Burrell,  who  headed  the  research 
department  of  the  Gas  Warfare  Service  at  the  American  Universit)', 
tells  me  that  Cady's  experiments  had  also  suggested  similar  possibilities 
to  him. 

U.  S.  Balloon  Service  Interested 

However,  no  definite  step  toward  securing  action  seems  to  have  been 
taken  in  the  United  States  until  June  1,  1917,  on  which  date  Messrs. 
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Moore  and  Burrell,  at  the  time  both  of  the  Bureau  of  Mines^  called  on* 
Colonel  Chandler,  in  charge  of  the  balloon  service  for  the  Army,  and 
explained  the  whole  subject  to  hun.  He  was  intensely  interested,  at  once 
realizing  its  potentialities,  and  asked  that  a  report  be  made  to  him,  giving 
all  available  details.  He  also  took  the  matter  up  with  G.  O.  Carter, 
in  charge  of  hydrogen  plants  for  the  Navy,  who  had  had  several  years 
practical  experience  in  the  Linde  Air  Products  Co.  with  the  liquefaction 
and  separation  of  gases  by  their  process.  Mr.  Carter  also  immediately 
appreciated  the  importance  of  the  subject  and  urged  this  upon  the  atten- 
tion of  his  superiors  in  the  Navy. 

Up  to  this  time  in  the  whole  world  there  had  probably  not  been  more 
than  100  cu.  ft.  of  helium  separated  as  a  pure  gas  and  its  price  in  the  small 
lots  in  which  it  was  sold  was  at  a  rate  of  about  $1700  per  cu.  ft. 

About  this  time,  I  was  called  into  the  conference  and  was  much 
impressed  by  the  weight  which  the  British  Admiralty  apparently  laid 
upon  the  cost  of  separation  of  the  gas  as  a  determining  factor  in  its  prac- 
tical availability.  I  was  given  to  understand  that  they  had  figures  on  the 
basis  of  the  well-known  commercial  process  of  gas  by  liquefaction  and 
separation  and  were  unable  to  see  how  production  could  be  hoped  for  at 
less  than  $60  to  $80  per  thousand  cubic  feet,  which  they  felt  to  be  prac- 
tically prohibitive  for  the  program  they  then  had  in  mind.  It  was  at 
this  stage  that  I  suggested  turning  to  Mr.  Norton  at  least  for  a  plan  and 
estimate  of  what  he  thought  might  be  accomplished  along  the  new  lines 
he  had  been  following  and  we  accordingly  wired  for  him.  On  Monday, 
June  4,  we  spent  practically  the  whole  day  in  thrashing  out  the  subject* 
with  the  result  that  Mr.  Norton  was  asked  to  act  as  a  consulting  engineer 
of  the  Bureau  of  Mines  and  prepare  plans  and  estimates  for  an  experi- 
mental plant. 

Appropriation  Made  for  Work 

In  due  course,  a  formal  report  made  by  the  Bureau  of  Mines  was 
transmitted  through  Secretary  Lane  to  the  War  Department,  and  al- 
though this  report  was  as  yet  fragmentary  and  based  on  very  inadequate 
data  concerning  the  practical  conditions  to  be  met  in  the  field,  the  Air- 
craft Board,  on  July  31,  1917,  recommended  an  allotment  of  $100,000, 
half  each  for  the  Army  and  Navy,  which  became  available  for  use  of  the 
Bureau  of  Mines  on  Aug.  4. 

A  detailed  survey  of  coal  conditions  to  determine  the  best  available 
supply  of  natural  gas  for  the  purpose  was  at  once  begun,  as  also  the  prepa- 
ration of  working  drawings  for  the  experimental  separation  plant. 

Helium  versus  Argon 

The  general  supervision  of  this  was,  for  a  short  period,  at  this  time 
placed  in  the  hands  of  Prof.  W.  H.  Walker,  of  the  Massachusetts  Institute 
of  Technology,  who  had  come  to  Washington  to  assist  in  the  chemical 
warfare  work.  I  beUeve  it  was  his  suggestion,  for  purposes  of  military 
secrecy,  to  use  the  word  *' argon"  as  a  code  term  for  helium  in  all  corre- 
spondence on  the  subject,  it  being  thought  that  as  real  argon  is  also  an 
inert  gas,  but  too  heavy  to  be  of  any  value  in  balloons,  and  is  already 
used  to  a  large  extent  in  the  incandescent-lamp  industry,  this  would  serve 
as  particularly  effective  camouflage.  This  has,  in  fact,  so  effectively 
confused  the  two  words  in  the  public's  mind  that  it  will  take  some  Uttle 
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effort  to  clear  up  the  situation,  and  I  would  therefore  bespeak  your  help 
in  holding  strictly  to  the  true  name  helium  whenever  referring  to  the 
subject,  now  that  all  secrecy  in  the  matter  has  been  abandoned. 

Even  though  we  had  been  drawn  into  this  work  primarily  throufrh  the 
desire  of  the  British  authorities  to  find  a  more  economic  process  than  those 
already  known  to  them,  it  was  now  felt  that  the  project  had  taken  on  such 
magnitude  that  the  whole  field  should  be  carefully  canvassed  de  nm. 
Mr.  Burrell  therefore  communicated  with  the  two  well-established  operat- 
ing companies  controlling,  respectively,  the  Linde  and  Claude  systems 
of  gas  liquefaction  and  distillation,  to  determine  whether  it  would  be 
possible  to  work  out  a  plan  of  general  cooperation  and  pooling  of  infonna- 
tion  ai;id  facilities  for  this  specific  war  purpose.  Due  to  questions  of  trade 
secrets  and  other  business  relations,  this  did  not,  however,  prove  prac- 
ticable, though  both  companies  expressed  themselves  as  anxious  to 
cooperate  individually  with  the  Government  and  entirely  willing  to 
undertake  independently  iihe  erection  of  plants  of  their  own  respective 
designs  at  cost,  or  even  less,  and  have  ever  since  most  cordially  furnished 
every  aid  in  their  power  to  make  the  work  as  a  whole  a  success. 

British  Send  Commission 

At  this  juncture  a  special  commission  from  the  British  Admiralty, 
headed  by  Commander  Cyprian  D.  C.  Bridge,  arrived  in  this  country  to 
^collect  data  and  exchange  ideas  on  what  was  being  done,  and  from  the 
'resulting  conferences,  the  possible  importance  of  the  work  in  hand  became 
so  evident  that  the  Aircraft  Board,  on  Oct.  17,  1917,  recommended 
that  a  further  allotment  of  $500,000  be  made  jointly  by  the  Army  and 
Navy  to  permit  of  immediately  starting  construction  of  complete  pUnts 
under  all  three  processes. 

In  accordance  therewith  Mr.  Norton  was  directed  to  prepare  plans 
for  a  somewhat  more  complete  plant  embodying  his  process  than  had 
originally  been  contemplated.  This  brought  the  total  estimated  cost 
of  the  plant  to  about  $150,000. 

Norton  Project  Sidetracked 

In  making  the  actual  allotment  however,  the  Navy  placed  a  re- 
striction upon  its  half  of  the  $500,000  that  none  of  it  should  be  used  on  the 
Norton  project.  When  this  was  called  to  the  attention  of  the  Army, 
the  latter  decided  to  follow  the  Navy's  lead,  as  they  were  very  largely 
relying  upon  it  for  guidance  and  had  designated  Mr.  Carter  to  represent 
them  jointly  in  the  matter. 

While  thoroughly  realizing  the  expediency  of  the  Na\'y'8  policy 
in  making  sure  that  the  plants  under  established  processes  should 
be  adequately  financed  and  pushed  with  all  possible  rapidity  to  comple- 
tion, the  curtailment  of  support  for  the  newer  and  more  experimental 
portion  of  the  program  was  a  disappointment  to  those  of  us  in  the  Bureau 
of  Mines  who  had  made  a  careful  study  of  the  Norton  project  and  feh 
strongly  as  to  the  importance  of  giving  it  a  thorough  trial.  The  repre- 
sentatives of  the  British  Admiralty  also  stated  frankly  that  their  main 
interest  lay  in  the  experiments  on  this  process,  as  there  was  no  particular 
doubt  in  their  minds  that  either  of  the  other  processes  could  produce 
the  gas,  the  only  question  being  one  of  cost,  and  on  this  no  one  responsibly 
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connected  with  either  of  the  two  old  processes  had  been  willing  to  hold  out 
any  definite  hopes  of  producing  helium  below  the  cost  of  $80  per  1000 
cu.  ft.,  which  the  Admiralty  at  that  time  considered  fprohibitive  for  its 
chief  purposes.  The  matter  was  consequently  taken  up  afresh  with  the 
Aircraft  Board,  and  after  considerable  discussion,  that  body,  on  Dec. 
11,  recommended  to  the  Army  and  Navy  a  further  joint  appropriation 
of  $100,000  specifically  for  the  Norton  project.  The  Army  immediately 
acquiesced  with  regard  to  its  half  but  the  Secretary  of  the  Navy,  feeling 
the  need  of  further  outside  advice  in  the  matter,  requested  the  National 
Research  Council  to  investigate  the  project  with  special  regard  to  its 
theoretical  soundness  and  its  apparent  chances  for  practical  success. 

Committee  Appointed 

The  Council  appointed  for  this  purpose  a  Committee  of  five  consisting 
of  Prof.  Harvey  N.  Davis,  of  Harvard  University;  Dr.  Edgar  Buckingham 
and  Dr.  Charles  W.  Waidner,  of  the  Bureau  of  Standards;  Dr.  W.  S. 
Landis,  of  the  Air  Nitrates  Corporation;  and  S.  L.  G.  Knox,  consulting 
mechanical  engineer  and  later  scientific  attach^  of  the  American  Embassy 
at  Rome.  This  Committee,  after  very  careful  comparative  study  of  the 
three  processes,  concurred  in  the  Aircraft  Board's  recommendation  of 
the  additional  $100,000,  which  was  then  immediately  made  available 
by  the  Army  and  Navy.  This  was  early  in  February,  1918,  the  con- 
troversy over  the  support  of  the  project  having  delayed  the  actual 
starting  of  construction  on  the  Norton  plant  by  something  over  two 
months. 

In  the  meantime  contracts  had  been  closed  with  the  Linde  Air 
Products  Co.  and  with  the  Air  Reduction  Co.  for  the  construction  and  ex- 
perimental operation  of  a  Linde  and  a  Claude  plant  respectively,  each  for 
an  estimated  daily  production  of  about  7000  cu.  ft.  of  helium,  and  con- 
struction was  well  along  on  each.  These  plants  were  to  be  located  at 
North  Fort  Worth,  Texas,  and  operate  on  a  natural  gas  containing  about 
0.9  per  cent,  by  volume  of  helium  and  of  which  the  Lone  Star  Gas  Co. 
was  bringing  some  20,000,000  cu.  ft.  daily  through  its  pipe  line  from  the 
wells  at  Petrolia,  more  than  100  mi.  northeast  of  Fort  Worth,  to  that 
city  for  domestic  and  industrial  consumption. 

Quantity  and  Purity  Increase 

The  Linde  Plant,  costing  in  round  figures  $300,000,  was  the  first 
to  be  contracted  for  and  have  its  construction  started.  It  commenced 
operation  Mar.  6  and  on  Mar.  22  produced  gas  containing  28  per  cent, 
helium.  On  Apr.  21,  this  purity  had  reached  50  per  cent.,  the  yield 
being  at  first  small,  but  both  quantity  and  purity  steadily  increased 
up  to  a  maximum  daily  production,  on  Sept.  6,  of  7755  cu.  ft.  of  67 
per  cent,  purity,  with  average  production  of  say  5000  cu.  ft.  at  over 
70  per  cent,  purity,  which  was  then  further  purified  in  a  second  step 
to  about  92  to  93  per  cent,  purity. 

The  Claude  plant,  costing  about  half  as  much  as  the  Linde,  com- 
menced production  some  weeks  later  than  the  latter,  and  has  also  gradu- 
ally increased  its  production  and  purity  of  product.  Although  up  to  date 
these  are  still  considerably  behind  the  performance  of  the  Linde  plant, 
a  new  still  is  just  being  installed  at  the  Claude  plant  which  it  is  hoped 
will  materially  improve  both  yield  and  purity  of  the  product. 
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Due  to  present  pipe-line  limitations  coupled  with  heavy  consumption 
of  fuel  gas  at  this  time  of  year,  it  has  been  necessary  for  some  months 
past  for  the  Lone  Star  Gas  Co.  to  substitute  for  part  of  the  Petrolia 
gas  some  from  other  fields  carrying  less  helium,  so  that  the  helium  content 
of  the  gas  at  present  being  treated  at  Fort  Worth  has  fallen  to  between 
0.4  and  0.5  per  cent,  by  volume,  which  proportionately  cuts  down  the 
production  at  both  plants. 

At  the  time  of  signing  the  armistice,  the  first  shipment  of  147,000 
cu.  ft.  of  93  per  cent,  helium  was  on  the  dock  about  to  be  loaded  aboard 
ship  for  Europe.  This  at  the  above  cited  pre-war  prices  would  represent 
about  $250,000,000  worth  of  gas. 

A  large  part  of  the  credit  for  the  promptness  with  which  this  actual 
production  was  effected  is  due  to  Mr.  Carter  who  was  tireless  in  his 
efforts  in  pushing  matters  of  priority,  transportation,  construction  and 
production. 

The  Army  and  Navy  have  now  jointly  entered  upon  a  larger  pro- 
duction program  under  the  immediate  direction  of  the  Navy,  and  have 
allotted  some  $5,000,000  for  the  purpose,  including  the  construction 
of  a  new  pipe  Une  and  additional  units  of  the  Linde  plant  at  Fort  Worth. 
General  Squier,  in  an  address  before  the  American  Institute  of  Electrical 
Engineers,  recently  stated  that  ''Plants  are  under  construction  to  give 
at  least  50,000  cu.  ft.  a  day  at  an  estimated  cost  of  not  more  than  10 
c.  per  cu.  ft."  If  present  expectations  of  the  Norton  process  are  fulfilled, 
this  cost  may  be  still  further  greatly  reduced. 


GOLD   MEDAL  OF  MINING  AND   METALLXIRGICAL   SOCIETT 
AWARDED  TO  CHARLES  EUGENE  SCHNEIDER 

The  committee  appointed  by  W.  R.  Ingalls,  president  of  the  Mining 
and  Metallurgical  Society  of  America,  to  nominate  candidates  for  the 
annual  gold  medal  of  the  Society  consisted  of  E.  G.*  Spilsbxiry,  J.  E. 
Johnson,  Jr.,  and  Bradley  Stoughton.  This  committee  recommended 
Mr.  Schneider  of  the  Creuzot  Works  in  France  for  achievements  in  ferrous 
metallurgy,  which  recommendation  was  approved  by  the  Society. 
From  the  report  of  the  committee,  the  following  facts  relative  to  ifcr. 
Schneider's  career  are  taken : 

Born  in  1868,  Charles  Eugene  Schneider  undertook  the  management 
of  the  Schneider  establishment  in  1898,  after  the  death  of  his  father, 
Henri  Schneider.  Under  his  enlightened  management,  the  Schneider 
establishments  have  been  considerably  extended,  their  activity  being 
not  only  directed  to  increasing  production,  but  also  to  spreading  more 
and  more  their  scope  for  action  in  all  branches  of  industry — in  metal- 
lurgy, mechanical  and  electrical  construction,  shipbuilding,  artillery  and 
ammunition,  and  in  public  works.  During  the  10  years  preceding  tiie 
war,  the  number  of  employees  in  these  establishments,  and  without  count- 
ing those  of  the  more  numerous  subsidiaries,  increased  approximately 
50  per  cent. 

While  giving  to  peace  industries  all  the  attention  necessitated  by 
the  progress  in  science  and  the  continual  improvement  in  industrial 
methods  and  products,  Eugene  Schneider,  with  a  perspicacity  that 
recent  events  have  justified  in  a  striking  manner,  especially  directed  his 
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efforts  toward  the  creation  in  France  of  a  war  industry  able  to  counter- 
balance, when  the  time  came,  the  enormous  power  which  the  German  war 
industry  had  established.  The  task  was  all  the  more  difficult  in  that 
the  French  Government,  supplied  by  its  own  arsenals,  placed  few  orders 
with  private  concerns,  and  because  the  Krupp  Works  had  known  how  to 
establish  a  kind  of  monopoly  throughout  the  world,  helped  to  this  end  by 
the  now  familiar  commercial  methods  and  through  the  fact  that  a  French 
law,  only  abrogated  in  1882,  prohibited  the  export  to  foreign  coimtries 
of  war  materials. 

Already  in  1895,  the  Schneider  estabUshments  made  special  efforts 
to  realize  and  improve  heavy  and  light  field  ordnance,  known  as  quick- 
firing,  the  appearance  of  which  called  forth  a  revolution  in  the  arma- 
ment and  tactics  of  modern  artillery.  After  comparative  trials,  made  in 
numerous  countries,  between  Krupp  and  Schneider  materials,  the  latter 
were  adopted  (in  spite  of  Krupp's  influence  and  prestige),  owing  to  their 
superiority,  duly  ascertained  by  military  commissions.  At  the  time 
of  the  breaking  out  of  the  European  war,  most  nations  which  do  not  do 
their  own  manufacturing  had  replaced  Krupp  artillery  materials  by  those 
of  Schneider;  successive  failures  in  the  materials  of  the  German  firm, 
reports  of  which  had  been  spread  broadcast,  sanctioned  the  triumph  of 
the  French  manufacturer,  confirmed  by  the  present  war. 

When  the  war  began,  the  development  reached  by  Mr.  Schneider  in 
the  manufacture  of  war  materials  proved  extremely  helpful  to  the  French 
Government.  In  the  Schneider  Works,  not  only  units  of  various  calibers 
were  found  to  be  completed,  or  in  the  course  of  manufacture,  for  foreign 
governments,  but  also  shops  ready  to  immediately  undertake  artillery 
and  ammunition  manufacture  and  a  competent  staff  for  these  difficult 
tasks;  a  specially  trained  staff  to  assist  in  starting  numerous  other  shops 
which  were  not  familiar  with  this  kind  of  work. 

The  Schneider  Works  and  their  many  subsidiaries  which,  since  mobi- 
lization, have  been  exclusively  devoted  to  war  work,  in  spite  of  labor 
difficulties,  employ  at  the  present  time  about  150,000  workmen.  The 
Creuzot  Plants,  which  are  the  oldest  and  most  important  of  the  Schneider 
Works,  employ  in  addition  to  local  labor,  reduced  through  mobilization, 
Arabian,  Moroccan,  Anamite,  Chinese,  Spanish  workmen,  etc.  Women 
constitute  now  about  one-third  of  the  labor. 

The  war  materials,  deUvered  in  very  large  quantities  during  the  war 
to  the  French  and  Allied  governments,  are  of  the  most  varied  types: 
Field  guns  and  howitzers  (heavy  and  light  types),  siege  guns,  large  caliber 
guns  on  railway  mounts,  tanks,  shells,  cases,  fuses,  explosives,  torpedoes, 
sights,  submarine  and  aeroplane  engines,  armorplate,  etc.  Not  only  in 
France,  but  in  Russia,  Italy  and  England,  Schneider  et  Cie.'s  engineers 
have  initiated  numerous  works  for  war  manufacturers,  especially  in  the 
preparation  of  special  gun  and  shell  steels.  Also  the  American  Govern- 
ment adopted  for  its  ordnance  the  155  and  240  mm.  howitzers  and  rail- 
way mounts  for  large  caliber  guns,  the  Schneider  model.  This  ordnance 
brilliantly  proved  its  superiority  on  European  battle  fields  and  is  at 
the  present  time  being  manufactured  in  U.  S.  arsenals,  with  the  technical 
help  of  specially  trained  agents  from  the  Schneider  Works. 

Besides  the  technical  and  industrial  development  of  the  Works, 
Eugene  Schneider  has  given  his  attention  to  social  economics  as  begun 
by  his  ancestors  for  the  welfare  of  their  employees.  All  questions  per- 
taining to  the  interest  of  workmen  have  been  the  object  of  his  constant 
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attention  and,  very  often,  received  solutions  which  were  very  much  in 
anticipation  of  recent  laws.  These  institutions  of  social  economics  c&n 
be  summed  up  as  follows:  Schools,  technical  instruction,  evolution  of 
salaries,  inducements  to  saving,  old-age  pensions,  allowances  for  the  sick 
and  the  wounded,  medical  attention,  hospitals,  hygiene  and  safety  con- 
ditions, mutual  societies,  etc. 

Mr.  Schneider  was  elected  to  the  presidency  of  the  British  Iron 
Steel  Institute  for  the  year  1918. 


DISMISSAL  OF  PUBLIC  SERVICE  COMMISSION  ENGINEERS 

On  Jan.  6,  1919,  an  urgent  meeting  of  the  Executive  Committee  of 
the  Engineering  Council  was  called  to  determine  what  action  the  Engi- 
neering Council  could  take  concerning  the  sudden  dismissal,  by  ^e 
PubUc  Service  Commission  for  the  First  District  of  New  York,  of  approxi- 
mately 350  engineers  and  assistants  engaged  on  subway  construction. 
This  dismissal  was  forced  by  action  of  the  Board  of  Estimate  and  Appor- 
tionment of  the  City  in  the  adoption  of  a  segregated  line  budget.  It  was 
decided  that  a  hearing  should  be  held,  if  suitable  requests  therefore  were 
made.  Commimications  having  been  received  from  the  Acting  Chair- 
man of  the  Public  Service  Commission,  American  Society  of  Civil  Enjgi- 
neers,  Brooklyn  Engineers'  Club,  the  Municipal  Engineers  of  the  City 
of  New  York,  also  a  petition  signed  by  more  than  60  engineers,  a  special 
committee  was  appointed  and  a  hearing  held  in  Engineering  Societies 
Building  Jan.  14.  The  members  of  this  committee  were  Harold  W. 
Buck,  Chairman,  C.  A.  Adams,  C.  W.  Baker,  N.  A.  Carle,  George  J. 
Foran,  Allen  Hazen,  Clemens  Herschel,  Alex.  C.  Humphreys,  D.  S. 
Jacobus,  J.  F.  Sanborn,  J.  Waldo  Smith,  and  Herman  Aaron,  Counsel. 
To  this  hearing  were  invited  the  City  authorities,  engineers,  and  civic 
associations  interested.  There  was  an  attendance  of  about  50  persons, 
and  the  facts  of  the  case  were  well  presented.  A  printed  statement  of 
the  findings  was  sent  to  the  Board  of  Estimate,  the  Public  Service  Com- 
mission and  its  engineers,  the  Governor,  more  than  100  civic  and  trade 
associations  in  New  York,  many  engineering  societies  throughout  Ae 
country,  daily  newspapers, '  and  the  technical  journals,  as  well  as 
the  representatives  on  Engineering  Council.  At  the  end  of  January,  the 
City  authorities  made  provision  for  restoring  most  of  the  engineers  to 
their  positions  and  continuing  the  subway  construction.  Some  of  tie 
dismissed  engineers,  it  is  reported,  will  receive  pay  also  for  January. 
Letters  recently  received  from  the  Acting  Chairman,  the  Chief  Engineer 
and  the  Engineer  of  Subway  Construction  of  the  PubUc  Service  Commis- 
sion expressed  appreciation  of  Council's  efforts,  and  stated  that  they 
had  been  effective. 

Alfred  D.  Flinn,  Secreiary. 


ANNUAL  MEETING  OF  AUTOMOTIVE  ENGINEERS 

Efficiency  was  the  keynote  of  the  annual  meeting  of  the  Society  of 
Automotive  Engineers  that  was  held  in  New  York  on  Feb.  4-6.  The 
influence  of  the  war  was  also  very  evident  at  each  meeting,  in  both  the 
papers  and  the  discussions.    The  Thursday  morning  session  was  devoted 
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to  the  discussion  of  fuels,  the  subjects  ranging  from  More  Efficient 
Utilization  of  Fuel,  by  Chas.  F.  Kettering,  to  Consideration  of  Mexico  as  a 
Source  of  Petroleum  and  Its  Products,  by  E.  De  Golyer.  WTiile  the 
opening  session,  Wednesday  morning,  was  of  a  general  nature;  the 
first  afternoon  session  was  devoted  to  the  automobile  and  the  second  to 
aircraft. 

The  officers  for  the  coming  year  are:  President,  Charles  M.  Manly; 
first  vice-president  B.  B.  Bachman;  second  vice-president,  representing 
motor  car  engineering,  E.  H.  Belden;  second  vice-president,  representing 
aviation  engineering,  Elmer  A.  Sperry;  second  vice-president,  represent- 
ing tractor  engineering,  T,  B.  Fxmk;  second  vice-president,  representing 
marine  engineering,  John  J.  -AJmory;  second  vice-president,  representing 
stationary  internal  combustion  engineering,  L.  S.  Keilholtz;  members  of 
the  Council  to  serve  for  two  years,  E.  A.  De  Waters,  David  Fergusson, 
Edward  A.  Johnston;  (to  serve  for  one  year),  Charles  S.  Crawford,  J.  V. 
Whitbeck,  Treasurer,  Charles  B.  Whittelsey. 


PRIZE  ESSAY  CONTEST  IN  INDUSTRIAL  ECONOMICS 

The  National  Industry  Conference  Board  offers  a  prize  of  $1000 
for  the  best  monograph  on  any  one  of  the  following  subjects: 

1.  A  practicable  plan  for  representation  of  workers  in  determining 
conditions  of  work  and  for  prevention  of  industrial  disputes. 

2.  The  major  causes  of  unemployment  and  how  to  minimize  them. 

3.  How  can  efficiency  of  workers  be  so  increased  as  to  make  high  wage 
rates  economically  practicable? 

4.  Should  the  State  interfere  in  the  determination  of  wage  rates? 

5.  Should  rates  of  wages  be  definitely  based  on  the  cost  of  living? 

6.  How  can  present  systems  of  wage  payments  be  so  perfected  and 
supplemented  as  to  be  most  conducive  to  individual  efficiency  and  to  the 
contentment  of  workers? 

7.  The  closed  union  shop  versus  the  open  shop :  their  social  and  eco- 
nomic value  compared. 

8.  Should  trade  unions  and  employers'  associations  be  made  legally 
responsible? 


NEW  MILITARY  ENGINEERING  SCHOOL 

A  new  Military  Engineering  School  has  been  established  at  Camp 
•A.  A,  Humphreys,  Virginia.  This  camp  was  used  throughout  the 
summer  and  fall  of  1918  for  the  Engineering  Officers  Training  School 
in  preparing  engineer  officers  for  the  United  States  Army.  The  camp 
and  the  courses  prescribed  were  laid  out  on  an  ambitious  scheme,  which 
since  the  armistice  has  been  signed,  have  been  directed  wholly  toward 
the  permanent  establishment  of  an  Engineering  Training  School  for 
Officers  of  the  regular  Army. 

Those  young  officers  who  were  graduated  from  West  Point  at  the 
end  of  a  two-year  course,  necessitated  by  the  emergency,  have  been 
ordered  to  Camp  Humphreys  to  complete  their  engineering  education. 
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Major-General  William  M.  Black,  Chief  of  Engineers,  conceived  this 
idea  of  a  school  which  has  a  unique  curriculum.  The  student  will  not 
first  be  taught  the  theory  from  books  and  later  taught  how  to  apply  his 
learning  practically.  He  will  first  be  given  practical  object  lessons 
and  see  his  problems  worked  out  by  the  building  of  bridges  and  the  con- 
struction of  different  engineering  problems,  etc.  He  then  will  go  to  his 
books  and  study  the  theory  with  his  mind  full  of  pictures  obtained  from 
his  field  work. 

The  army  officers  who  have  acquainted  themselves  with  this  pre- 
liminary experiment  at  Camp  Humphreys  are  enthusiastic  over  it,  and 
the  Military  Aflfairs  Committees  in  Congress  are  very  well-disposed 
toward  the  ideas  of  the  school.  No  one  who  knows  General  Black  can 
doubt  its  ideals,  and  no  one  who  knows  what  the  E.  O.  T.  S.  did  toward 
making  engineer  officers  out  of  civilian  engineers  can  doubt  the  ultimate 
results  of  the  work  proposed. 


RESEARCH  GRADUATE  ASSISTANTSHIPS  AT  THE  UNIVERSITY 

OF  ILLINOIS 

At  the  close  of  the  current  academic  year,  there  will  be  eight  vacancies 
to  be  filled  in  research  graduate  assistantships  which  are  maintained  by 
the  Engineering  Experiment  Station  of  the  University  of  Illinois.  In 
addition  to  these  assistantships,  there  are  available  two  research  graduate 
assistantships  in  gas  engineering,  which  are  supported  by  the  Illinois 
Gas  Association.  These  assistantships,  for  each  of  which  there  is  an 
annual  stipend  of  $500  and  freedom  from  all  fees  except  the  matriculation 
and  diploma  fees,  are  open  to  graduates  of  approved  American  and  for- 
eign universities  and  technical  schools  who  are  prepared  to  undertake 
graduate  study  in  engineering,  physics,  or  applied  chemistry. 

An  appointment  (to  the  position  of  Research  Graduate  Assistant  is 
made  and  must  be  accepted  for  two  consecutive  collegiate  years,  at  the 
expiration  of  which  period,  if  all  requirements  have  been  met,  the  degree 
of  Master  of  Science  will  be  conferred.  Not  more  than  half  of  the  time 
of  a  Research  Graduate  Assistant  is  required  in  connection  with  the  work 
of  the  department  to  which  he  is  assigne47  the  remainder  being  available 
for  graduate  study. 

Nominations  to  these  positions,  accompanied  by  assignments  to 
special  departments  of  the  Engineering  Experiment  Station,  are  made 
from  applications  received  by  the  Director  of  the  Station.  The  nomina- 
tions are  made  by  the  Executive  Staff  of  the  Station,  subject  to  the 
approval  of  the  President  of  the  University.  Nominations  are  based 
upon  the  character,  scholastic  attainments,  and  promise  of  success  in 
the  principle  line  of  study  or  research  to  which  the  candidate  proposes  to 
devote  himself.  Preference  is  given  those  applicants  who  have  had  some 
practical  engineering  experience  following  the  completion  of  their  under- 
graduate work.  Appointments  are  made  in  the  spring,  and  they  become 
effective  the  first  day  of  the  following  September.  Vacancies  may  be 
filled  by  similar  nominations  and  appointments  at  other  times. 
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INTERNATIONAL  CONTROL  OF  MINERALS'* 

The  annual  world  production  of  minerals  approximates  1,700,000,000 
tons,  over  90  per  cent,  of  which  consists  of  coal  and  iron.  Of  this  amount 
about  two-thirds  is  used  within  the  countries  where  the  minerals  are 
produced  and  one-third  is  shipped  to  other  countries.  The  movement 
of  most  of  these  minerals,  though,  shows  a  rather  remarkable  concentra- 
tion. For  instance,  manganese  moves  from  three  principal  sources  and 
converges  at  four  or  five  consuming  centers;  chromite  and  tungsten 
move  from  two  principal  sources. 

The  United  States  is  more  nearly  self-sustaining  in  regard  to  mineral 
commodities  as  a  whole  than  any  other  country  on  the  globe;  but  the 
interests  of  conservation  call  for  an  international  viewpoint  in  the 
handling  of  our  mineral  resources.  There  is  perhaps  as  much  need  of 
specializing  in  mineral  output  as  there  is  of  specializing  in  manufacturing. 
The  thought  that  every  countrv  on  the  globe  should  be  self-sustaining 
in  regard  to  mineral  supplies  is  of  somewhat  the  same  order  as  the  thought 
that  every  family  should  produce  all  its  own  raw  materials  rather  than 
take  advantage  of  the  more  favorable  conditions  existing  elsewhere  and 
80  specialize  in  human  effort. 

Extension  of  international  control  of  minerals  seems  to  offer  possi- 
bilities of  loss  and  gain — loss  through  a  considerable  sacrifice  of  national 
trade  and  a  narrowing  of  the  field  for  private  initiative  in  trade;  gain 
throu^  the  possibility  of  attaining  certain  ends  which  are  attainable 
only  by  international  agreement,  such  as  an  allocation  of  supplies  which 
will  be  to  the  advantage  of  the  greater  number  of  nations  rather  than  to 
the  advantage  of  the  few  that  are  strong  enough  to  dominate  the  situa- 
tion. The  interests  of  conservation  clearly  require  international  control. 
Moreover,  the  lesson  of  the  war  points  to  the  necessity  of  overhauling 
old  international  imderstandings  and  machinery,  even  though  such  a 
task  would  encounter  great  difficulties,  not  the  least  of  which  lie  in  the 
persistence  of  human  habits  and  inertia.  Whether  the  time  has  come  to 
establish  a  league  of  nations  with  economic  control  can  be  determined 
only  by  our  individual  and  collective  answers  to  the  question  whether 
we  are  willing  to  make  the  necessary  economic  sacrifices,  individually 
and  nationally,  in  the  interest  of  world  harmony.  The  mineral  industry 
should  fuUy  understand  that,  with  international  control,  efforts  to  pro- 
mote export  will  need  to  be  modified  and  curtailed;  that  expansion  of  our 
trade  in  many  lines  will  mean  equivalent  loss^  of  trade  to  other  nations; 
that  the  almost  universal  conception  that  expansion  of  foreign  trade  is  a 
meritorious  aim  and  end  in  itself,  without  regard  to  its  effect  on  other 
countries,  will  need  revision. 


MEMORANDUM  FOR  THE  BULLETIN 

Volume  LIX  has  now  been  shipped  to  all  members  of  the  Institute 
and  should  be  received  in  advance  of  this  Bulletin. 


Abstract  from  a  Bulletin  published  by  the  U.  S.  Geological  Survey. 
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COLLECTION  OF  WAR  ENGINEERING  MATERIAL 

At  the  office  of  the  Chief  of  Engineers,  Washington,  there  is  a 
unique  collection  of  engineering  material  used  and  developed  in  the 
present  war.  It  is  a  most  interesting  group  of  war  devices,  from  the 
special  trench  shovel  that  excavates  both  gas  and  water,  to  the  standard 
gage  locomotives  that  were  sent  to  France  so  complete  that  they  were 
lifted  from  the  ships  by  cranes,  placed  on  the  rails  on  shore,  filled  with 
water,  fired  up,  and  moved  out  from  underneath  the  cranes  under  their 
own  steam.  Ever3rthing  is  exhibited  either  by  models,  or  by  photo- 
graph where  the  original  samples  are  too  large  to  admit  of  demonstra- 
tion in  an  ordinary  office. 

The  forestry  section  has  an  interesting  exhibit  of  the  wonderful  work 
done  in  France;  where,  owing  to  the  shortage  of  coal  and  the  necessity 
for  burning  wood,  the  Forestry  Unit  of  the  A.  E.  F.  in  one  month  stacked 
up  60  mi.  of  cord  wood  (80,000  cords) ;  also  cut  6.6  mi.  of  timber,  stacked 
12  ft.  long,  and  10  ft.  high,  containing  50,000,000  board  feet  of  sawed 
timber. 

The  question  of  portable  searchlights  for  battlefield  illumination 
has  been  most  successfully  grappled  with  by  the  engineers,  the  latest 
development  being  a  60-in.  open-tube  searchlight  weighing  900  lb., 
including  the  trail,  with  an  efficiency  far  ahead  of  any  searchlight 
known.  The  sound  and  flash  ranging  devices  comprise  aerial,  surface, 
and  subterranean.  An  aerial  9-ft.  paraboloid,  to  locate  aircraft,  mounts 
on  a  trailer  truck  was  produced  at  a  cost  of  $900;  its  weight  was  13001b. 
as  against  a  similar  French  machine  weighing  7000  lb.  and  costing 
S1500.  There  have  also  been  devised  surface  ranging  devices  employed 
in  locating  enemy  guns  by  recording  the  difference  in  time  required  for 
sound  to  move  from  its  source  to  specially  constructed  electric  receivers 
situated  at  predetermined  points.  In  the  flash  ranging  set,  a  specially 
constructed  telescope,  that  is  trained  upon  any  visible  target,  electric 
signals  from  observers  are  carried  to  the  operator,  who  sits  before  a 
map  and  by  triangulation  and  the  signals  from  the  observers  is  able 
to  find  the  exact  location  of  the  enemy  batteries.  The  subterranean  set 
is  merely  two  geophones  attached  to  a  stethoscope,  by  which  the  operator 
locates  mining,  sapping  or  any  ground  noise. 

The  military  mapping  section  shows  contour  maps  which  give  a  very 
accurate  idea  of  the  earth  surface  by  a  simple  use  of  the  air  brush  which 
indicates  all  depressions  and  rises.  In  the  accessories  section  there  is  a 
wealth  of  small  material,  including  engineers'  acetylene  tent  outfits, 
flare  lamps,  trench  shovels;  and  the  Eke. 


HOOVER  CALLS  FOR  CLOTfflNG 

Herbert  Hoover,  head  of  the  European  Relief  Administration,  has 
cabled  the  American  Red  Cross  that  an  immediate  supply  of  clothing  of 
every  kind  is  absolutely  vital  to  the  health  and  life  of  "miUions  of  men, 
women,  and  children  freed  from  the  German  yoke." 

In  view  of  this  situation  the  Red  Cross  announced  tonight  that  it 
would  conduct  a  countrywide  campaign  in  March  and  hoped  to^obtain 
10,000  tons  of  clothing,  shoes,  and  blankets. 
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PERSONAL 

The  following  is  an  incomplete  list  of  members  and  guests  who  called 
at  Institute  headquarters  during  the  period  Jan.  10, 1918  to  Feb.  10,  1919. 

Lt.  C.  K.  McDonald,  U.  S.  N.  R.  F. 

Major  John  DeN.  Macomb.  Bayhead,  N.  J. 

Samuel  Melitzer,  New  York  City. 

T.  C.  Meniman,  New  Haven,  Conn. 

Wm.  J.  MiUard,  Tulsa,  Okla. 

Benj.  L.  Miller,  Bethlehem,  Pa. 

S.  B.  Patterson,  Jr.,  Allentown,  Pa. 

Lynn  L.  Pomeroy,  New  York  City. 

W.  E.  Pomeroy,  New  York  City. 

G.  M.  Ponton,  Ottawa.  Ont. 

Wallace  E.  Pratt,  Ft.  Worth.  Tex. 

Harold  L.  Rau,  Milwaukee,  Wis. 

Lt.  E.  J.  Rlstedt,  Camp  Merritt. 

George  M.  Ryall,  Los  Angeles,  Cal. 

D.  B.  Scott,  Mogollon,  N.  M. 

W.  H.  Staver. 

Douglas  B.  Sterrett,  Washington,  D.  C. 

J.  A.  Stewart,  Minneapolis,  Minn. 

R.  H.  Summer,  Wilmington,  Del. 

W.  G.  Swart,  Duluth,  Minn. 

Kirby  Thomas,  New  York  City. 

Capt.  H.  D.  Trounce,  San  Diego,  Cal. 

L.  linger.  New  York  City. 

George  F.  Vivian,  Butte,  Mont. 

R.  A.  Walter,  Reading,  Pa. 

Lt.  R.  G.  Wayland,  Chehalis,  Wash. 

R.  J.  White,  Wallace,  Idaho. 

J.  S.  Wroth,  Albuquerque,  N.  M. 


Walter  F.  £.  Barcus. 

Capt.  D.  H.  Bradley,  Jr. 

Melvis  Buigger. 

Eugdne  Coste,  Calgar>',  Can. 

C.  W.  Cromwell,  Warren,  Ariz. 

E.  O.  Daue. 

Capt.  H.  W.  Edmondson. 

£.  W.  Engelmann,  Hay  den,  Ariz. 

C.  Mason  Farnham. 

Lt.  C.  W.  Frith,  Salt  Lake  City,  I'tah. 

John  T.  Fuller,  Honesdale,  Pa. 

Walter  A.  Funk,  Idaho  Sp.,  Colo. 

Major  W.  R.  Grunow,  New  York,  N  Y. 

A.  W.  Hackwood,  Butte,  Mont. 

Lt.  Nathaniel  Herz,  New  Haven,  Conn. 

Ralph  T.  Hirsh,  New  York  City. 

0.  P.  Hood,  Washington,  D.  C. 

£.  B.  Hopkins,  Houston,  Tex. 

Hugh  C.  Ingle,  Pensacola,  Fla. 

Capt.  Wm.  F.  Jahn. 

Roswell  H.  Johnson,  Pittsburgh,  Pa. 

Jesse  L.  Jones,  Pittsburgh,  Pa. 

Edgar  Kidwell,  Berkeley,  Cal. 

D.  H.  Ladd,  Detroit,  ^iich. 

Raymond  B.  Ladoo,  Cambridge,  Mass. 

W.  H.  Landers. 

David  Lasner,  Elizabeth,  N.  J. 

J.  M.  Lilligren. 

Lt  Wm.  J.  Linn,  Chicago,  111. 


Herbert  Hoover,  General  Pershing,  Ambassador  William  G.  Sharp 
and  Admiral  William  S.  Benson  were  speakers  to-day  at  the  annual 
luncheon  in  honor  of  Washington's  Birthday,  given  by  the  American 
Club  of  Paris  at  the  Palais  D'Orsay. 

H.  S.  Adkins  announces  his  connection  with  the  First  Creek  Coal  Co. 
at  Blue  Diamond,  Ky. 

Herbert  W.  Alden  is  vice-president  of  the  Tiinken-Detroit  Axel  Co. 
at  Detroit,  Mich. 

Carl  A.  Allen  has  accepted  a  position  with  the  U.  S.  Bureau  of  Mines, 
Salt  Lake  City,  Utah. 

Clarence  W.  Andrews  is  now  employed  with  the  American  Steel 
Foundries,  Alliance,  Ohio,  in  the  open-hearth  department. 

W.  S.  Ayres,  of  Hazleton,  Pa.,  has  been  given  the  degree  of  Doctor 
of  Science  by  Lafayette  College.  At  the  same  time  the  degree  Doctor 
of  Laws  was  conferred  upon  General  Peyton  C.  March,  Chie'f  of  Staff, 
Hon.  James  M.  Beck,  of  New  York,  and  Hon.  Frank  H.  Sommer,  Dean 
of  the  School  of  Law  of  New  York  University. 

E.  E.  Barker  has  been  transferred  to  Morococha  as  superintendent 
of  the  mines  of  the  Cerro  de  Pasco  Copper  Corp. 

Albert  E.  Blair,  who  during  the  war  represented  the  Procurement 
Division  of  the  Bureau  of  Aircraft  Production  of  the  United  States  War 
Department,  is  now  located  at  3a  de  los  Heroes  45,  Mexico,  D.  F. 
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Frank  A.  Blakeslee,  has  removed  from  Oakland,  Cal.,  to  Milwaukee, 
Wisconsin. 

Frederick  E.  Brunton  has  been  transferred  from  the  Morenci  Branch 
to  the  Copper  Queen  Branch  of  the  Phelps-Dodge  Corp. 

Arthur  W.  Burgren  is  with  the  American  Smelting  and  Refining  Co. 
at  Matehuala,  S.  L.  P.,  Mexico. 

Walter  Carroll,  lately  discharged  from  the  service,  has  accepted  a 
position  with  the  B.  F.  Goodrich  Rubber  Company  at  Akron,  Ohio. 

Ra6l  Chavez  is  at  present  geologist  for  the  Twin  State  Oil  Co.  at 
Tulsa,  Olka. 

£.  A.  S.  Clarke  has  resigned  from  the  Lackawanna  Steel  Co.  and  has 
accepted  a  position  with  the  Consolidated  Steel  Corp.,  165  Broadway, 
New  York  City. 

Roy  L,  Cornell,  recently  with  the  Emerald  Isle  Copper  Co.  is  resident 
engineer  with  the  Standard  Minerals  Co.  at  Kingman,  Ariz. 

Percy  G.  Cowin,  2d  Lt.  A.  S.  S.  R.  C,  received  his  discharge  from  service 
recently  and  has  resumed  his  duties  with  the  E.  J.  Longyear  Co.,  Minne 
apolis,  Minn. 

J.  W.  Crowdus,  recently  discharged  from- the  service,  has  returned 
to  his  consulting  practice.  El  Paso,  Tex.  As  first  lieutenant  of  Engineers 
he  was  attached  to  the  General  Staflf  Mechanical  Section,  Division  of 
Purchase,  Storage  &  Traffic,  Washington,  D.  C. 

W.  M.  Dake,  Jr.,  formerly  engineer  for  L.  F.  Rains,  has  been  ap- 
pointed general  manager  of  the  Blazon  Coal  Co.,  at  Point  of  Rocks,  Wyo. 

Alfred  J.  Deischer,  vice-president  of  the  Empire  Gas  &  Fuel  Co.  will 
beginning  Feb.  10,  engage  as  a  producer  in  the  oil  and  gas  business  with 
offices  at  100  W.  59th  St.,  New  York  City. 

Fred  W.  Denton  is  now  vice-president  of  the  Copper  Range  Co. 
with  offices  at  82  Devonshire  St.,  Boston,  Mass. 

E.  H.  Dickenson,  formerly  assistant  superintendent  of  mining  and 
prospecting  for  the  Tata  Iron  and  Steel  Co.  has  been  appointed  general 
manager  of  mines  for  that  company,  at  Sakchi,  India. 

H.  W.  Doennecke  has  accepted  the  position  of  metallurgist  with  the 
Mineral  Point  Zinc  Co.  at  De  Pue,  111. 

D.  A.  Dutton,  recently  of  Golden,  Colo.,  is  at  present  working  for  the 
Primos  Exploration  Co.,  at  their  mine,  the  Urad,  at  Empire,  Colo. 

Harold  B.  Fell  received  his  discharge  from  the  army  a  short  time  ago, 
having  been  a  major  in  the  73d  Field  Artillery,  and  has  accepted  a  peti- 
tion as  general  manager  and  treasurer  with  the  Peerless  Steel  Co.  at 
Ardmore,  Okla. 

Hallard  W,  Foester  has  moved  from  Nampa,  Ida.,  to  Esqueda,  Son., 
Mex.,  care  of  Tigre  Mining  Co. 

John  M.  Fox  is  superintendent  at  the  Belmont  Wagner  Mining  Co.. 
with  offices  at  Telluride,  Colo. 

E.  D.  .Gardner  was  transferred  to  the  Bureau  of  Mines  on  Nov.  1, 
having  previously  been  with  the  Forest  Service  at  Missoula,  and  has  been 
assigned  as  engineer  in  charge  of  one  of  the  Bureau's  Mine  Reserve  corps 
in  the  West. 

T.  H.  Gamett  is  with  the  Mineral  Point  Zinc  Co.  at  Galena,  HI. 

Author  H.  Gill  has  removed  from  Ridley  Park,  Pa.,  and  is  with  the 
General  Chemical  Co.  at  Marcus  Hook,  Pa. 

Harry  D.  Griffiths  is  consulting  engineer  with  the  Kanbauk  (Burma) 
Wolpam  Mines,  Ltd.,  at  34  Great  St.  Helens,  London,  E.  C,  England. 
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Charles  E.  Griswold  is  with  the  International  Smelting  Co.,  at  Miami, 
Ariz. 

Henry  Groos  is  now  with  the  Kentucky  Rock  Asphalt  Co.,  Sweden, 
Edmonson  Co.,  Ky. 

Lauriston  B.  Herr,  Jr.,  is  with  the  Scrub  Oak  Mining  Co.,  at 
Wharton,  N.  J. 

Major  A.  Hibbert  of  the  3d  Timnelling  Co.,  Canadian  Engineers, 
B.  E.  F.,  France,  has  been  fortunate  enough  to  again  be  "mentioned  in 
Despatches"  and  has  also  been  awarded  the  D.S.O. 

Ross  G.  Hinman  has  been  honorably  discharged  from  the  army  and 
has  accepted  a  position  in  the  testing  department  of  the  New  Jersey 
Zinc  Co. 

Joseph  P.  Hodgson  has  been  made  manager  of  the  Morenci  Branch 
of  the  Phelps-Dodge  Corp.  at  Morenci,  Arjz. 

L.  F.  S.  Holland  is  connected  with  the  Arizona  Mines  &  Reduction 
Co.  at  627  Citizens  National  Bank  Bldg.,  Los  Angeles,  Cal.,  in  the 
capacity  of  consulting  engineer.  • 

Dallas  E.  IngersoU  has  resigned  as  superintendent  of  operation  with 
the  Northern  Central  Coal  Co.  and  is  now  president  of  the  Powhattan 
Coal  Co.  at  Huntsville,  Mo. 

Capt.  William  T.  Jahn  returned  to  the  United  States  on  the  steamer 
"Lapland"  in  January,  1919  after  twelve  months  active  service  in  France. 
He  has  accepted  a  position  with  the  Dorr  Co.  at  17  Battery  Place,  New 
York  City. 

George  A.  Kennedy  is  in  Mexico  with  the  W.  C.  Laughlin  Co., 
Miguel  Lopez,  Agent,  at  La  Colorada. 

Rowland  King,  having  been  discharged  from  mihtary  duty,  is  with 
the  C.  M.  Fassett  Co.  at  207  N.  Wall  St.,  Spokane,  Wash. 

Karl  F.  Klein  has  accepted  a  position  with  the  Andes  Copper  Mining 
Co.  with  headquarters  at  Casilla  230,  Antofagasta,  Chile. 

Hugo  £.  Koch  is  with  the  Atlas  Portland  Cement  Co.  at  Hannibal, 
Mo.  having  recently  been  at  the  Watertown  Arsenal  in  the  Enlisted  Ord- 
nance Reserve  Corps,  U.  S.  A. 

WiUiam  J.  Millard  is  with  the  Eastern  Oil  Co.,  201  Texas  Bldg., 
Tulsa,  Okla. 

Homer  L  Merricks  is  now  with  the  Edmimd  T.  Perkins  Engineer- 
ing Co.  as  superintendent  of  construction;  his  address  is  Box  119, 
Pekin,  111. 

Stuart  C.  Lawson  is  instructor  in  mining  engineering  at  the  Univer- 
sity of  Wisconsin. 

Capt.  James  J.  LilUe,  U.  S.  Infantry,  is  expecting  to  be  discharged 
shortly;  on  his  release  he  will  return  to  his  former  position  as  engineer 
with  the  Horn  Silver  Mines  Co.,  Frisco,  Utah. 

Paul  T.  Norton,  Jr.,  was  discharged  from  the  army  on  Jan.  2,  1919, 
and  has  taken  a  position  as  sales  engineer,  Case  Crane  &  Engineering  Co., 
at  Columbus,  Ohio. 

J.  Edgar  Pew  is  now  vice-president  of  the  Sun  Co.  with  headquarters 
in  the  American  Exchange  National  Bank  Bldg.  at  Dallas,  Tex.,  having 
recently  resigned  his  position  with  the  Carter  Oil  Co.  at  Tulsa,  Okla. 

Guy-  M,  Powell,  formerly  with  the  Central  Iron  &  Coal  Co.,  is  em- 
ployed at  the  Corona  Coal  Co  ,  Coal  Valley,  Ala. 

Wallace  E.  Pratt  is  now  chief  geologist  at  the  Humble  Oil  &  Refining 
Co.,  Box  1352,  Fort  Worth,  Tex. 
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Arthur  E,  Remington  is  engineer  on  the  staff  of  the  American  Engi- 
neering &  Operating  Co.,  operating  a  number  of  mines  and  mills  in  Mexico. 

P.  A.  Robbins  is  now  located  at  San  Francisco,  California,  having 
recently  removed  from  Tummins  Ont.,  where  he  was  employed  at  the 
HoUinger  Mine. 

John  C.  Rogers  has  left  the  employ  of  the  Canadian  Copper  Co. 
and  is  now  with  the  International  Nickel  Co.  of  Canada,  Ltd.,  Copper 
Cliff,  Ont.,  Canada. 

Alan  B.  Sanger  has  accepted  the  position  as  engineer  with  the  Winona 
Copper  Co.  at  Winona,  Mich. 

O.  N.  Scott,  of  Toronto,  has  been  in  Vancouver  the  last  ten  months 
as  assistant  to  Major  Austin  C.  Taylor,  Director  of  the  Department  of 
Aeronautical  SuppUes,  Imperial  Munitions  Board.  Mr.  Scott  expects 
to  return  to  Toronto  in  March. 

Fred  Le Verne  Servissisnowsituatedat  Golden,  Colo,  as  manager  of 

the  Keystone  Drafting  Co. 

Henry  B.  Smith  is  with  the  New  Britain  Machine  Co. 

James  W.  Smith  has  resigned  as  general  superintendent  of  the  Gray 
&  Davis  Co.,  Inc.,  of  Cambridge,  Mass. 

M.  G.  Spencer,  formerly  connected  with  the  Midvale  Steel  Co.  and 
later  with  the  Watertown  Arsenal,  in  the  capacity  of  chief  chemist,  has 
joined  the  staff  of  the  Electrical  Steel  Co.  of  Indiana,  Indianapolis, 
Ind.,  in  charge  of  metallurgical  operation. 

C.  O.  Stee  has  been  appointed  superintendent  of  the  Cerro  de  Pasco 
Mines  of  the  Cerro  de  Pasco  Copper  Corp. 

H.  D.  Sultzer  has  received  his  discharge  from  the  service  and  has  re- 
sumed the  duties  of  his  former  position,  assistant  engineer  with  the  Ana- 
conda Copper  Mining  Co.,  at  Butte,  Mont. 

E.  R,  Swanson,  having  been  recently  released  from  the  service,  has 
accepted  a  position  with  the  Duquesne  Steel  Foundry  Co.,  at  Corapolis, 
Pa. 

K.  B.  Thomas  resigned  his  position  as  superintendent  of  the  sulphuric 
acid  department  of  the  Calumet  &  Arizona  Mining  Co.,  to  accept  a 
position  as  general  superintendent  of  the  Standard  Chemical  &  Oil 
Company  of  Troy,  Ala. 

A.  T.  Thomson  is  with  the  Phelps-Dodge  Corp.  in  the  capacity  of 
assistant  to  the  President. 

Capt.  H.  D.  Trounce,  formerly  a  member  of  the  Royal  British 
Engineers,  but  since  July,  1917  with  the  U.  S.  Engineers  has  ^Titten  on 
one  of  the  most  important  and  dangerous  activities  of  the  whole  war — 
that  of  mining  and  sapping.  The  book,  **  Fighting  the  Boche  Under- 
ground,'' describes  this  strange  form  of  warfare  under  the  trenches  and 
No  Man's  Land  with  a  great  clarity  and  vividness.  Capt.  Trounce 
deals  with  this  most  thrilling  subject,  hitherto  untouched  by  war  writers, 
in  a  way  which  is  no  less  informative  because  untechnical. 

F.  W.  Varney  recently  moved  from  Salt  Lake  City,  Utah,  to  Gazelle, 
Cal.,  with  the  Chalco  Copper  Co. 

Robert  Y.  Williams  has  accepted  the  position  of  general  superintend- 
ent of  the  coal  department  of  the  Delaware  &  Hudson  Co.,  at  Scranton, 
Pa. 

Y.  C.  Wong  is  chemist  with  the  American  Smelting  &  Refining  Co. 
at  their  Omaha,  Neb.,  plant. 
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ENGINEERS  AVAILABLE 

(Under  this  heading  wiU  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

No.  544. — Mining  engineer,  39  years  of  age,  graduate  E.  M.  with 
extensive  experience  in  the  United  States,  Canada  and  Spanish-speaking 
countries.  Good  organizer,  energetic  and  resourceful.  Experience 
covers  mining  and  milling  of  gold,  silver,  lead,  copper,  zinc  and  tungsten. 
At  present  a  Captain  of  Engineers,  U.  S.  A.,  expecting  to  be  released 
shortly.  Open  for  engagement  as  manager,  superintendent  or  examining 
engineer.    Correspondence  and  personal  interview  solicited. 

No.  645. — Engineer  and  geologist,  member,  age  29  years,  technical 
graduate  and  married.  Six  years'  practical  experience  as  surveyor, 
chief  engineer  and  in  exploration  work  in  West,  Southwest  and  Mexico. 
Speaks  French  and  Spanish.  Desires  position  with  exploration  company 
or  as  engineer  and  superintendent  of  small  mine.  Will  be  released  from 
commission  in  United  States  Navy  about  February  1. 

No.  546. — For  staff  position  or  manager.  Member,  married,  grad- 
uate mining  and  metallurgical  engineer,  18  years'  experience  in  under- 
ground and  metallurgical  work  on  gold,  silver,  copper,  lead  and  zinc 
ores.  Details,  references,  and  qualifications  will  be  sent  if  requested, 
or  may  be  seen  at  Institute  office.  Available  immediately  in  United 
States  or  Canada.  Would  go  reasonable  distance  for  an  interview  if 
desired. 

No.  547. — Member,  experienced  in  mine  operating,  engineering, 
general  contracting  and  constructing.  Technical  graduate,  mining 
engineer,  married,  age  38  years.  Many  years'  practical  experience 
while  advancing  through  different  positions  to  manager.  Best  of  ref- 
erences and  rating.  Desires  change.  Position  with  future.  Can 
obtain  results.  Salary  commensurate  with  position.  Available  on 
short  notice. 

No.  548. — Mining  engineer,  member,  technical  graduate,  age  31, 
on  military  service  since  August,  1914,  available  after  January  31. 
Best  of  references. 

No.  649. — Mining  or  mechanical  engineer  with  an  extensive  tech- 
nical education  covering  mining,  mechanical  and  metallurgical  engi- 
neering, with  a  supplementary  legal  education  and  about  10  years' 
varied  practical  experience,  who  is  familiar  with  the  design,  construction, 
operation,  and  maintenance  of  power,  mining,  chemical,  metallurgical 
and  cement  plants,  and  who  has  handled  men  in  large  numbers  and 
work  of  considerable  magnitude,  is  open  for  engagement. 

No.  550. — Member,  metallurgical  engineer  and  superintendent, 
desires  position  with  steel  manufacturer  or  responsible  company  dealing 
in  steel  or  its  products.  Technical  graduate,  now  Captain  U.  S.  A. 
but  will  soon  be  released.    Salary  $4500. 

No.  551. — Mine  superintendent,  native  born,  36,  single,  recently 
discharged  from  the  army;  14  years'  experience  as  miner,  mill  shift 
boss,  assayer,  chemist,  surveyor,  plant  and  mill  sampler,  foreman  and 
superintendent  in  metal  work,  open  for  immediate  engagement. 

No.  552. — Graduate  electrical  engineer,  30  years  old,  married, 
wide  experience  of  over  10  years.  Has  made  industrial  layouts,  installing 
and  maintaining  them.    Experienced  in  handling  men.    Desires  position 
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as  electrical  superintendent  or  engineering  manager  with  opportunity 
for  advancement  along  executive  lines.    Salary  $3000. 

No.  553. — Member,  age  33,  married.  Technical  training.  Ei^t 
years'  experience  as  mining  and  contracting  engineer,  reinforced  concrete 
and  timber  construction.  Served  since  1915  as  engineer  officer  with 
BritLsh  and  United  States  armies.  Open  for  engagement  at  once.  Quali- 
fications and  experience  may  be  consulted  at  the  office  of  the  Institute. 

No.  555. — Mining  and  metallurgical  engineer,  recently  discharged  as 
Captain  of  Artillery  after  12  months'  active  service  in  France,  is  open 
for  engagement  as  manager  or  assistant,  efficiency  engineer  or  superin- 
tendent of  gold  and  silver  milling  and  cyanicUng  plants.  Age  30, 
married,  no  children.  Graduate  engineer  with  8  years'  experienoe  in 
the  United  States,  Canada  and  Central  America;  able  to  speak  Spanish 
and  German  and  has  a  working  knowledge  of  French.  Record  is  one  of 
efficiency. 


POSITIONS  VACANT 

No.  373.  Wanted. — Two  mill  and  cyanide  shift  bosses  who  must  be 
technically  trained,  thoroughly  experienced  along  chemical  and  mill- 
operating  lines.  Must  be  energetic  and  of  a  caliber  to  take  entire 
charge  of  mill  in  case  of  emergency  and  able  to  handle  any  technical 
questions  that  may  arise.  Plant  consists  of  400-ton  stamp  mill  and 
cyanide  plant.  Working  knowledge  of  Spanish  desirable  but  not  ab- 
solutely required.  Salary  $150  per  month  together  with  all  other  usual 
terms  of  regular  contract.    Location,  Central  America. 

No.  374.  Wanted.— A  University  in  the  Middle  West  desires,  for 
its  mining  department,  a  professor  proficient  in  the  preparation  of  coal 
and  ores  and  mining  design. 

No.  375.  Wanted. — A  University  in  the  Middle  West  desires  in  its 
mining  department  a  professor  for  a  research  position  which  requires 
not  only  a  library  and  laboratory  research  man,  but  one  who  can  mingle 
with  mine  operators  and  technical  men  and  labor  men  and  represent  the 
university  technically  in  State  work. 

No.  376.  Wanted. — A  number  of  salesmen  to  handle  alloy  machineiy 
and  tool  steels  in  New  England  and  also  in  Middle  West.  Men  for  this 
work  should  have  a  thorough  understanding  of  heat  treatment  so  as 
to  be  in  a  position  to  go  into  a  customer's  plant  and  demonstrate  how 
various  parts  should  be  treated.  A  knowledge  of  mill  practice  is  also 
very  desirable,  although  not  absolutely  necessary. 

No.  377.  Wanted. — Sales  engineer  possessing  working  knowledge 
of  Spanish  and  having  mechanical  engineering  experience,  though  not 
necessarily  a  technical  graduate,  to  represent  concern  manufacturing 
oxy-acetylene  apparatus  for  welding  and  cutting  metals;  knowledge  of  the 
process  desirable.  Location,  Cuba,  Mexico,  and  South  America.  Salary 
depends  upon  man. 

No.  378.  Wanted. — Mining  engineer,  age  about  28  to  30,  to  take 
charge  of  engineering  work  at  mine  in  Mexico  and  also  to  act  as  assistant 
to  mine  superintendent.    Salary  $150  U.  S.  currency. 
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BIOGRAPHICAL  NOTICES 


HARRY  B.  BARREN 


Harry  B.  Barren,  born  in  Cleveland,  Ohio,  May  31,  1888,  died  in 
Indiana  Harbor,  Ind.,  on  Mar.  18,  1918.  After  graduating  from  the 
Case  School  of  Applied  Science  of  Cleveland,  class  of  1910,  he  spent  a 
year  at  the  Youngstown,  Ohio,  plant  of  the  Carnegie  Steel  Co.  and  the 
following  two  years  with  the  National  Tube  Co.  in  Lorraine,  Ohio.  In 
1913,  he  went  to  Indiana  Harbor  as  assistant  superintendent  of  the  blast 
furnaces  of  the  Inland  Steel  Co.  Four  months  later,  he  was  made 
superintendent.  On  Feb.  11,  1914,  he  was  married  to  Miss  Anna  E. 
Jones  in  Cleveland  and  is  survived  by  his  widow  and  two  sons,  and  by 
his  parents  Mr.  and  Mrs.  H.  A.  Barren,  of  Cleveland,  and  a  brother 
Kenneth,  a  lieutenant  in  the  309th  Engineers,  stationed  at  Camp  Taylor, 
Louisville,  Ky. 

CHAS.  H.  JOHNSON 

Charles  Harmany  Johnson  died  Dec.  10,  1918,  at  his  home  in  New 
Castle,  Pa.,  after  an  iUness  of  more  than  four  weeks  brought  about  by  a 
complete  nervous  collapse.  He  was  bom  near  Clinton,  Lawrence  Co. 
Pa.,  July  9,  1870,  a  son  of  George  W.  and  Elizabeth  A.  Johnson.  His 
parents  moved  to  New  Castle  when  he  was  two  years  old,  where  he 
attended  the  public  schools  of  New  Castle.  He  then  attended  Allegheny 
College,  and  later  Massachusetts  Institute  of  Technology  where  he 
graduated  as  a  mining  engineer. 

For  a  year  and  a  half  after  completing  his  work  at  Boston  he  was 
connected  with  the  Mesaba  Ore  Range  in  Minnesota,  and  then  returned 
to  New  Castle  and  became  associated  with  his  father  in  the  operation 
of  the  old  sheet  mill,  which  was  converted  into  a  tin  mill  and  later 
sold  to  the  American  Sheet  and  Tin  Plate  Co.  Since  that  time  he 
has  been  actively  engaged  with  his  father  in  the  limestone  business  and 
other  industries. 

At  the  time  of  his  death  Mr.  Johnson  was  general  manager  of  the 
Pittsburg  Limestone  Co.,  the  G.  W.  Johnson  Limestone  Co.,  the  Lawrence 
Limestone  Co.,  the  Keystone  Limestone  Co.,  and  the  Mahoning  Lime- 
stone Co.,  all  of  which  have  quarries  in  Lawrence,  Butler,  Blair  and  Arm- 
strong counties  and  also  in  Ma^land  and  West  Virginia.  He  was 
president  of  the  Johnson  Bronze  Co.,  the  National  Stone  Co.,  and  the 
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Bessemer  Loam-Sand  Co.,  and  was  vice  president  and  a  director  of  the 
Lawrence  Savings  and  Trust  Co. 

In  1903,  Mr.  Johnson  was  married  to  Miss  Grace  Phillips,  daughter 
of  the  late  Thomas  W.  Phillips.  Besides  his  wife  and  his  father  G.  W. 
Johnson,  he  leaves  five  children,  Charles  H.  Johnson,  Jr.,  Phillips, 
Winifred,  George  W.,  and  Thomas  Phillips  Johnson. 

PAUL  JONES 

Paul  Jones  was  born  in  Wilmington,  Del.,  on  May  11,  1881,  and  was 
educated  in  the  schools  of  that  city.  He  studied  as  a  special  student 
in  mechanical  and  mining  engineering  and,  in  1902,  became  a  draftsman 
for  the  Diamond  Steel  Co.,  of  Wilmington.  Later  he  became  engineer 
of  tests,  and  then  assistant  to  the  superintendent  of  shops  and  steel 
products.  In  1906,  he  entered  the  employ  of  E.  I.  DuPont  de  Nermours 
Co.,  Wilmington,  his  duties  being  in  connection  with  the  construction, 
design,  and  maintenance  of  power  plants  and  power  transmission  systems 
and  costs.  Two  years  later  he  was  employed  by  the  H.  C.  Frick  Co., 
Pittsburgh,  Pa.,  as  assistant  engineer  for  the  design  of  coal  and  coke 
plants,  railroad  trackage,  and  structures,  power  plants,  etc.  For  the 
years  1909  to  1912,  his  services  were  loaned  to  the  G.  S.  Baton  Co., 
as  construction  engineer,  where  his  duties  were  along  the  same  lines. 
When  he  returned  to  the  Frick  Co.,  he  was  made  plant  superintendent 
of  the  Filbert  works,  which  he  completed  developing  and  maintaining 
all  plant  operations.  In  1914,  he  became  associated  with  the  Bosch 
Magneto  Co,  Plainfield,  N.  J.^,  as  works  engineer.  In  the  spring  of  1918, 
he  was  commissioned  a  first  lieutenant  in  the  aviation  section,  Signal  Re- 
serve Corps,  and  assigned  for  active  duty  in  the  finance  department. 
At  the  time  of  his  death,  Dec.  17,  1918,  he  was  connected  with  the  Air 
Nitrates  Corporation  at  the  New  York  OflSces,  having  received  his 
honorable  discharge  from  the  service. 

J.  KING  McLANAHAN 

J.  King  McLanahan,  died  at  his  home  in  Hollidaysburg,  Pa.,  on  Dec. 
13,  1918,  of  diseases  resultant  from  old  age.  Mr.  McLanahan  had  been 
in  failing  health  for  a  year  or  more  but  had  only  been  confined  to  his  bed 
for  the  past  month.  J.  King  McLanahan  was  born  in  Bedford  county  on 
Mar.  25,  1828,  and  until  16  years  of  age,  spent  a  large  part  of  his  time  at 
school.  He  then  became  a  clerk  in  the  office  of  Dr.  Schoenberger,  owner 
of  Sarah  furnace.  His  father  and  grandfather  were  both  iron  men,  so  in 
order  to  thoroughly  qualify  himself  for  this  business  he  entered  the  Bald- 
win Locomotive  works  at  Philadelphia  as  an  apprentice  in  1845.  In 
1848,  he  superintended  the  construction  of  the  engine  used  on  the  inclined 
plane  of  the  Portage  railroad  section  of  the  Pennsylvania  canal. 

In  the  same  year,  in  partnership  with  Michael  Kelly,  he  established 
a  foundry  at  Hollidaysburg,  in  which  he  retained  his  interest  when,  in 
1851,  he  went  to  Cincinnati  to  become  superintendent  of  the  celebrated 
Shock  Steam  Fire  engine  works,  where  t&e  first  steam  fire  engine  in  Ohio 
was  built.  In  1855  he  returned  to  Hollidaysbiu'g  and  became  a  member 
of  the  firm  of  Watson,  White  &  Co.,  and  made  all  the  plans  and  estimates 
for  and  superintended  the  building  of  furnace  No.  1.  He  remained  with 
the  firm  until  its  absorption  by  the  Cambria  Iron  Co. 
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In  the  spring  of  1857,  William  Stone  replaced  Michael  Kelly  as  his 
partner  in  the  foundry  business;  this  association  has  continued  to  the 
present  being  the  present  McLanahan-Stone  Machine  Co.  In  1887  Mr. 
McLanahan  became  interested  in  the  Rodman  furnace  and  Bloomfield 
ore  banks  and  for  years  was  one  of  the  largest  employers  of  labor  in  that 
section.  From  1879  until  1882,  he  was  manager  of  the  Blair  Iron  [Co. 
rolling  mill  and  for  a  protracted  period  was  a  member  of  the  firm  of  Mc- 
Lanahan, Smith  &  Co.,  in  a  rolling-mill  business.  He  was  one  of  the 
founders  and  a  director  of  the  Juniata  Iron  Co.  and  promoted  the  interests 
of  that  concern  in  the  building  of  mills  and  factories.  He  was  especially 
interested  in  the  mining  of  brown  hematite  and  was  the  pioneer  in  design- 
ing machinery  for  the  treatment  of  this  ore.  For  a  number  of  years  past 
he  had  been  identified  with  the  American  Lime  and  Stone  Co.  and  was 
owner  of  Highland  Hall,  one  of  the  most  successful  schools  for  young 
women  in  the  country. 

On  Feb.  21, 1857,  Mr.  McLanahan  was  married  to  Miss  Mary  Martin, 
who  died  Mar.  9,  1903.  He  is  survived  by  two  sons,  M.  Hawley  Mc- 
Lanahan, a  member  of  the  firm  of  Price  &  McLanahan,  architects,  of 
Philadelphia,  and  J.  King  McLanahan  Jr.;  also  by  one  brother,  J.  C.  Mc- 
Lanahan, of  HoUidaysburg,  and  four  grandchildren:  Helen  S.  McLanahan, 
Margaret  and  Elizabeth,  and  Captain  Alexander  McLanahan,  an  aviator 
with  the  American  army  in  France. 

WINFIELD  SCOTT  POTTER 

Winfield  Scott  Potter,  of  Pittsburgh,  Pa.,  died  suddenly  at  the  West 
Penn  hospital,  on  Jan.  3.  He  is  survived  by  his  wife,  Mary  Butler 
Potter  and  two  children,  Mary  Douglass  Potter  and  Winfield  Scott 
Potter,  Jr. 

Mr.  Potter  was  a  graduate  of  the  Brooklyn  Polyiechnic  Institute,  class 
of  ^87,  with  the  degree  of  bachelor  of  science,  and  of  the  Rensselaer  Poly- 
technic Institute,  class  of  '90,  with  degree  of  civil  engineer.  He  was  vice- 
president  and  director  of  the  Manganese  Steel  Rail  Co.  of  New  York  and 
affiliated  with  its  subsidiary,  the  American  Brake  Shoe  &  Foundry  Co. 
of  New  York.  He  spent  a  great  many  years  in  research  work  and  dis- 
covered the  art  of  rolling  high  manganese  steel,  and  later  obtained  patents 
for  rolling  high  manganese  steel  products  in  the  United  States,  Great 
Britain,  Canada,  Austria  and  other  foreign  countries.  The  principal 
products  were  manganese  steel  rails  and  the  manganese  steel  helmets  used 
exclusively  by  the  United  States  during  the  world  war. 

Mr.  Potter  spent  considerable  time  in  the  steel  industry  in  the  Pitts- 
burgh district,  and  was  the  founder  and  president  of  the  Alloy  Steel 
F  >rging  Co.  with  its  extensive  works  at  Carnegie.  He  was  a  member  of 
the  Railroad  Club  of  New  York,  the  American  Iron  and  Steel  Institute,  and 
the  American  Institute  of  Mining  Engineers  of  New  York,  and  of  the 
Duquesne  Club  and  Pittsburgh  Athletic  Association  and  of  the  Shadyside 
Presbyterian  Church,  of  Pittsburgh. 

S.  M.  RODGERS 

S.  M.  Rodgers,'metallurgist  for  the  American  Steel  &  Wire  Co.,  at 
Pittsburgh,  died  on  Sept.  17,  at  his  home  in  that  city.  He  was  born, 
in  1860,  near  Wellsburg,  W.  Va.  After  graduating  at  Bethany  college, 
he  took  post-graduate  work  in  science  at  the  University  of  Michigan 
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and  returned  to  Bethany  as  a  member  of  the  teaching  staff.  Later,  he 
engaged  in  other  work  and,  in  1892,  entered  the  employ  of  the  Hains- 
worth  Steel  Co.,  Pittsburgh,  as  chemist,  remaining  with  that  company 
until  its  consolidation  with  the  American  Steel  &  Wire  Co.  Shortly 
after,  he  was  transferred,  as  chief  chemist,  to  the  Newburgh  Steel  Works, 
Cleveland,  and  then  to  Worcester,  Mass.,  where  he  served  successively 
as  chief  chemist,  superintendent  of  the  open-hearth  department,  and 
superintendent  of  the  North  Works.  From  the  last  position,  he  returned 
to  Pittsburgh  as  metallurgist  for  the  Company.  He  was  a  member  of  the 
American  Iron  and  Steel  Institute,  the  American  Society  for  Testing 
Materials,  the  Society  of  Automotive  Engineers,  and  the  American 
Institute  of  Mining  Engineers.  He  is  survived  by  his  widow,  two  sons, 
and  one  married  daughter.  One  son,  Glenn  P.  Rodgers,  is  first  Ueut^aani 
in  the  aviation  corps  in  active  service  in  France. 

ROBERT  SCHUBERT 

Robert  Schubert,  born  in  Philadelphia,  of  German  parents,  spent 
three  years  in  metallographic  work  with  the  Midvale  Steel,  four  years 
with  the  American  Steel  Wire  Co.  at  Ensley,  Ala.,  and  was  with  the 
Illinois  Steel  Co.,  Bethlehem  Steel  Co.,  and  Carnegie  Steel  Co.  Early  in 
1917,  he  was  placed  in  charge  of  the  chemical  and  physical  testing 
laboratories  of  the  Stavanger  Electric  Steel  Works  at  Stavenger,  Norwav, 
and  installed  for  them  much  modern  testing  apparatus.  While  in  their 
employ,  on  a  visit  to  Christiana,  he  suffered  an  attack  of  influenza  and 
died,  from  pneumonia,  in  a  few  days  in  the  hospital  in  Christiana. 

ERNEST  H.  SIMONDS 

Until  the  time  of  his  death,  Ernest  H.  Simonds  was  active  in  met- 
allurgical operation  and  progress.  He  was  the  senior  member  of  the 
firm  Simonds  &  Latham,  who  were  operating  successfully  upon  refrac- 
tory tailings  products  of  Calaveras  County,  Cal.,  and  elsewhere. 
Throughout  his  life  he  was  a  leader  in  the  appUcation  of  the  orderly 
principles  of  science  to  the  most  difficult  of  economic  and  metallurgical 
problems. 

Mr.  Simonds  was  born  at  Fitchburg,  Mass.,  49  years  ago.  His 
parents,  who  came  to  the  Pacific  Coast  to  make  their  home,  were  of  the 
older  American  stock.  From  their  unswer\ang  example  he  appears  to 
have  derived  the  trustworthiness,  the  force  of  character,  and  the  out- 
spoken and  generous  nature  that  characterized  him  throughout  the 
busy  days  of  his  entire  life.  He  entered  the  University  of  California  as  a 
student  in  mining  in  1889  and  graduated  with  distinction.  After  a 
short  Q^cperience  in  subordinate  capacities  at  engineering  work,  he  was 
appointed  assistant  in  the  College  of  Mining  at  the  University  of  Cah- 
fornia,  becoming  later  instructor  in  metallurgy;  this  position  he  held  for 
four  years. 

In  1898,  Mr.  Simonds  discontinued  his  academic  work.  For  some 
years,  he  conducted  an  assay  and  experimental  laboratory  at  Mont- 
gomery St.,  San  Francisco,  from  which  successful  projects  emanated 
that  defined  his  subsequent  career.  The  laboratory,  for  some  years,  was 
abandoned  for  the  larger  experimental  and  productive  work  that  he 
assumed  elsewhere.  His  headquarters,  however,  he  maintained  at 
San  Francisco  throughout  his  practice.    Mr.  Simonds  never  was  of  a 
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robust  nature.  His  energetic  life  left  him  no  time  to  think  adequately 
of  himself  or  of  repose  and  he  fell  a  victim  to  influenza.  During  his  brief 
illness,  he  was  cared  for  at  the  Fabiola  Hospital  in  Oakland,  Cal.,  where 
he  died  Friday,  Dec.  20. 

Mr.  Simonds  is  survived  by  a  wife  and  two  daughters  who  deeply 
mourn  his  loss  and  who  will  receive  the  profound  sympathy  of  his 
colleagues,  associates,  and  former  students. 

ALLISTER  K.  STEWART 

Allister  K.  Stewart  died  Nov.  22,  1918,  at  St.  Louis,  Mo.,  after  a  two 
months  illness.  Mr.  Stewart  was  a  mining  engineer  and  promoter  for  the 
past  30  years  and  at  the  time  of  his  death,  was  with  the  Missouri  Metals 
Corpn.  and  the  Neuburg  Holding  and  Development  Co.  He  spent  12 
years  in  Mexico,  in  charge  of  the  properties  that  were  located  in  Oaxaca 
and  Sonora.  He  resigned  to  take  charge  of  the  management  of  iron-ore 
deposits  in  Oaxaca  that  he  had  located  and  had  prospected  thoroughly 
for  more  than  30  mi.  These  form  the  largest  known  deposits  of  high- 
grade  iron  ore  in  the  world. 

Mr.  Stewart  reported  on  iron  mines  in  Wisconsin,  also  mines  in  Ten- 
nessee, Arkansas,  Northern  Canada,  Colorado,  Missouri,  and  California. 
He  had  a  comprehensive  knowledge  of  structural  and  economic  geology, 
the  genesis  of  ores,  and  the  locations  and  occurrences  favorable  for  their 
disposition;  of  mining  districts,  mines,  and  mining  methods;  etc.  He 
was  a  proUfic  writer,  his  articles  being  sought  by  the  leading  scientific 
and  mining  journals.  He  is  survived  by  a  widow  and  one  son  A.  K. 
Stewart,  Jr. 

CHARLES  RICHARD  VAN  HISE 

The  sudden  and  untimely  death  of  Dr.  Charles  R.  Van  Hise,  late 
president  of  the  University  of  Wisconsin,  was  one  of  the  greatest  losses, 
not  only  to  the  edu'cational  world  and  science  of  geology,  for  which  he 
was  a  great  leader  and  pathfinder,  but  also  to  the  world  of  mining  and 
allied  interests,  for  which  he  was  an  adviser  and  helper  who  blazed  trails 
and  pointed  out  paths  of  development,  which  the  practical  men  of  engi- 
neering and  industry  will  follow  long  after  his  death. 

To  the  general  public,  Dr.  Van  Hise  stood  as  a  great  educator  who 
conceived  and  wrought  out  a  new  idea  in  the  people^s  university  of  a 
commonwealth  and  as  a  great  active  mind  that  could  not  be  held  within 
the  bounds  of  education  and  science  but,  by  its  own  bigness  and  broad- 
ness, was  forced  into  the  contemplation  of  the  larger  affairs  of  the  nation. 
To  the  engineering  profession,  Dr.  Van  Hise  will  be  remembered  as  a 
tireless  worker  who  solved  some  of  the  most  complex  problems  in  geology 
and  the  development  of  mineral  resources  and  recorded  these  findings  in  a 
form  that  is  of  lasting  value  to  those  who  follow  him  in  similar  labor. 
In.  this  combination  of  thinker  and  worker,  educator  and  economic 
student,  scientist  and  practical  engineer,  lies  Dr.  Van  Hise's  contribution 
to  his  generation. 

As  an  educator.  Dr.  Van  Hise  attained  perhaps  his  widest  recognition, 
for  in  the  University  of  which  he  was  president  he  evolved  and  accom- 
plished a  new  idea,  which  caused  it  to  be  called,  in  1908,  by  President 
Eliot  of  Harvard,  "the  leading  State  University."  At  the  time  of  his 
sudden  death,  Nov.  19,  he  was  just  completing  fourteen  years  as  president 
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and  forty-three  years  as  student  and  teacher  in  the  University.  His 
entire  life  of  61  years  had  been  devoted  to  his  State  and  its  University. 
He  was  the  first  alumnus  of  the  University  and  the  first  Wisconsin-bora 
citizen  to  become  its  president — and  he  enjoyed  the  longest  term  as 
president  of  the  institution.  Since  his  graduation  from  its  College  of 
Engineering  in  1879,  he  had  been  constantly  a  member  of  it«  faculty. 
As  Chief  Justice  John  B.  Winslow,  of  the  Wisconsin  Supreme  Court  said 
at  the  time  of  President  Van  Hise's  death,  "  Wisconsin  has  had  many 
able  sons,  men  who  have  [served  their  Country  and  their  State  with  dis- 
tinguished honor  in  various  fields  of  effort,  but  among  them  all  none,  I 
believe,  has  rendered  greater  service  in  his  time  than  President  Van  Hise. 
The  University  will  be  his  true  monument,  for  to  him,  more  than  to  any 
one  person,  we  owe  the  present  commanding  position  of  that  great 
institution." 

What  his ''  new  ideal  of  a  State  University"  was  may  be  best  expressed 
in  the  words  which  he  used  to  outline  it  in  his  inaugural  address  in  1904. 
''I  shall  never  be  content  until  the  beneficent  influence  of  the  Universit)' 
of  Wisconsin  reaches  every  family  of  the  State.  This  is  my  ideal  of  a 
State  University.  When  the  University  of  Wisconsin  attains  this  ideal, 
it  will  be  the  first  perfect  State  University.  .  .  .  The  University  of 
Wisconsin  desires  to  prevent  that  greatest  of  all  economic  losses  to  the 
State,  the  loss  of  talent.  To  prevent  this  loss  of  talent,  the  University 
must  not  only  provide  for  those  who  come  to  Madison  for  instruction, 
but  must  go  out  to  the  people  of  the  State  with  the  knowledge  which  they 
desire  and  need."  Hence  it  was  said  early  in  his  administration  that  "the 
boundaries  of  the  State  are  the  campus  fence." 

To  engineers  and  scientists  among  his  colleagues  and  associates,  it  has 
always  seemed  that  his  achievements  in  all  lines — education,  geology, 
public  thinking — have  shown  the  influence  of  his  engineering  training  and 
point  of  view.  He  was  educated  as  an  engineer,  his  first  degree  was  in 
engineering,  his  first  teaching  work  was  in  metallurgj;,  and  it  was  not  until 
later  that  he  turned  to  mineralogy  and  geology.  Throughout  his  life's 
work  he  kept  the  engineer's  point  of  view,  as  could  be  readily  seen  in  his 
conduct  of  the  University,  his  geological  researches,  his  writing  on  public 
questions,  and  his  attack  on  concrete  problems.  His  continued  and 
constant  interest  in  engineering  matters  was  evidenced  strikingly  by  his 
appointment,  in  1915,  as  chairman  of  the  committee  of  the  National 
Academy  of  Science  to  investigate  causes  and  suggest  remedies  for  the 
great  slides  of  the  Panama  Canal. 

His  first  college  teaching  was  as  instructor  in  metallurgj',  a  work  which 
he  carried  on  from  1879  to  1883.  About  that  time  his  interest  grew  over 
toward  the  field  of  geology  and,  in  1888,  he  was  holding  the  chair  of 
professor  of  mineralogy.  Two  years  later,  he  was  professor  of  archean 
and  applied  geology;  and  in  1892,  he  was  also  lecturing  as  non-resident 
professor  of  structural  geology  at  the  University  of  Chicago  while  con- 
tinuing to  occupy  the  chair  of  geology  at  Wisconsin.  This  change  oi 
interest  from  engineering  to  geological  and  mining  problems  grew  out  of 
his  close  association  with  Professor  R.  D.  Irving,  who  was  then  chairman 
of  the  Department  of  Geology  and  was  carrying  on  investigations  for  the 
United  States  Geological  Survey  in  the  Lake  Superior  region.  His 
association  with  Dr.  Irving  led  him  into  the  investigation  of  this  region, 
and,  at  Professor  Irving's  untimel}'-  death  at  the  age  of  39,  Dr.  Van  Hise 
took  up  his  work  and  carried  it  on  toward  completion. 
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In  the  solving  of  the  problems  of  the  Lake  Superior  region,  Dr.  Van 
Hise  showed  at  its  best  his  remarkable  mental  grasp  and  his  tireless 
energy.     The  Lake  Superior  region  is  one  of  great  complexity  from  the 
geological  standpoint.    Being  a  region  of  great  economic  importance, 
because  of  its  ores  of  iron  and  copper,  it  was  important  that  the  geology 
be  thoroughly  mapped  and  studied.     The  problems  and  conditions  met 
by  Dr.  Van  Hise  in  this  work  were  largely  new  ones  and,  with  his  tireless 
love  of  hard  work,  his  boundless  fund  of  physical  energy,  and  his  wonder- 
ful resourcefulness  and  vision,  he  met  and  solved  these  diflScult  problems 
to  the  great  benefit  of  the  mining  industry,  and  with  the  spirit  of  the  true 
student  of  science  put  together  the  results  of  his  studies  to  the  lasting 
benefit  of  the  science  of  geology.     The  Lake  Superior  rocks  as  a  whole  are 
very  ancient  and  have  been  contorted  and  deformed  and  altered  to  such 
an  extent  as  to  present  many  difficult  problems.     In  working  out  the 
comphcated  structure  of  the  region,  Dr.  Van  Hise  had  to  blaze  new 
trails  and  develop  new  principles  for  the  deciphering  of  complicated 
structures.     This  work  has  made  him  a  leader  in  the  field  of  structural 
and  dyiiamic  geology.    Similarly,  the  great  variety  of  the  rock  alteration 
that  he  found  in  this  interesting  region  led  to  the  development  of  funda- 
mental principles,  which  he  has  summarized  in  one  of  his  most  important 
publications,    '*A  Treatise  on  Metamorphism, "   which  is  recognized 
as  the  classical  work  on  that  subject.     The  interest  in  pre-Cambrian 
geology  that  grew  out  of  his  work  in  the  Lake  Superior  region  led  to 
studies  of  other  areas  of  pre-Cambrian  geology  and  for  many  years 
Dr.  Van  Hise  was  in  charge  of  the  division  of  pre-Cambrian  geology 
for  the  United  States  Geological  Survey. 

Dr.  Van  Hise  was  one  of  the  small  group  instrumental  in  the  creation 
of  the  Geological  and  Natural  History  Survey  of  Wisconsin  and  was 
closely  identSed  with  the  Survey  until  his  death.  From  1903  until 
1918,  he  was  president  of  its  board  of  commissioners  and  interested 
himself  in  all  phases  of  geological  work  in  the  State;  not  only  that  leading 
to  the  development  of  mineral  resources,  but  just  as  keenly  in  the  study 
of  the  way  in  which  the  surface  of  the  State  has  been  carved  out  through 
the  ages.  It  was  on  his  suggestion  that  the  State  Geological  Survey 
started  the  present  state  highway  work  and  carried  it  on  until  the  State 
Highway  Commission  was  created. 

In  his  later  years,  his  interest  in  mineral  resources  became  more 
broadly  philosophical  as  his  widening  experience  taught  him  the  tre- 
mendous part  played  by  these  resources  in  the  development  of  civiUza- 
tion.  He  saw  keenly  the  limited  nature  of  many  of  these  resources  and 
that  the  welfare  of  future  generations  was  dependent  on  their  possession. 
This  led  him  to  bend  his  full  energies  to  the  propaganda  for  wise  use 
and  curtailment  of  waste  by  the  present  generation— to  the  development 
of  conservation  in  state  and  nation.  Out  of  this  interest  grew  many 
other  public  services  relating  to  government  problems,  so  that  at  his 
death  the  nation  found  him  writing,  not  on  scientific  problems  or  upon 
conservation,  but  upon  regulation,  the  trust  problems,  and  other  great 
economic  questions. 

At  the  moment  of  his  death,  the  problems  of  the  war  were  his  greatest 
interest.  He  had  devoted  all  the  time  that  he  could  spare  for  the  better 
part  of  a  year  to  the  work  of  the  food  administration  and  other  war 
boards  and  had  just  completed  a  volume  on  conservation  and  regulation 
during  the  war.    A  week  before  his  death  he  had  returned  from  a  trip 
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to  England  and  to  the  battle  fronts  in  France  and  Belgium  and  brought 
back  with  him  enthusiastic  plans  for  comprehensive  after-war  work, 
both  through  the  University  and  through  energetic  advocacy  of  the  plan 
of  a  League  of  Free  Nations  to  prevent  future  wars.  Among  his  associates 
it  is  well-known  that  he  realised  the  danger  of  German  aggression  long 
before  it  was  realized  by  the  public  of  his  section  of  the  country  and  was 
eager  to  see  the  overthrow  of  the  German  military  autocracy.  When 
America  entered  the  war,  he  was  full  of  enthusiasm  over  what  he  con- 
sidered the  great,  and  almost  holy,  enterprise  that  the  nation  had  under- 
taken. And  under  his  guidance  the  University  threw  all  of  its  energies 
and  endeavors  into  a  wide  range  of  war  activities. 

But,  now  that  he  is  gone,  the  memory  that  remains  with  his  colleagues 
is  not  alone  the  recollection  of  his  works,  but  a  simple  and  affectionate 
memory  for  the  man  himself — an  intimate  personal  regard,  shared  by  all 
who  knew  him — students,  academic  colleagues,  field  associates— such 
as  is  left  by  few  public  men.  The  loss  to  Us  friends  was  not  so  much 
a  public  loss  as  a  personal  loss  to  every  one  who  has  ever  known  or  worked 
with  President  Van  Hise.  The  tributes  written  by  his  colleagues  and  the 
great  men  of  his  State  were  not  alone  eulogies  of  his  great  works  but 
expressions  of  personal  sorrow.  Among  his  former  students,  many  of 
whom  are  now  leading  geological  or  mining  men,  the  inspirational  quality 
of  his  teaching  developed  a  personal  affection  that  has  bound  them  to 
him  since  they  left  the  college  halls. 


NEW  ENTRANCE  TESTS  FOR  COLUMBIA  UNIVERSITT 

The  Faculty  of  Colimibia  College,  the  undergraduate  department 
of  dolumbia  University,  on  Jan  20,  voted  to  abolidi  the  old-style  en- 
amination  for  admission  and  substitute  psychology  tests  to  measure  the 
student's  intelligence,  rather  than  his  learning.  The  tests  will  be  similar 
to  those  applied  to  applicants  for  the  Studefits'  Army  Training  Corps 
and  will  be  used  for  the  academic  year  beginning  next  September. 

In  the  requirements  for  admission  to  Columbia  College  are  included 
the  applicant's  health  record,  his  character  and  promise  of  development, 
and  his  school  record.  The  most  radical  departure  is  the  entire  doing 
away  with  the  old-style  examinations  that  were  given  to  establish  the 
appUcant's  knowledge  of  the  subjects  required  for  admission  to  college. 
This  will  be  covered  by  his  school  record,  and  the  psydiological  tests 
will  demonstrate  whether  he  is  qualified  to  continue  his  schooling. 
The  tests  will  be  changed  each  year. 


CALIFORNU  MINERAL  PRODUCTION  IN  1918 

The  statistical  [division  of  [the  State  Mining  Biu'eau  estimates  the 
mineral  production  of  California  for  the  ^ear  1918,  just  closed,  at  a  total 
of  approximately  $191,100,000.  The  mcreased  value  over  the  1917 
total  of  $161,202,962  is  due  mainly  to  the  very  greatly  enhanced  prices 
of  all  grades  of  crude  oil,  coupled  with  an  increase  of  approximately 
5,000,000  barrels  in  quantity.  Reports  indicate  a  decrease  of  near^ 
$3,000j000  in  gold  output,  and  considerable  decreases  also  for  lead  and 
zinc.  Copper,  apparently,  increased  slightly  in  quantity  but  decreased 
in  value.  Quicksilver  dropped  off  about  2000  flasks  in  quantity,  but 
with  a  higiher  price  per  flask,  so  that  the  total  value  of  $2,310,000  showed 
a  relatively  smaller  loss. 
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LIBRART 

Amsbican  Society  of  CSivil  Engineers 
American  Institute  of  Electrical  Engineers 
American  Society  of  Mechanical  Engineers 
American  Institxtte  of  Mining  Engineers 
United  Engineering  SociteTY 

Harrison  W.  Graver,  Director 

The  Library  of  the  above-named  Societies  is  open  from  9  a.  m.  to  10 
p.  M.  except  on  holida3r8.  It  contains  about  70,000  volumes  and  90,000 
pamphlets,  including  sets  of  technical  periodicals  and  publications  of 
scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend 
a  portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library,  through  its  Library  Service  Bureau,  can  render 
valuable  service  through  correspondence;  letters  requesting  information 
will  receive  especial  attention.  The  Library  is  prepared  to  furnish 
references  and  photographic  copies  of  articles  on  mining  and  metallur- 
gical subjects;  to  determme  the  existence  of  mining  maps,  and  to  furnish 
general  information  on  the  geology  and  mineral  resources  of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
ioformation  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

Library  Accessions 

American  Chamber  of  Commerce  in  China.  Yearbook,  1918.  (Gift  of  American 
Chamber  of  Commerce  in  China.) 

Americanization  in  Delaware.  A  state  policy  initiated  by  Delaware  State  Council 
of  Defense.     (Gift  of  Council.) 

American  LraRART  Annual.     1917-18.     New  York,  1918. 

Ameekican  Library  Instttutb.  Papers  and  ProceedingSi  1917.  Chicago,  1918. 
(Gift  of  American  library  Institute.) 

American  Society  op  Mechanical  Engineers.  Transactions,  Vol.  39.  1917. 
(Gift  of  Society.) 

American  Society  for  Testing  Materials.  Proceedings  of  Annual  Meeting.  21, 
1918.     Vol.  18,  Pt.  1-2. 

Cancellation  of  Government  War  Contracts.  By  William  B.  King.  1918. 
(Gift  of  author.) 

Carneoie  Endowment  for  International  Peace.  Preliminary  Economic  Studies 
of  the  War.  No.  6.  Effects  of  the  War  upon  Insurance  with  Special  Reference 
to  the  Substitution  of  Insurance  for  Pensions.  By  WMlliam  F.  Gephart.  New 
York,  1918.  No.  7.  The  Financial  History  of  Great  Britain,  1914-1918.  By 
Frank  L.  McVey.  New  York,  1916.  (Gift  of  Carnegie  Endowment  for  Inter- 
national Peace.) 

Cochranb  Engineering  Bulletin.  No.  20.  The  Scientific  Treatment  of  Boiler 
Feed  Water.     1917.     (Gift  of  Harrison  Safety  Boiler  Works.) 

Combikazioni  Chimiche  fra  Metalli.  By  Michele  Giua  and  Clara  Giua-Lollini. 
Milano,  1917. 
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Die  Geistigen  Mittel  deb  Technischen  Fortschrittes  in  den  Veheiniqten 

Staatbn  von  Am  ERIK  a.     Bericht  iiber  eine  im  Auftrage  des  Vereines  deutscher 

Ingenieurc  im  Herbst  1912  durchgefuhrte  Studienreise.     Von  Conrad  Matschoss. 

Berlin,  1913.     (Gift  of  American  Society  of  Mechanical  Engineers.) 
Diesel  Engine  Design.     By  £.  Mortimer  Hose.     Manchester,  Eng.    1917. 
Dynamic  Heating  op  Air  as  a  Cause  of  Hot  Volcanic  Blasts.    By  G.  N.  Cole. 

Reprint  from  Monthly  Weather  Review,  Oct.,  1918.     (Gift  of  author.) 
Engineer's  Report  on  thb  Blue  River  Placer  Mines,  Summit  Connr,  Colo- 
rado.    Breckenridge  and  Denver,  Mar.  18,  1912.    By  Thomas  Albert  Brown. 

(Gift  of  author.) 
Engineering  Facts  and  Figures  for  1863.     An  Annual  Register  of  Progress  in 

Mechanical  Engineering  and  Construction.     Edited  by  Andrew  Betts  Brown. 

London,  1864. 
Fifteen  Sermons  Preached  on  Various  Important  Subjects.     By  George  White- 
field.     Glasgow,  1792. 
Fuel  Facts.     2d  Ed.     Information  for  Consumers  and  Savers  of  Fuel.    Published 

by  U.  S.  Fuel  Administration.     Washington,  December,  1918.     (Gift  of  U.  S. 

Fuel  Administration.) 
Great  Britain.     Mines  and  Quarries.    General  Report  with  Statistics,  for  1917.  by 

the  Chief  Inspector  of  Mines.     Parts  1-3.    London,  1918.     (Gift  of  Under  Sefr 

retary  of  State,  Great  Britain.) 
International  Engineering  Congress.     1915.     Transactions.     Metallurgy.   San 

Francisco,  1916.     (Gift  of  American  Institute  of  Mining  Engineers.) 
Journal  of  the  American  Society  of  Mechanical  Engineers.     Vol.  40,  191S. 

(Gift  of  Society.) 
Legislacion  db  Minas  de  Chile.     C6digo,  Leyes,  Re^lamentos  y  Dispositnones 

Vigentes.     Preparada  por  Fabio  Castro  Uarin.     Santiago  de  Chile,  1918.    (Gift 

of  author.) 
Metallurgia   Generale   e   Siderurgia.     Capisaldi  e  Riassunti.     By  Umberto 

Savoia.     Milano,  1919.     (Gift  of  En|(ineering  and  Mining  Journal.) 
Nevada.     State  Inspector  of  Mines.     Biennial  Report.     1917-1918.     Carson  City, 

1919.     (Gift  of  Nevada  State  Inspector  of  Mines.) 
New  Zealand.     Dominion  Laboratory.     Annual  Report.     51st,   1918.    By  J.  S. 

Maclaurin,   Dominion  Analyst  and  Chief  Inspector  of  Explosives.    (Gift  of 

Dominion  Laboratory,  New  Zealand.) 
Notes  Provencales.    Revue  Trimestrielle  des  Travaux  du  Dr.  Adrien  Gudbhard. 

Nos.  1-5.    Aug.,  1917-Aug.,  1918.    Paris.     fGift  of  Dr.  Adrien  Gu^bhard.) 
Oil  Fields  of  Texas.     By  F.  Julius  Fobs.     (Chart.)     (Gift  of  American  Institute 

of  Mining  Engineers.) 
Oil  Sand  Horizons  of  Texas.     By  F.  Julius  Fobs.     (Chart.)     (Gift  of  American 

Institute  of  Mining  Engineers.) 
On  the  Motion  of  Points  Constrained  and  Resisted  and  on  the  Motion  of  a 

Rigid  Body.     The  Second  Part  of  a  new  Edition  of  a  Treatise  on  Dj-namics. 

By  William  Whewell.     Cambridge,  1834. 
Pennsylvania,     Bureau  of  Standards.     Annual  Report.     8th,  1918. 
Pennsylvania.     Dept.  of  Labor  and  Industry.     Annual  Report  of  the  CommissioDer 

of  Labor  and  Industry.     3d,  1916.     Part  1. 
Pennsylvania.     Workmen's  Compensation  Board.     Decisions  for  1917. 
Sherwin's  Mathematical  Tables.     3d  Ed.,  carefully  revised  and  corrected  by  Wil- 
liam Gardiner.     London,  1742.     (Gift  of  W.  Brokaw  Bamford.) 
Some  Postal  Economies.     By  Charles  Johnson  Post  and  Jesse  H.  Neal.    Nev  YoAr 

1918.     (Gift  of  Publishers'  Advisory  Board.) 
South  Dakota  School  op  Mines.     Bulletin  No.  12.     The  Occurrence,  Chenustrr, 

Metallurgv  and  Uses  of  Tungsten  with  special  reference  to  the  Black  HiJls  of 

South  Dakota.     By  J.  J.  Runner  and  M.  L.  Hartmann.     Including  a  Bibliog- 
raphy of  Tungsten  by  M.  L.  Hartmann.     1918.     (Gift  of  South  Dakota  School 

of  Mines.) 
Technical  Handbook  of  Oils,  Fats  and  Waxes.     By  Percival  J.  Fryer  and  Frank 

E.  Weston.     Vol.  2.     Practical  and  Analytical.     Cambridge,  Eng.,  1918. 
The  Ironmonger  Diary,  1919.    London,  1918.     (Gift  of  the  Ironmonger.) 
The  Protection  of  Metals  from  Oxidation  at  High  Temperatures.    By  ^-  E 

Ruder.     Vol.  1.     1918.     (Gift  of  Diamond  Power  Specialty  Co.) 
The  Science  of  Burning  Liquid  Fuel.     A  Practical  Book  for  Practical  Men.    By 

William  Newton  Best.     1913.     (Gift  of  author.) 
Treatise  on  Mechanics.     By  Captain  Henry  Kater  and  Rev.  Dionysius  Lardner. 

London,  1830.     (Gift  of  Reginald  Pelham  Bolton.) 
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University  de  Li^oe.  Overture  Solennelle  des  Cours  le  21  Octobre  1902.  Discours 
de  M.  le  Recteur  V.  Dwelshauvere-Dery  sur  La  Machine  a  Vapeur  Modeme. 
Li^e,  1902.     (Gift  of  American  Society  of  Mechanical  Engineers.) 

Book  Notices 

Unless  otherwise  specified,  books  in  this  list  have  been  presented  by  the  publishers. 
The  Institute  does  not  assume  responsibility  for  any  statements  made;  these  are 
taken  from  the  preface  or  the  text  or  the  booK,  unless  otherwise  noted. 

American  Methods  in  Foreign  Trade.  A  Guide  to  Export  Selling  Policy.  •  By 
Geoi^e  C.  Vedder.  1st  edition.  N.  Y.,  McGraw-Hill  Book  CJo.,  Inc.;  Lond., 
Hill  Publishing  Co.,  Ltd.,  1919.     204  pp.,  8  X  6  in.,  cloth,  |2.      ' 

The  author  believes  in  the  soundness  of  the  distinctively  American  methods  of 
developing  an  export  trade  that  hlive  hitherto  been  adopted  by  our  most  efificient 
world  traders.  He  attempts  to  explain  how  these  firms  nave  achieved  success  and 
to  outline  the  proper  policy  for  those  interested  in  entering  foreign  markets. 

The  Fundamental  Equations  ct  Dynamicr.  and  its  Main  Coordinate  Systems 
Vectorially  Treated  and  Illustrated  from  Rigid  Dynamics.  By  Frederick 
Slate,  Berkeley  University  of  California  Press,  1918.    233  pp.,  8X6  in.,  cloth,  $2. 

The  author  feels  that  the  extensiveness  of  the  field  of  dynamics  has  necessitated 
such  compression  in  the  general  surveys  of  its  principles  that  the  usual  treatment  leans 
too  heavily  on  mathematics.  His  desire  has  been  ifi  prepare  a  supplement  that  will 
direct  attention  to  the  physical  aspects  and  to  experimental  reasoning  by  offering 
a  flexible  continuation  of  an  elementary  stage  with  unsettled  achievement.  The  book 
forms  Part  II  of  "Principles  of  Mechanics.''     (Part  I,  Macmillan  Co.,  1900.) 

A  Handbook  of  Physics  Measurements.  Vol.  I.  Fundamental  Measurements, 
Properties  of  Matter,  and  Optics.  Vol.  II.  Vibratory  Motion,  Sound,  Heat, 
Electricity  and  Magnetism.  By  Ervin  S.  Ferry,  in  collaboration  with  O.  W. 
Silvey,  G.  W.  Sherman,  Jr.,  and  D.  C.  Duncan.  1st  edition.  N.  Y.,  John  Wiley 
&  Sons,  Inc. ;  Lond.,  Chapman  and  Hall,  Ltd.,  1918,  251  +  233  pp.,  illus.,  tab., 
8  X  5  in.,  cloth,  |2  a  volume. 

The  aim  is  to  furnish  a  self-contained  manual  of  the  theory  and  manipulation  of 
those  measurements  in  physics  that  bear  most  directly  upon  work  in  other  depart- 
ments of  study  and  upon  a  future  professional  career.  The  experiments  have  been 
selected  with  regard  to  the  particular  determinations  now  demanded  by  science  and 
industry  and  so  grouped  as  to  segregate  those  of  value  for  students  of  the  various 
branches  of  engineering. 

Practical  Oil  Geology.     The  Application  of  Geology  to  Oil  Field  Problems.     By 

Dorsey  Hager.     3d  edition.     N.  Y.,  McGraw-Hill  Book  Co.,  Inc.;  Lond.,  Hill 

Pub.  Co.,  Ltd.,  1919.     253  pp.,  126  illus.,  37  tab.,  7X5  in.,  flexible  cloth,  $2.50. 

The  author  has  aimed  to  provide  a  clear,  concise,  practical  work  on  the  occurrence 

of  oil  and  its  geology,  based  on  American  practice.     The  present  edition,  the  third  in 

four  years,  has  been  thoroughly  l-evised,  enlarged,  and  reset. 

Steam  Engines.  Prepared  in  the  Extension  Division  of  the  University  of  Wisconsin 
by  E.  M.  Shealy.  (Engineering  Education  Series.)  1st  edition.  N.  Y.,  Mc- 
Graw-Hill Book  Co..  Inc.;  Lond.,  Hill  Publishing  Co.,  Ltd.,  1919.  290  pp.,  173 
illus.,  9  X  6  in.,  cloth,  $2.50. 

This  is  the  third  of  a  series  of  three  text-books  of  steam  engineering,  prepared  for 
correspondence  students  in  the  University  of  Wisconsin  Extension  Division.  The 
aim  in  this  volume  is  to  teach  the  fundamental  principles  underl3ring  the  operation  of 
the  steam  engine^  in  as  simple  and  non-mathematical  a  manner  as  possible.  Particu- 
lar attention  is  given  to  valve  gears. 

The  Theory  op  Electricity.  By  G.  H.  Livens.  Cambridge,  Eng.  The  University 
Press,  1918.     717  pp.,  11  X  7  in.,  cloth,  $8.25.     (Gift  of  G.  P.  Putnam's  Sons.) 

Dissatisfaction  with  the  treatment  of  this  subject  in  standard  text-books  leads  the 
author  to  offer  this  work  as  a  general  text-book  on  the  mathematical  aspects  of  modem 
electrical  theory  in  which  an  attempt  is  made  to  present  the  complete  subject  in  a 
consistent  form. 

Although  his  exposition  is  essentially  a  mathematical  one,  much  of  the  purely 
analytical  mathematics  usually  associated  with  the  subject  has  been  omitted.  How- 
ever, particular  attention  has  been  eiven  to  the  rigorous  formulation  of  underlying 
physical  principles  and  to  their  translation  into  a  mathematical  theory.  The  dynam- 
ical aspects  of  the  subject  have  been  specially  emphasized  throughout. 
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MEMBERSHIP 

New  Members 

The  following  list  comprises  the  names  of  those  persons  who  became 

members  during  the  period  Jan.  10,  1919,  to  Feb.  10,  1919. 

« 

Adams,  Fbancis  Speabman,  Supt.,  Power  Dept.,  Anaconda  Ck)pper  Min.  Co.; 

Anaconda,  Mont. 

Alderson,  G.  E.,  Min.  &  Met.  Engr 1317  Sloane  Ave.,  Lakewood,  Ohio. 

Benjovbkt,  T.  D.,  Min.  Engr.,  Cons.  &  Constr 2045  Vine  St.,  Denver,  Colo. 

Brophy,  Oscar,   Met 1623  S.  Broad  St.,  PhUaddphia,  Pa. 

BuTTRAM,  Frank,  Chief  Geol.,  Fortuna  Oil  Co.,  424  Liberty  National  Bank  Bldx.. 

Oklahoma  City,  Okla. 
Cochran,  R.  B.,  Mine  Supt.,  The  Teziutlan  Copper  Co.,  Aire  Libre.  Puebla,  Mexico. 
CoNNAR,  T.  C,  Civ.  &  Min.  Engr.  &  Geol.;  Chief  Engr.,  Zanesville  Coal  Co., 

Zanesville,  Ohio. 

Datte,  E.  O Capt.,  Co.  A,  212th  Engineers,  Camp  Devens,  Mtss. 

Foley,  Charles  B.,  Electro-Met.,  Martin  Rockwell  Corpn.,  347  Madison  Ave., 

New  York,  N.  Y. 
HosFORD,  William  F.,  Asst.  Tech.  Supt.,  Western  Electric  Co.,  Inc., 

Hawthorne  Station,  Chicago,  HL 
HosTER,  M.  T.,  Supt.,  French  Creek  Mines,  E.  &  G.  Brooke  Iron  Co., 

St.  Peters,  Pa. 
Kawasaki,  Shigetaro,  Chief  Geol.,  Geological  Survey  of  Chosen, 

Government  General  of  Chosen,  Keijo,  Korea. 
MacCulloch,  John  Alexander,  Gen'l  Supt.,  Vinegar  Hill  Zinc  Co., 

Platteville,  W)8. 
McKay,  H.  S.,  Supt.,  Democrata  Mine,  Cananea  Sonora  Copper  Co., 

Cananea,  Sonora,  Mexico. 
McKiNNEY,  Paul  E.,  Chem.  &  Met.,  U.  S.  Naval  Gun  Factory,  Washington,  D.  C. 
Mace,  Clement  H.,  Mgr.,  Technical  Dept.,  Business  Men's  Clearing  House, 

206  Chamber  of  Commerce,  Denver,  Colo. 
Plank,  William  B.,  District  Min.  Engr.,  U.  S.  Bureau  of  Mines,  West  End, 

Birmingham,  Ala. 
Richards,  Ralph  W.,  Pet.  Geol.,  Petroleum  Exploration  Co.,  Inc., 

1830  16th  St.,  N.  W.^  Washington,  D.  C. 
Silverman,  Alexander,  Active  Head,  School  of  Chemistry,  Umv.  of  Pittsbunh, 

Pittsburgh,  P&. 
Snyder,  Herman  L.,  Plant  Foreman,  New  Cornelia  Copper  Co.,  Box  273, 

Ajo,  Pima  Co.,  Arii. 
Weibsbach,  Walter  W.,  Shift  Boss,  Arizona  Binghamton  Copper  Co., 

•  Stoddard,  Am. 

Westgate,  Lewis  G Prof,  of  Geol.,  Ohio  Wesleyan  Univ.,  Delaware,  Ohio. 

Williams,  J.  Ward,  Mine  Supt.,  Cia  Minerales  y  Metales,  S.  A., 

Ojuela,  Durango,  Mexico. 

Associalea 

Atkinson,   H.   E Atkinson   Co.,   575  Lyell  Ave.,   Rochester,  X.  Y. 

Bartholomew,  J.  N Supt.,  Sayre  Stamping  Co.,  Lockhart  Bldg.,  Sayre,  Pa, 

Boon,  E.  E.,  Act.  Mgr.,  Min.  Section,  Industrial  Sales  Dept., 

Westinghouse  Electric  &  Mfg.  Co.,  E.  Pittsburgh,  Pa. 
Crum,  Harry  Edwin,  Oil  Geol.,  Central  Oil  Syndicate, 

First  National  Bank  Bldg.,  Denver,  Colo. 
CuRRAN,  M.  D.,  Supt.,  By-Product  Coke  Plant,  The  Toledo  Furnace  Co., 

Toledo,  Ohio, 

Half  acre,  George  F.,  Investigator,  Spelter  Dept.,  New  Jersey  Zinc  Co.  (of  Pa.), 

Palmertott,  P». 
Harvey,  Harry  D.,  Pres.  &  Treas.  The  Monarch  Engrg.  &  Mfg.  Co» 

1206  American  Bldg.,  Baltimore,  Md. 
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HoBNB,  Caleb  Lee,  Ck)mbustioii  Engr.,  Air  Nitrates  Corpn.,  Muscle  Shoals,  Ala. 

KosiCKi,    WiTOLD Mass.    Uustitute   of   Technology.    Cambridge,    Mass. 

Noon,  Thomas  H 1215  N.  Nevada  Ave.,  Colorado  Sprines,  Colo. 

Salter,  James  P Foundry  Supt.,  Ohio  Brass  Co.,  Mansfield,  Ohio. 

ScHMUTZ,  G.  L.,  Min.  Engr.,  Moctezuma  Copper  Co., 

Pilares  de  Nacozari.  Sonora.  Mexico. 
Stahl,  George  A.,  Sec'y  &  Gen*l  Mgr.,  The  Vindicator  Cons.  Gold  Min.  Co., 

603  Symes  Bldg.,  Denver,  Colo. 
Weber,  William  G.,  Mgr.,  Wlupple  &  Choate,  459  Iranistan  Ave.,  Bridgeport,  Conn. 
Wheeler,  Arthur  A.,  Met.,  The  Barkus  &  Johnston  Co.,  Casapalea,  Peru,  S.  A. 

Junior  Associates 

BoATRiOHT,  Byron  B Student,  Colorado  School  of  Mines,  Grolden,  Colo. 

Fleming,  George  G Student.  Mass.  Institute  of  Technology,  Cambridge,  Mass. 

Bedding,  Joseph  N Student.  Pennsylvania  State  College,  State  College.  Pa. 

O'RouRKE,  Edward  V Student,  Ohio  State  University,  Columbus,  Ohio. 

OwiNGS,  C.  Watson Student,  Pennsylvania  State  College,  State  College,  Pa. 

Sefing,  Frederic  G Student,  Lehigh  University,  So.  Bethlehem,  Pa. 

SuRPLXJH,  John  S Student,  Colorado  School  of  Mines,  Golden,  Colo. 

Change  of  Stattis 

Rosenblatt,  Girahd  B 1212  Walker  Bank  Bldg.,  Salt  Lake  City,  Utah. 

Total  MembersUp,  Feb.  10,  1919 7202 

Change  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received 
at  the  Secretary's  oflBice  during  the  period  Jan.  10, 1919,  to  Feb.  10, 1919. 

This  list  together  with  the  list  published  in  Bulletins  No.  133  to  146, 
January,  1918,  to  February,  1919,  and  the  foregoing  h'st  of  new 
members,  therefore,  supplements  the  annual  list  of  members  corrected 
to  Jan.  1,  1918,  and  brings  it  up  to  the  date  of  Feb.  10,  1919. 

Adaus,  C.  W.,  Jr.,  American  Smelt.  &  Refin.  Co.,  McCormick  Bank  Bldg., 

Salt  Lake  City,  Utah; 

Adkins,  H.  S Asst.   Gen'l  Mgr.,  First  Creek  Coal  Co.,  Blue  Diamond,  Ky. 

Alden,  Herbert  W Vice-pres.,  The  Timken-Detroit  Axle  Co.,  Detroit,  Mich. 

Alubn,  Arthx7r  P Box  100,  Miami,  Ariz. 

Au^EN,  Carl  A U.  S.  Bureau  of  Mines,  446  Capitol  Bldg.,  Salt  Lake  City,  Utah. 

Aluno,   Mark  N Angels  Camp,   Sierra  Cio.,   Cal. 

Ambler,  Harry  A Capt.,  30th  Inf.,  General  Hospital  No.  28,  Ft.  Sheridan,  HI. 

Andrews,  Clarence  W.,  Open  Hearth  Dept.,  American  Steel  Foundries^ 

Alhance,  Ohio. 

Arozena,  I>E  Job lieut.,  107  Engrs.,  American  P.  O.  734,  A.  E.  F.,  France. 

Baker,  Harrt  A Capt.,  Chemical  Warfare  Section,  Camp  Kendrick,  N.  J. 

Baker,  Hamilton  W.,  Baker  &  Gaebelein,  Suite  404, 

185  Devonshire  St.,  Boston,  Mass. 

Bai-lenberg,  Adolf  G 4754  Greenwood  Ave.,  Chicago.  III. 

Babker,  E.  E Supt.,  Cerro  de  Pasco  Copper  Corpn..  Morococha^  Peru. 

Barnes,  Dr.  Francis  M.,  Jr University  Club  Bldg.,  St.  Louis,  Mo. 

Barth,  Carl  G.,  Jr 244  Larkin  St.,  Buffalo,  N.  Y. 

Babtlett,  J.  H 2116  Confederate  Place,  Louisville,  Ky. 

B atcheller,  J.  H 287  Walnut  St.,  Brookline,  Mass. 

Batten,  H.  L Bank  of  Montreal,  Victoria,  B.  C,  Canada. 

Bauhann,    Henrt   N.,    Jr Chichagof,   Alaska. 

Beers,  Albert  D.,  Ore  &  Fuel  Buver,  New  Jersey  Zinc  Co., 

160  Front  St.,  New  York,  N.  Y. 

Beiire,  Henry  A 840  Park  Ave.,  New  York,  N.  Y. 

Bentlet,  Robert 814  Stambaugh  Bldg.,  Youngstown,  Ohio. 

BeROLZHeimer,   D.   D 86  Prospect   Park  West,   Brooklyn,   N.   Y. 
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Blair,  Albert  E 3a  de  los  Heroes  45,  Mexico,  D.  F. 

Blakeslee,  Frank  A 229  27th  St.,  Milwaukee,  Wia. 

BoYBR,  Samuel  L.,  Min.  Engr W-2808    Boone  Ave.,  Spokane,  Wash. 

Braden,  William,  Min.  Engr 42  Broadway,  New  York,  N.  Y. 

Brady,  S.  H 800  Wheeler  Ave.,  Reno,  Nev. 

Bratton,  Coret  C 2937  Magnolia  Ave.,  Berkeley,  Cal. 

Bradley,   D.   H.,   Jr Box  93,    Preacott,  Arii. 

Brown,  JPrbnticb  Farrar The  Colorado  School  of  Mines,  Golden,  Colo. 

Browne,  Kenneth  C Box  196,  Creighton  Mine,  Ont.,  Canada. 

Brxjoger,  Melvin Columbus  State  Bank,  Columbus,  Neb. 

Brxjnton,  Frederic  K.,  Met.,  Phelps-Dodge  Corpn.,  Copper  Queen  Branch, 

•  Douglas,  Aril. 

BuRPORD,  S.  W.,  Capt.,  Ordnance  Supply  Div.,  131  Dennison  Ave.,  Davenport,  Iowa. 
Burgren,  Arthur  W.,  American  Smelt.  &  Kef.  Co.,  Matehuala.  S.  L.  r.,  Meiico. 
BuRKMAN,  John  M.  F.,  Chief.  Engr.,  Compania  de  Santa  Gertruois,  S.  A., 

Apartado  1,  Pachuca,  Hidalgo,  Meiico. 
Bttrns,  William,  Santa  Fe  Gold  &  Copper  Min.  Co.,  Box  367,  Santa  Fe,  N.  M. 

Byer,  Henry  E Care  Grace  Brothers,  Calcutta,  hidia 

Byers,  Wheaton  B.,  2d  Lieut.,  Ord.  Dept.,  U.  S.  A.,  Watertown  Arsenal, 

Watertown,  Mass. 
Cannon,  Frank  D.,  Co.  16,  Transportation  Corps.  14th  Grand  Div., 

Camp  G.  M.  Dodge,  A.  P.  O.  701,  American  E..F.,  Fnince, 

Carpenter,  Arthur  H Sawpit,  San  Miguel  Co.,  Colo. 

Caron,  M.  H Hoofdbureau  Mynwezen.  Batavia,  Java,  N.  E.  1 

Carroll,  Walter B.  F.  Goodrich  Rubber  Co.,  Akron,  Ohio. 

Cavanagh,   John  L New   Glasgow^  N.   S.,  Canada. 

Cavers.  T.  Willard International  Nickel  Co.,  Copper  Cuff,  Onl^  Canada. 

Chan,  A.  K.,  Chin  Bo  Kay,  Care  Tuck  Hing  Lung,  13  Quong  Yuen  West  Kd., 

Hong  Kong,  China. 
Chance,  Edwin  M.,  Lieut. -Col.,  Ordnance  Dept.,  U.  S.  A.. 

3304  Clifton  Ave.,  Baltimore,  Md. 

Chang,  Ming-Yi Care  S.  Y.  Chu,  421  West  118th  St.,  New  York,  K.  Y. 

Chase,  March  F.,  War  Industries  Board,  136  Ave.,  dea  Champs  Elysee,  Paris,  France. 

ChXvez,  RAtJL Twin  State  (Ml  Co.,  Tulsa,  Okla. 

Chiang,    Lu-Cheng 2206    Atherton    St.,    Berkeley,    Cal. 

Clamer,  Guilliam  H.,  1st  Vicenpres.,  Ajax  Metal  Co.^ 

Frankford  Ave.  and  Richmond  St.,  Philadelphia,  Pa. 

Clark,  Douglas Box  14,  Stanford  University,  Oil. 

Clarke,  E.  A.  S Cons.  Steel  Corpn.,  165  Broadwav,  New  York,  N.  Y. 

CoLBURN,  C.  Lorimer 630  Equitable  mdg.,  Denver,  Colo. 

Collins,  Henry  F 2  Hyde  Park  Terrace,  W.  2,  London,  England. 

CoNRADs,  R.  A 225  South  6th  East  St.,  Salt  Lake  Cit}-,  Utah. 

CooKE,  C.  C Gen*l  Mgr.,  Suyan  Min.  Co.,  P.  O.  Manbar,  Logan  Co.,  W.  Va. 

Coolidge,  Donald  J 411  East  7th  St.,  Tarentum,  Pa- 

CoRNELL,   Roy Resident  Engr.,  Standard  Minerals  Co.,   Kingman,  Am. 

Courtis,  William  M 23  Pilgrim  Ave.,  Highland  Park  P.  O.,  Detroit,  Mich. 

CowiN,  Percy  G.,  E.  J.  Longyear  Co.,  710-722  Security  Bldg.,  Minneapolis,  Minn. 

Cox,  W.  Ray 616  Post  Office  Bldg.,  Portland,  Or^:on. 

Crane,  Walter  R Bureau  of  Mines,  Washington.  D.  i'- 

Crerar,  George,  Care  Compania  Metalurgica  Mexicana,  San  Luis  Potosi,  Mexico. 

Crowdus,    John   William 222   Mills   Bldg.,   El   Paso.   Texas. 

Dake,  Walter,  M.  Jr Gen'l  Mgr.,  Blazon  Coal  Co.,  Point  of  Rocks,  Wyo. 

Dalburg,  Frank  A Box  68,  Cisco,  Texas. 

Daue,  E.  O 744  Milton  Ave.,  Easton,  Pa. 

Davis,     R.    S Milton,    P*. 

Denton,  Fred  W.,  Vice-pres.,  Copper  Range  Co..  82  Devonshire  St.,  Boston,  Mas*. 

Diescher,  Alfred  L lOO  West  59th  St.,  New  York,  N.  ^ 

DoBBs,     Gerald    G Box    97,    Bessemer,    Ala 

Doennecke,  Henry  W Met.,  Mineral  Point  Zinc  Co.,  De  Pue.  Ill 

Donald,    William Bloomingdale,    N.   J. 

DouGAN,  Lee  Dewane Elko  Prince  Mining  Co.,  Midas,  Nev. 

Downs,  Fletcher  G 367  Bergen  Ave.,  Jersey  City,  N.  J 

Duce,  James  Terry State  Bureau  of  Mines,  State  Capitol,  Denver^  Colo. 

Dudley,  G.  H Box  524,  Morenci,  Am 

Dutton,    Dewey   A Primos   Exploration   Co.,   Urad,   Empires,   C<do. 

Drumheller,  Daniel  M.,  Jr Homestead,  Oregon. 
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Edmondbon,  H.  W 465  West  159th  Street,  New  York.  N.  Y. 

Eberhabi>t.  Wiluam  G 450  West  22d  Street,  New  York,  N.  Y. 

Elliott,  W.  R 516  Greene  Ave.,  Montreal,  Que.,  Canada. 

Elsino,  M.  J Box  702,  Warren,  Ariz. 

Ernest,  Richard  H.,  Vice-pres.  &  Gen'I  Mgr.,  Manhattan  Oil  Co., 

203  Cosden  Bldg.,  Tulsa,  Okla. 

EwiNG,  Charles  G 408  Olive  Street,  §t.  Louis,  Mo. 

Farnham,   C.    M Barre   Plains,   Mass. 

Fearing,    Frederick    C 1614    Pennsylvania    Bldg.,    Philadelphia,    Pa. 

Fell,  Harold  B Gen'I  Mgr.  &  Treas.,  Peerless  Steel  Co.,  Ardmore,  Okla. 

Fernandez,  A.  L ^ Box  331,  Monterrey,  Mexico, 

Fobstbr,  Hallard  W Tigre  Mining  Co.,  Esqueda,  Son.,  Mex. 

FoTTRNiER,  E.  Anttjnes Apartado  154,  Pachuca,   Hgo^  Mexico. 

Fox,  Walter  V Ward  Min.  &  Mill.  Co.,  Tolland.  GUpin  Co.,  Colo. 

Fraser,  Leb El  Paso  Smelting  Works,  M  Paso,  Texas. 

Friedrich,  Alfred  K Buckeye  Coal  Co.,  Nemacolin,  Greene  Co.,  Pa. 

Frtth,  Charles  William Tintic  Milling  Co.,  Silver  City,  Utah. 

Fry,  C.  H 925  16th  Street,  Modesto,  Cal. 

Galan,  Carlos  F Hacienda  de  Ojo  de  Agua,  Rioverde,  S.  L.  P.,  Mexico. 

Ganter,  George  A Taylor  Hall- A,  Lehigh   University,  So.  Bethlehem,  Pa. 

Gardanier,  S.  a Box  1032,  Douglas,  Ariz. 

Gardner,  E.  D Bureau  of  Mines,  Pittsburgh,  Pa. 

Garnbtt,  T.  H Mineral  Point  Zinc  Co.,  Galena,  111. 

Garratt,  Frank Supt.,  Latrobe  Electric  Steel  Co.,  Latrobe,  Pa. 

Golick,     Tony     F Palmerton,     Pa. 

Graupner,  M.  F 750  South  Main  St.,  Butte,  Mont. 

Greene,  Lewis  H.,  Major,  Motor  Supply  Train, 

American  E.  F.,  Care  Postmaster,  N.  Y. 

Grier,  C.  D.  .-r 4305  15th  Ave^  N.  E.,  Seattle,  Wash. 

Griffiths,.  Harry  D.,  Min.  Engr. ;  Cons.  Engr.,  Kanbauk  (Burma)  Wolpam 

Mines,  Ltd.,  34  Great  St.  Helens,  London,  E.  C,  England. 

Griswold,  Charles  E. International  Smelt.  Co^  Miami,  Ariz. 

Grodsky,  Valdimir  Alexandrovitch 450  Wyoming  PL,  Milwaukee,  Wis. 

Grogs,  Henry Kentucky  Rock  Asphalt  Co.,  Sweden,  Edmonson  Co.,  Ky. 

GuDKov,   Valentin  John 308  Fayette  St.,  Johnstown,   Pa. 

Hardy,  R.  A Care  Thoma  Ranch,  Fallon,  Nev. 

Harrottn,  Douglass  Houghton 901  Stanyan  Street,  San  Francisco,  Cal. 

Hart,  Gilbert 328  Earlham  Terrace,  Philadelphia,  Pa. 

Hayes,  James  Edward,  Vice-pres.,  The  New  Jersey  Zinc  Co., 

160  Front  Street,  New  York,  N.  Y. 

Heidenrbich.  W.  Lee Lowell  Apts.,  1984  Park  Grove  Ave.,  Los  Angeles,  Cal. 

HsiZER,  O.  F Tuolumne,  Cal. 

Herz,  Nathaniel Lead,  S  Dakota. 

Hinvan,  Ross  G.,  Testing  Dept.,  The  New  Jersey  Zinc  Co.  (of  Pa.),  Palmerton,  Pa. 

HiRSH,  Ralph  T 320  West  84th  St.,  New  York,  N.  Y. 

Hodgson,  Joseph  P.,  Mgr.,  Morenci  Branch,  Phelps-Dodge  Coipn., 

Morenci,  Greenlee  Co.,  Ariz. 

Hofstrand,  Oscar  B 716  Newhouse  Bldg.,  Salt  Lake  City,  Utah. 

HoLMLiN,  Carl  A 845  Maple  Ave.,  Los  Angeles,  Cal. 

HoTCHKiN,  Merritt  W.,  Dominion  Molybdenite  Co.,  Ltd^  Quyon,  Quebec,  Canada. 

Huddle,  Charles  R *. Ivanhoe  Furnace  Co.,  Ivanhoe,  Va. 

Httll,  Cecil  B Mgr.,  Crystal  Copper  Co.,  Butte,  Mont. 

Hutchison,  Robert  M 519  E.  D.  Street,  Sparrows  Point,  Md. 

Hyder,    Charles   A 518   Pike   Ave..    Canon   City.    Colo. 

IxGERsoLL,  Dallas  E Pres.,  Powhatan  Coal  Co.,  Huntsville,  Mo. 

Jahn,  William  F.,  Min.  &  Met.  Engr.,  The  Dorr  Co.,  17  Battery  Place, 

New  York,  N.  Y. 

Johnston,   R.   Barker 590  Estrada  de  Sacavem,  Lisbon,   Portugal. 

Jokes,  Charles  H.,  Sociedad  M.  y  M.  de  Penarroya  Plaza  de  (Janovas.  4, 

Madrid,  Spain. 

Kaanta.     Henry    W Murphy    Hotel,     Globe,     Ariz. 

KjkYB,  Gteorqe  W.,  Min.  Engr.,  Mgr.,  Jemison  Mines,  Arizona  Engineering  Co., 

Kingman,  Ariz. 

ICelloog,    Leb    O Box    655,    Guayaquil,    Ecuador. 

JCennedy,  Georqe  A.,  W.  C.  Jjaiighlin  Co.,  Miguel  Lopez,  Aeent. 

La  ColoraJa,  Sonora,  Mexico. 
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Kennedy,  John  S 1118  Pennsylvania  Bldg.,  Phfladelphu,  F^. 

Kimball,  H.  S Remington  Arms  Co.,  233  Broadway.  New  York,  N.  Y. 

King,  Rowland C.  M.  Faesett  Ck).,  209  N.  Wall  St.,  Spokane,  Wash. 

KiSHMAN,  Maurice  W.,  Mine  Foreman,  Inspiration  Cons.  Copper  Co.^ 

Inspiration,  Aiis. 

Klein,  Karl  F Andes  Copper  Min.  Co.,  CaslUa  230,  Antofagasta,  Chile. 

Kneass,  Strickland,  Jr.,  Steam  Engr.,  Youngstown  Sheet  &  Tube  Co., 

Youngstown,  Ohio. 
Knight,  O.  A.,  The  School  of  Mines,  The  Pennsylvania  State  College, 

State  College,  P&. 

Koch,  H.  E Atlas  Portland  Cement  Co..  Hannibal,  Mo. 

KoBRiNG,   Bruno  R 325  J  Street,  Salt  Lake  City,  Utah. 

Kroeger,  Adolph  C Box  208,  Bisbee,  Am. 

Landers,  Will  H.,  Operating  Min.  Engr.,  Bohemian  Club,  San  Francisco,  GaL 

Lawshb,  Verner  T 365  Mt.  ProMject  Ave.,  Newaik,  N.  J. 

Lawson,  Stuart  C Instructor,  University  of  Wisconsin,   Madison,  Wia. 

Levis,  Alfred  C Homewood  Apts.,  Charles  &  31st  St.,  Baltimore,  Md. 

Let,    Henry    A Box    1109,    Dallas,    Texas. 

LiLLiE,  J.  J Horn  Silver  Mines  Co.,  Frisco,  Utah. 

Lindsay,    B.    R Louisa,    Ky. 

Livingston,  Ivor Whitwell,  Tom. 

Livingston,  William  S.,  Jr The  Grasselli  Chemical  Co.,  New  Market,  Tenn. 

Lord,    J.   0 525   Jackson   St.,    Gary,  IndL 

McIunlaTlWilliam  B 606  So.  Broadway,  Yonkers,  N.  Y. 

McLaine,  W.  L Box  1072,  Casper,  Wye 

MacNichol,  a.  W 1456  Fulton  St.,  San  Pianasco,  Cd. 

McCrary,    E.    W Box   790,    Tulsa,  Okla. 

Macobib,  John  De  Navarre,  Major,  Engrs.,  United  States  Army,  Camp  Forest,  Ga. 

Madge,  W.  C Care  T.  F.  Jensen,  Anaconda,  Moai 

Megraw,  H.  a.,  Kennedy-Van  Saun  Mfg.  &  Engr.  Corpn.,  Room,  1718,  • 

120  Broadway,  N.  Y. 

Melitzer,  Samuel Lieut.,  212th  Engineers,  Camp  Devens,  Mass. 

Merricks,  Homer  I.,  Supt.  of  Construction,  Edmund  T.  Perkins  Engr.  Co., 

Box  119,  Peldn,  EL 
Merry,  F.  Charles.,  Min.  Engr.,  National  Engineering  Corpn., 

40  Central  St.,  Boston,  Mass. 
Mills  R.  Van  A.,  Pet.  Technologist,  U.  S.  Bureau  of  Mines, 

506  Custom  House,  San  Frandsco,  CaL 

Mizel,  Maynard 1516  55th  St.,  Brooklyn,  K.  Y. 

MooRE,  Edward  W Major,  Quartermaster  Corps.  Picron,  little  Rock,  Aik. 

MuDD,  Sbelby  W 2232  Harvard  Blvd.,  Los  Angdes,  CaL 

Myers,  Desaix  B Major,  304th  Enm.,  79th  Division,  American  E.  F.,  Franee. 

Nagel,  Frank  J.,  Cia.  de  Minerales  y  Metales,  S.  A., 

Apt.  261,  Monterrey,  N.  L.,  Mexico. 

Nelson,    Axel    S Allenby,     B.    C,    Canada. 

Nagel,  H.  Pm  Jr 1517  East  31st  Ave.,  Denver,  Cote. 

NicHOLLS,  J.  C.,  Gen'l  Supt.,  Min.  &  Smelt.  Division,  The  International  Nickel  Co. 

of  Canada,  Ltd.,  Copper  Cliff,  Ont.,  Canada. 

North,  Alfred  C 1551  West  48th  Street,  Los  Angeles,  CaL 

NoTT,  T.  E 4842  Ellsworth  Ave.,  PittsbiugL  Pa. 

Oberg,  Anton  C 316  Sellwood  Bldg.,  Duluth,  Miim. 

Olson,  K.  E Metal  &  Thermit  Coron.,  East  Chicago,  Ind. 

Osborne,  Clarence  Bristol Geol.  Dept.,  Midwest  Kefin.  Co.,  Driver,  Cok>. 

Palmer,    W.    R Globe,   Arii. 

Partanbn,  Isae,  Surveyor-Private,  Army  Service  Corps, 

Headquarters  Detachment,  A.  P.  O.  713,  American  E.  F.,  France. 

Patterson,  C.  T 334}^  W.  Pike  Street,  Canonsbiiig,  Pa. 

Pelton,  Roger  T Box  937,  ^sbee,  Arii. 

Perkins,  Fred  H 16  East  Adams  Street,  Phoenix,  Arii. 

Pbrrinb,    Irving Box  376,  Hutchinson,  Kans. 

Peters,   C.   B Box   17,   Tenafly,   N.  J. 

Peterson,    Orrin   P Utah- Apex   Mining   Co.,    Bingham   Canyon,   XJtak. 

Pew,  J.  Edgar.,  Vice-pres.,  Sun  Co.^J^erican  Exchange  National  Bank,  Dallas,  Texas. 
Place,  Richard  G.,  Cons.  Engr.,  The  Acme  Manganese  Min.  Co., 

308  Citizens  National  Bank  Bldg^  Hot  Springs,  Aik. 
PoMBROY,  William  A Pomeroy  &  Hamilton,  Kennedy  Bldg.,  Tulsa^  OWa. 
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pRAirr,  Wallagb  £.,  Chief  Geol.,  Humble  Oil  A  Refin.  Co.| 

Box  1352,  Fort  Worth,  Texas. 
Rattle,  Paul  S.,  Midvale  Steel  &  Ordnance  Co., 

Newhouse  Bldg.,  Salt  Lake  City,  Utah. 

Reminqton,  Arthur  E.,  Alvarado  Min.  &  Mill.  Co.,  Parral,  Chihuahua,  Mexico. 

RicHELSXN,  Walter  A 552  Le  Claire  Ave.,  Chicago,  111. 

Rhtkr,   Etienne   a 725   North   Cascade  Ave.,   Colorado  Spring,   Colo. 

R(»BiNs,  Percy  A Room  1001,  Hobart  Bldg.,  San  Francisco,  Cal. 

Rogers,  John  C,  International  Nickel  Co.  of  Canada,  Ltd., 

Copper  Cliff,  Ont.,  Canada. 

RoTCE,  Ward,  Capt.,  Co.  B,  27th  Engineers,  American  E.  IP ..  Care  Postmaster,  N.  Y. 

RuBT,  N.  H La  Colorada,  Sonora,  Mexico. 

Sandbero,    August R.    1,    Box    170,    Brawley,    Cal. 

Saeqent,  Frrz  Wiluam,  American  Brake  Shoe  &  Fdy.  Co., 

30  Church  St.,  New  York.  N.  Y. 

ScHiUiiNa^^GEORaB    W I7I8    Morgan    Place,    Holly wooa,    Cal. 

Schmidt,  W.  C New  York  &  Honduras  Min.  Co.,  Sa  Juancito,  Honduras. 

Sears,  Stanley  C 702  Walker  Bank  Bldg..  Salt  Lake  City,  Utah. 

Sbsviss,  Fred  Le  Verne Mgr.,  The  Keystone  Drafting  Co.,  Golden,  Colo. 

Sevbry,  Clarence  L Pemberton  &  Severy.  803  Mayo  Bldg.,  Tulsa,  Okla. 

Shearican,  Wilijau  H.,  The  New  Jersey  Zinc  Co.,  160  Front  St.,  New  York,  N.  Y. 

Shelby,  W.  W American  Smelt.  &  Refin.  Co.,  Charcas,  S.  L.  P.,  Mexico. 

Smith,  F.  G 108  Field  St.,  Torrin^n,  Conn. 

Smith,  Henry  B.,  New  Britain  Machine  Co.,  43  Park  Place,  New  Bntain,  Conn. 

Smith,  Henry  P Apartado  55.  Guanajuato,  Mexico. 

Smith,   James  W 30  Sever  St.,  Worcester,   Mass. 

Spruance^W.  C.  Jr 2507  West  17th  St.,  Wilmin^n,  Del. 

Stalder,  Wai^ter 805  Crocker  Bldg.,  ban  Francisco.  Cal. 

&PAV1SR,  W.  H 16  Broad  St.^New  York,  N.  Y. 

Sterrbtt,  Douglas  B Pierce  Mill  Road,  WashinRton,  D.  C. 

Stollbh,    F.   E 3426   Bradford    Road.    Cleveland,    Ohio. 

Stone,  Frank  M.,  Sgt.,  Motor  Transport  Corps,  Co.  6,  M.  R.  S.  303, 

A.  P.  0.  772,  American  E.  F..  France. 
8ix>NE,  George  C,  The  New  Jersey  Zinc  Ck).,  160  Front  St.,  New  York,  N.  Y. 

Stuts,  Ernest 828  Stratford  Ave.,  S.  Pasadena,  Cal. 

Tacrmann,  Henry Care  Fairview  Fluorspar  &  Lead  Co.,  Golconda,  111. 

Taylor,  William  W.,Min.  &  Chem.  Engr.,  Peoples  National  Bank  Bldg., 

Lynchburg,  Va. 
Thomas,  W.  E.,  Supt.,  Cia.  Minerales  y  Metales,  S.  A.,  Apartado  No.  251, 

Monterrey,  N.  L.,  Mexico. 

Thomson,  Alexander  T A^st.  to  Pres.,  Phelps- Dodge  Corpn.,  Douglas,  Ariz. 

TiNSLBY,  Robert  B.,  Co.  C,  605th  Engineers,  Amencan  E.  F.,  Care  Postmaster^.  Y. 

Treichijbr,  H.  £ Texas  Gulf  Sulphur  Co.,  Matagorda,  Texas. 

Trischka,  Carl,  Min.  Engr 135  S.  Vine  St.,  Richmond  Hill,  L.  I.,  N.  Y. 

Ude,  Edgar Co.  L,  355th  Infantry,  American  E.  F.,  A.  P.  O.  761,  France. 

Van  VaIiXenburgh,  R.  D Box  353^Scranton,  Pa. 

Veatch,  a.  C 19  Grosvenor  Gardens,  London,  S.  W.  1,  England. 

Wai/teb,  Raymond  A 710  North  5th  Street,  Reading.  Pa. 

Walz,  A^ndrew,  Min.  Engr 60  Broadway,  New  York,  N.  Y. 

Ward,  Howard  R.,  Federal  Board  for  Vocational  Education, 

317  Railway  Exchange  Bldg.,  Denver,  Colo. 
Warren,  S.  Power,  Experimental  Flotation  Work, 

605  Mercantile  Bide.,  Denver,  Colo. 

Warriner,  R.  C Room  2123,  120  Broadway,  New  York,  N.  Y. 

WeIch,  Daniel  A 42  Broadway,  New  York,  N.  Y. 

Wklbh,    H.  Lee Box  301,   Anaconda,   Mont. 

WhttKj  Charles  H 317  Hobart  Bldg.,  San  Francisco,  Cal. 

WiCKEs,  L.  Webster,  Major,  Headquarters,  212th  Engineers,  Camp  Devens,  Mass. 

WiiiFi4ETy   C.  R Box   119,   Denver,   Colo. 

Wise,  Ai-pred  L 28  East  83d  St.,  New  York,  N.  Y. 

Wono,  Y.  C Chem.,  American  Smelt.  &  Refin.  Co^  Omaha,  Neb. 

Wyixb,    Joseph   A 1213   3d   St.,    Catasaqua,    Pa. 

IITates,  a.,  Royal  School  of  Mines,  Prince  Consort  Road, 

South  Kensington,  London,  S.  W.  7,  England. 
YoxrsGj   WHiUAM  G.,  Cons.  Engr.  &  Min.  Engr.,  West  Kentucky 

Co-operative  Coal  Co.,  914  S.  Alvarado  St.,  Los  Angeles,  Cal. 


xc  Monthly  Bulletin  No.  147,  Maech,  1919 

Members'  Addresses  Wanted 

Name.  Last  address  of  Record  from  which  Mail  has  beea  returned. 

Armstrong,  E.  W Mina  Bibilonia.  La  Libertad,  Nicaragua,  G.  A. 

BacoN;  Maurice  W 726  Old  National  Bank  Building,  Spokane,  Wash. 

Bird,    Frank    H Butler   Hotel    Seattle,  Waah. 

Blanchard,   Ralph   C 3  Lombard  St.,  London,  England. 

Breeding,    F.    O Eden    Min.    Co.,    Bluefields,    Nicangoa. 

Detbrt.    William   F Jackson,   Amador  Co.,  CaL 

Herr,  J.  Campbell Box  656,  State  CoUegt  Pa. 

Hughes,  Wilson  W Care  Lloyd's  Bank.  Forrey,  Cornwall,  England. 

Hunter,  Charles,  Royal  Colonial  Institute,  Northumoerland  Ave.,  London.  W., 

Endand. 

Hurxtm,   Frbdrik   J.   0 Westmorley  Court,   Cambridge,  Ito. 

Kammerer,    Charles Box    412,    San    Francisco,  Gal. 

Kay,   David  Nelson Ray  Cons.  Copper  Co.,   Hayden;  Aiii. 

King,  Frank  E Hotel  Breslin,  New  York,  N.  Y. 

Kleesattel,  Richard 911  White  Bldg.,  Seattle,  Wadi. 

Klugescheid,  Walter  P 616  W.  113th  St.,  New  York,  N.  Y. 

Mbnefee,  Arthur  B Hibemia,  N.  J. 

Nelson,  Theophilus  L Empire  Coal  Co.,  Empire,  .41a. 

Sticknet,  Wiluam  H 708  N.  Center  St.,  Reno,  Nev. 

Taplin,  Thomas  J.,  Jr 16  Lord^ip  Park,  London  N.  16,  England. 

TiNGLET,  T.  W Beutree,  W.  Va. 

Treat,  Lloyd  B.,  Canadian  IngersoU-Rand  Co.,  Bank  of  Toronto  Bldg., 

Montreal,  Cansda. 
Woo,  W.  K M  70  Sing  Kong  li,  Minghong  Road,  Shanghai,  Chbia. 


Necrology 

(Sm  also  "Died  in  Service'*) 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
ofBce  during  the  month  Jan.  10,  1918,  to  Feb.  10,  1919. 

Date  of 
Election.  Name.  Date  of  Death. 

1919        ColUns,  George  N .-  .Jan.  19,  1919. 

1917  Dennis,  A.  C Dec.    3,  1918. 

1916  Ellis,  Hubert  I Jan.    6,  1919. 

1914  Fraser,  Keith  Colt Dec.  12,  1918. 

1918  Galligan,  Emmet  F Jan.  18,  1919. 

1915  Henley,  A.  R Nov.—,  191& 

1917  Lavery,  H.  H 1918. 

1914  McCormick,  Alan  F Dec.  23,  1918. 

1917  Noehl,  B.  F 1918. 

1916  Sauerschnig,  Jose 

1908        Smith,  Frank  G.  D Jan.  20,  1919. 

1917  Webber,  G.  E.,  Jr '  .  . .  .Oct.  26,  19ia 


Candidates  for  Membership 

Application  for  Membership. — The  Institute  desires  to  extend  its  privilegea  tfl 
every  person  to  whom  it  can  be  of  service.  On  the  other  hand,  it  is  not  desirable  tbat 
persons  should  be  admitted  to  membership  in  classes  for  which  they  are  not  qualified. 
Members  of  the  Institute  can  be  of  great  service  if  they  will  make  a  practice  of  K^^ 
ing  through  the  list  of  applicants  and  promptly  notifying  the  Committee  on  Member- 
ship, or  the  Secretary  of  the  Institute,  of  any  persons  whom  they  think  should  not  be 
classified  in  accordance  with  the  list  given. 


i 
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Applications  Lacking  Endorsement 

Application  for  membership  has  been  •  received  from  Mr.  Brink, 
whose  record  is  given  below.  This  application  lacks  the  necessary 
number  of  endorsers,  but  since  this  candidate  lives  at  some  distance  from 
the  headquarters  of  the  Institute,  his  record  is  published  here  in  order 
that  any  members  who  are  acquainted  with  him  may  be  advised  of  the 
circumstances  and  may  have  an  opportunity  of  writing  to  the  Secretary 
endorsing  this  candidate. 

Member 

Cyril  Gordon  Brink,  Transvaal,  So.  Africa. 

Bom  1889,  Grahamstown,  So.  Africa.  1900-05,  High  School.  1906-07,  St. 
Andrews  School.  1908-09,  Chem^  Rhodes  Univ.,  Grahamstown.  1910-15,  In  Re- 
duction Wks..  Norse  Gold  Mines,  Ltd.,  Johannesburg.  1915-17,  Leading  Shiftsman, 
and  in  chg.  of  reduction  wks.^  Fairview  gold  niine,  Transvaal  Cons.  Mines. 

Present  position — 1917  to  date:  Reduction  Officer,  Fairview  Devonian  Montrose 
Gold  Mines,  Ltd. 

The  following  persons  have  been  proposed  during  the  period  Jan.  10, 
1919,  to  Feb.  10,  1919,  for  election  as  members  of  the  Institute.  Their 
names  are  published  for  the  information  of  Members  and  Associates, 
from  whom  the  Committee  on  Menabership  earnestly  invites  confidential 
commimications,  favorable  or  unfavorable,  concerning  these  candidates. 
A  sujfficient  period  (varying  in  the  discretion  of  the  Committee,  accord- 
ing to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 


Members 

Peter  Albert  Ballard.  So.  Dak. 

Proposed  by  Edward  L.  Estabrook,  C.  C.  O'Harra,  B.  C.  Yates. 

Bom  1883,  Chicago,  111.  1906-11,  South  Dakota  School  of  Mines.  1915-16. 
New  Mexico  School  of  Mines,  M.  E.  1909-14,  Conducted  surveying  office,  Rapid 
City,  So.  Dak.  1910-12,  County  Surveyor.  1914,  Mine  Surveyor,  Kosario  mines, 
San  Juancito,  Honduras,  C.  A.  1915,  Instructor,  surveying,  New  Mexico  School  of 
Mines.  1914-15,  Surveyor  and  Asst.  Geol.,  Norbeck  &  Nicholson  Co.,  Redfield,  So. 
Dak.  1916-17,  Surveyor  and  Field  Mer.,  oil  fields,  Hot  Creek,  Wyoming.  1917-18, 
Surveyor  and  Cons.  Pet.  Geol.,  Lusk,  Wyoming;  also  employed  by  Norbeck  & 
Nicholson  Co. 

Present  position:  Field  Geol.,  Midwest  Refin.  Co.,  Denver,  Colo,  and  Casper, 
Wyoming. 

August  Joseph  Bamebl,  Jr.,  Newark,  N.  J. 

Proposed  by  J.  V.  N.  Dorr,  H.  N.  Spicer,  D.  S.  McAfee. 

Bom  1883,  E.  WiUiamsburg,  L.  I.  1901-05,  Columbia  Univ.,'E.  M."^  1905-06, 
Assayer,  Bamberger  De  Lamar  Gold  Mines  Co.  1906,  Millman,  Tonopah  Min.  Co. 
1907,  Assayer,  Cananea  Cons.  Copper  Co.  1908-09,  Assayer  and  Surveyor,  Salt  Lake 
Copper  Co.  1909-10,  Leasing  same  property  as  above.  191 1,  Timbeanan,  Tennessee 
Copper  Co.     1912,  Supt.,  Pnze  Min.  Co.     1913-14,  Leasing,  Salt  Lake  Copper  Co. 

?roperty.    1916-16,  Millman  and  Assayer,  Aurora  Cons.  Gold  Mines  Co.     1916-18, 
>raftsman,  Edison  Chem.  Works  and  Balbach  Smelt.  &  Refin.  Co. 
Present  position:  Meeh.  Engr.,  The  Dorr  Co.,  New  York,  N.  Y. 
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Charles  William  Barry,  Idaho  Sprinss.  Colo. 

Proposed  by  R.  E.  Scmrmer,  James  Underhill,  D.  A.  Barry. 

Bom  1862,  Nova  Scotia,  Canada.  Common  School;  International  Correspond- 
ence Schools.  I.  C.  S.  Spanish  Language  Course.  Prior  to  1892.  on  railroad  surveys. 
and  construction  work,  nouse  carpenter,  and  joiner  work.  1892-1903,  On  mine  and 
mill  buildings,  aerial  tramways,  millwright  work  and  mining.  1903-04,  Supt.  of 
min.  operations  for  Big  5  T.  O.  It.  &  T.  Co.,  San  Juan  County,  Colo.  1904-11,  on 
constr.^  remoldinf^  and  operation  of  concentration  and  amalgamating  mills,  and  supt 
of  minms  operations  in  Mexico  and  U.  S.  1911-18,  Supt.,  The  Big  5  Miu.  Co., 
Boulder  Coimty,  Colo. 

Present  position:  Stationary  Engr.,  The  Big  5  Min.  Co. 

Burnie  L.  Benbow,  Cleveland,  Ohio. 

Proposed  by  Zay  Jeffries,  Theron  D.  Stay,  R.  H.  Allport. 

Bom  1885,  New  Castle,  Ind.  1908,  Electrical  Engrg^,  Purdue  Univ.,  B.  8. 
1908-09,  Locomotive  and  Equipment  Inspector,  Penna.  K.  K. 

Present  position — 1909  to  date:  Mgr.,  Cleveland  TVlre  Div.,  National  Lftmp 
Works,  General  Electric  Co. 

Eliot  Blackwelder,  Urbana,  HI. 

Proposed  by  Ralph  E.  Davis,  W.  N.  Smith,  W.  O.  Hotchkiss. 

Bom  1880,  Chicago,  111.  1897-1903,  Univ.  of  Chicago,  A.  B.  1904,  Univ.  of 
Chicago,  Ph.  D.  1901-02,  U.  S.  Geological  Survey.  1903-05,  Camepe  Institution 
of  Washington.  1900-18,  Geol.,  U.  S.  Gteol.  Survey:  Asst.,  Univ.  of  Chicago.  1905- 
16,  Prof.,  tfniv.  of  Wisconsin.  1916,  Head  of  Dept.,  Univ.  of  Illinois.  1917,  Member, 
Cal.  State  Pet.  Committee.     1919,  Acting  Prof.,  Stanford  Univ.,  winter  quarter. 

Present  position:  Prof.. of  Geol.,  Univ.  of  Illinois. 

Cli£Ford  B.  Bronson,  New  York,  N.  Y. 

Proposed  by  P.  H.  Dudley,  E.  G.  Grace,  Charles  E.  Dinkey. 

Bom  1889,  Akron,  Ohio.  1903-07,  Austin  High  School  1909,  Lewis  Prep. 
1909-13,  Lewis  Institute,  B.  S.  in  M.  E.  1912-13,  Instmctor  and  Lab.  Asst.  m 
Physics,  Lewis  Institute  Evening  School. 

Present  position — 1913  to  date:  Mech.  and  Met.  Asst.  to  Dr.  P.  H.  Dudley,  Com. 
Engr.,  Rails,  Tires  and  Stmctural  Steel,  New  York  Central  Lines. 

Earl  Hamlin  Bunce,  Palmerton,  Pa. 

Proposed  by  James  M.  Bonsall,  Louis  A.  Wilson,  L.  S.  Holstein. 

Bom  1891,  Wolcott,  N.  Y.  1909-13,  Cornell  Univ.,  B.  C.  1913-17,  Met.,  Ne«r 
Jersey  Zinc  Co. 

Present  position — 1917  to  date:  Asst.  Chief,  Research  Division,  New  Jersey 
Zinc  Co. 

Samuel  Tames  Burns,  Jr.,  Denver,  Colo. 

Proposed  by  J.  C.  Roberts,  M.  F.  Coolbaugh.  I.  A.  Palmer. 

Bom  1893,  Pueblo.  Colo.  1915,  Colorad  .  School  of  Mines,  E.  M.  1912,  Drafts- 
man, Pueblo  Found.  &  Mach.  Co.,  Pueblo,  Colo.  1914,  Assayer,  Incas  G.  M.  *  M. 
Co.,  La  Plata  City,  Colo.  1915,  Shift  Boss,  Oro  Grande  Mm.  Co.,  Siskiyou  Oty. 
Cal.  1916,  Ener.,  Valley  View  Cons.  G.  Min.  Co.,  Hesperus,  Colo.  1916-l7» 
Supt.,  Incas  Gold  Min.  Co.,  Hespems.  Colo.  1917-18.  Supt.,  Boston  &  Arkansas  Mia. 
Co.,  Gillham,  Ark.     1918,  Officers*  TrainingSchool,  U.  S.  Naval  Academy. 

Present  position— 1918  to  date:  Ensign  (T),  U.  S.  N.,  Bureau  of  Construction  and 
Repair,  Aircraft  Div.,  Spec.  Section. 

Demetrius  Edward  A.  Charlton,  New  York,  N.  Y. 

Proposed  by  W.  R.  Ingalls,  George  J.  Young,  Arthur  W.  Allen. 

Bom  1885.  Detroit,  Mich.  1901-03,  St.  John's  Military  Acad.,  Delafield,  Wis., 
1903-10,  Michigan  College  of  Mines,  E.  M.  1905,  Instmment-man  on  constr, 
Marquette  &  Southeastern  Ry.  Co.  1905-07,  Levelman,  Draftsman,  Asst.  Min. 
Engr.,  Oliver  Iron  Min.  Co.,  Hibbing  &  McKinley,  Minn.  1908,  Asst.  Min.  £n|r., 
Verona  Min.  Co.,  Palatka,  Mich.  1909-10,  Sampling  Dept.,  Detroit  Copper  Co., 
Morenci,  Ariz.  1910-11,  Assayer,  Chief  Cons.  Mm.  Co.,  Eureka,  Utah.  1911-12, 
Min.  Engr.  and  Assayer,  Victoria  Cons.  Min.  Co.,  Eureka,  Utah.  1912,  Assaver, 
Chief  Cons.  Min.  Co.,  Eureka,  Utah.  1912-14,  Min.  Engr.,  Ohver  Iron  Min.  Co., 
Virginia,  Minn.     1914-17,  Safety  and  Efficiency  Engr.,  O.  I.  M.  Co.,  Virginia,  Minn. 

Present  position:  Editorial  Staff,  Engng,  A  Min,  JnL 
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Otto  Lindsay  Collier,  Mullens.  W.  Va. 

Proposed  by  Ernest  M.  Merrill,  John  Stewart,  Thomas  H.  Clagett. 

Bom  1880,  Uniontown,  Pa.  1898,  Grad.,  Uniontown  High  School.  1899,  Grad., 
Kiflhiminetas  Springs  Prep.  School.  189&-1900,  Cornell  Univ.  1900-04,  Min. 
Transitman,  Engrg.  Dept.,  K  C.  Frick  Coke  -Co.,  Scottdale,  Pa.  1904-07,  Min. 
Transitman,  Hogg  &  Porter,  Engrs.,  Uniontown,  Pa.  1907-08,  Transitman  on  Constr. 
of  Govt,  coal  bunker,  Engrg.  Dept.,  San  Francisco  Bridge  Co.,  San  Francisco,  Cal. 
1908-09,  Asst.  to  Chief,  Porcupme  Gold  Min.  Co.,  Porcupine,  Alaska.  1909-13, 
Chief  of  party  on  irrigation  and  subdivision  of  lands,  Canayan  &  Mitchell,  Cons. 
Engrs.,  Victoria,  B.  C.  1913-1^,  Charge  of  mines  and  municipal  work,  E.  C.  Baker 
Engrg.  Co.,  Uniontown,  Pa. 

Present  position — 1915  to  date:  Res.  Engr.,  charge  Mullens  Branch,  E.  M.  Merrill 
Engrg.  Co.,  Beckley  and  Mullens,  W.  Va.,  Sec'yi  E.  M.  Merrill  Engrg.  Co. 

John.  Newman  Davis,  Engelmine,  Cal. 

Proposed  by  Henry  Hanson,  Roy  H.  Elliott,  Jules  Labarthe. 

Boip  1884,  Dayton,  Nev.  1900-04,  Carson  High  School.  1904-08,  Nevada 
School  of  Mines,  B.  S.  1912-14,  Mill  Foreman,  Pittsburgh  Silver  Peak  Gold  Min. 
Co.,  Blair,  Nev.  1914-16,  Mill  Supt.  of  same  Co.  1916-18,  Assayer,  Flotation 
Operator  and  Supt.,  Engels  Copper  Min.  Co.,  Engelmine,  Cal. 

Present  position:  Mm  Supt.,  Engels  Copper  Mm.  Co. 

WflUam  Rudolph  Doell,  Benham,  Ky. 

Proposed  by  A.  C.  Oberg,  H.  I.  Pearl,  Edward  Prosper  McCarthy,  John  Uno 
Sebenius. 

Bom  1884,  Minneapolis,  Minn.  1904-05.  School  of  Mines,  Univ.  of  Minnesota. 
1905-^,  Asst.  Engr.,  Adams  mine,  Eveleth,  Minn.  1906-07,  Engr^  Stephens  mine, 
Aurora,  Minn.  1907-13,  Asst.  Engr.,  Adams  District,  Oliver  Iron  Min.  Co^  Eveleth, 
Minn.  1913-18,  Isrt  Asst.  Chief  Engr.,  Adams  District,  Oliver  Iron  Min.  Co.  1918, 
Min.  Engr.  and  Geol.,  J.  F.  Wolflf. 

Present  position — 1918  to  date:  Chief  Engr.,  Coke  Wks.,  Wisconsin  Steel  Co, 

Glenn  Hall  Dukes,  Columbus,  Ohio. 

Proposed  by  S.  B.  Belden,  F.  A.  Ray,  J.  H.  Frantz. 

Bom  1867,  Benton  Ridge,  Ohio.  1884,  Grad.,  High  School,  Ada,  Ohio.  1887, 
Ohio  Northem  Univ.,  B.  S.  1887-90,  Kramer  &  Loll,  Architects.  1890-92,  Drafts- 
man Western  Ry.  1894,  Asst.  Engr.,  Preliminary  R.  R.  Survey.  1895,  Deputy 
County  Surveyor,  Northem  Ohio.  1899-1902,  Asst.  Engr.,  H.  V.  Ry.  1902-03, 
Asst.  Engr.,  Buckeye  Coal  k  Ry.  Co.  1903-07,  Principal  Asst.  Engr^  H.  V.  Ry. 
1907-17,  Chief  Engr.,  Sunday  Creek  Coal  Co.  and  Buckeye  Coal  &  Ry.  Co. 

Present  position:  Chief  Engr.  of  above  companies. 

Bert  William  Dyer,  Washington,  D.  C. 

Proposed  bv  George  S.  Rice,  R.  R.  Homor,  E.  A.  Holbrook. 

Bom  1884,  St.  Paul,  Minn.  1906-09,  Montana  School  of  Mines.  1909-10,  Univ. 
)f  Utah,  B.  S.  1911,  Chainman;  1911-12,  Transitman  and  Engr.;  1912-15,  Mine 
Foreman,  Northwestern  Improvement  Co.  1915,  Miner;  1915-16,  Sampler; 
1916-18,  Shift  boss.  Anaconda  Copper  Min.  Co.  1918-19,  Asst.  Mine  Safety  Engr., 
[J.  S.  Bureau  of  Mines. 

Present  position:  Min.  Engr.,  U.  S.  Bureau  of  Mines. 

Charles  Ernest  Evans,'  Murray,  Utah. 

Proposed  by  W.  W.  Norton,  J.  B.  Mcintosh,  A.  L.  Labbe. 

Bom  1880,  Chicago,  111.  Completed  the  entire  mech.  engrg.  course  of  the  Inter- 
lational  Correspondence  School.  1903-08,  Draftsman,  Link  Belt  Co.,  of  Chicago. 
.908-12,  Draftsman,  Checker  and  Designer,  Stephens  Adamson  Mfg.  Co. 

Present  position — 1912  to  date:  Chief  Draftsman,  American  Smelt.  &  Refin.  Co., 
Ilurray,  Utah. 

Donald  Patton  Falconer,  Cleveland,  Ohio. 

Proposed  by  Daniel  Gushing,  Roy  A.  Hunt,  H.  C.  Parmelee. 

Bom  1883,  Warren,  Pa.  1898-1901,  Warren  High  School.  1901-05,  Univ.  of 
^^iseomsin.  B.  8.,  C.  E.  1905-09,  Pennsylvania  Railroad;  1905.  Office  of  Chief  Engr. 
if aintenance  of  Way,  Northwest  System,  Pennsylvania  Lines  West,  Pittsburgh,  Pa. ; 
905,  Charge  of  Constr.,  12-stall  Engine  House,  Mansfield,  Ohio.  1906.  Returned  to 
Pittsburgh  pffice;  1906,  transferred  to  Office  of  Engr.,  Maintenance  or  Way,  Erie  & 
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Ashtabula  Div.,  Pennsylvania  Lines  West,  New  Castle,  Pa.  1908,  Asst.  on  Engrg. 
Corps.,  office  of  Engr.  of  Maintenance  of  Way,  Louisville,  Kv.  1909,  Asst  Enp., 
Maintenance  of  Way,  New  York  State  Railways,  Rochester,  iJ.  Y.  1912-18,  Engr., 
Maintenance  of  Way. 

Present  position — 1918  to  date:  Sales  Agent,  Shawinigan  Electro-Metals  Co.,  I^d 

Paul  Vance  Faragher,  Pittsburgh,  Pa. 

Proposed  by  Ravmond  F.  Bacon,  Oscar  E.  Harder,  Jesse  L.  Jones. 

Born  1888,  Sabetha,  Kans.  1905-10.  Univ.  of  Kansas.  1910-12,  Mass.  Inst,  of 
Tech.  1912-13,  Univ.  of  California,  A.  B.  and  Ph.  D.  1913-18,  Asst.  Prof.,  Chem- 
istry, Univ.  of  Kansas.     1918,  Assoc.  Prof.,  Chem.,  Univ.  of  Kansas. 

rresent  position:  Research  Fellow,  Mellon  Inst.,  Univ.  of  Pittsburgh. 

Russell  Pejrton  Fitch,  Monarch,  Wyo. 

Proposed  by  W.  D.  Waltman,  Max  W.  Ball,  Charles  T.  Lupton. 

Bom  1887,  Montserrat,  Mo.  1907,  Grad.,  High  School,  Warrensburg,  Mu. 
1908-11,  Univ.  of  Missouri.  1911-12,  Missouri  School  of  Mines,  RoUa,  Mo.  1912. 
Asst.  City  Engr.,  Warrensburg,  Mo.  1912-14,  City  Engr.,  Warrensburg,  Mo.  1915, 
General  Engr.  work  in  southwest  Missouri,  incluaing  municipal  engrg.,  min.  engrg. 
and  railroad  work,  designing,  surveying,  map  drafting,  mining. 

Present    position — 1915    to    date:    Min.    Engr.,    Monarch    Coal    Min.   Co. 

»  

Lawford  Howard  Fry,  Bumham,  Pa. 

Proposed  by  A.  A.  Stevenson,  Frank  D.  Carney,  Guilliaem  Aertsen. 

Bom  1873,  Richmond,  Quebec.  188^-90,  Bedford  Grammar  School.  1892,  Gty 
Guilds  of  London.  1894-97,  Hannover  Polytechnikum.  1899-1905,  Engr.  m  saki 
dept.,  Baldwin  Locomotive  Works.  1905-13,  European  Technical  Representative, 
Baldwin  Locomotive  Works. 

Present  position — 1913  to  date:  General  Inspector,  Standard  Steel  Works  Co.- 
Bumham,  Pa. 

F.  Park  Geyer,  Ponca  City,  Okla. 

Proposed  by  Irving  Perrine,  S.  L.  Galpin,  Frank  Buttram. 

Born  1891,  South  Haven,  Kans.  1912-16,  University  of  Okla.  191fr-17,  b- 
structor  on  Northwestern  State  Normal  School,  Alva,  Okla.  1917-18,  GeoL,  Empire 
Gas  &  Fuel  Co. 

Present  position:  Chief  Geol.,  Masland  Refining  Co. 

Rea  Calvin  Helm,  Worcester,  Mass. 

Proposed  by  Edwin  H.  Peirce,  E.  S.  Moore,  Charles  P.  Turner. 

Bom  1890,  Greene,  Pa.  1903-07,  Steelton  High  School.  Steelton,  Pa.  1909-13, 
The  Pennsylvania  State  College,  S.  B.,  M.  E.  1908-09,  Clerk,  Chief  Bagrs.  Offict 
The  Pennsylvania  Steel  Co.,  Steelton,  Pa.  1913  to  date,  Research  work,  physical 
laboratory,  American  St-eel  &  Wire  Co.,  Worcester,  Mass. 

Present  position :  Chief  of  Physical  Laboratories. 

Oliver  P.  Hess,  Du  Bois,  Pa. 

Proposed  by  Walter  Fahringer.  W.  S.  Ayres,  Albert  D.^Oberly, 

Bora  1879,  Fishing  Creek,  Pa.  1895,  Common  School,  Pa.  1895-97,  Hi|A 
School,  Hazelton,  Pa.  1898-99,  State  Normal  School,  Bloomsburg,  Pa.  189^1901, 
Public  School  Teacher,  Fishing  Creek,  Pa.  1901-02,  Rodman,  New  York  C.  k 
H.  R.  R.  R.  1902,  Rodman,  Pittsburgh,  Shawmut  &  Northern  R.  R. ;  1902,  Rodman, 
Wilkes-Barre  &  llazelton  Ry.  1902-03,  Transitman,  Raleigh  A  Western  R.  R. 
1903,  Transitman,  West  Penn.  Ry.  Co.  1904,  Lehigh  Valley  Coal  Co.,  Wilkes-Barw 
Pa.  1904-05,  Erie  R.  R.,  Transitman.  1905-12,  Ilesident  and  Asst.  Engr.,  W«l , 
Penn.  Rys.  Co.  1912-14,  Div.  Engr.,  West  Penn.  Rys.  Co.  1914-18,  Genl  Supt., 
West  Penn.  Rys.  Co. 

Present  position — 1918  to  date:  Associated  with  E.  W.  Hess,  Clearfidd  and  Da 
Bois,  Pa.     Civil  and  Min.  Engr. 

Robert  Scott  HUl,  Rapid  City,  So.  Dak. 

Proposed  by  C.  C.  O'Harra,  Charles  H.  Fulton,  Frank  R.  Van  Horn.  i 

Born  1884,  Easthampton,  Mass.     1909-14,  So.  Dak.  School  of  Mines,  B.  S,,  M.  E, 

Summers,  laborer  in  Homestake  and  other  Black  Hills  mines  during  school  interrals. 

1914,  Assayer,   Bismarck  Cons.  Mines  Co.,  So.  Dak.     1914-15,   Roustabout  aod 
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Asst.  Engr.,  Socorro  M.  A  M.  Co.,  MogoUon,  N.  Mex.     1915-18,  Engr.,  Soci6t^ 
International  Fores ti^re  et  Mini^re  du  Congo,  Tshikapa,  Kasai,  Congo  Beige. 
Present  position:  Unattached. 

Joseph  Leonidas  James,  Sego,  Utah. 

Proposed  by  J.  H.  McChrystal,  J.  B.  Ambler,  B.  B.  Brewster. 

Bom  1876,  Madisonville,  Tenn.  1895,  Hamilton  Inst.,  Mendota,  Va.  1895- 
1900,  Asst.  to  Sec'y,  and  Gen'l  Mgr.,  Stony  Creek  Lbr.  Co.  1900-03,  Mine  Supt., 
Seaboard  Coal  Co.  1904-07,  Private  engrg.  practice  in  different  localities.  1908-<)9, 
Asst.  Engr.  and  Supt.,  Cia  Carbonifera  de  I^unpacitos,  S.  A.,  Baluarte,  Coah.,  Mexico. 
1910,  Supt.,  Rocky  Mt.  Fuel  Co.  1911-16,  Constr.  Foreman,  Electric  Bond  &  Shares 
Co.    1917,  Supt.,  American  Asphalt  Assn. 

Present  position — 1918  to  date:  Gen'l  Supt.,  American  Fuel  Co.  of  Utah. 

John  Alexis  Korsookeen,  New  York,  N.  Y. 

Proposed  by  Robert  S.  Botsford,  Fedor  F.  Foss,  J.  B.  Landfield,  J.  A.  Meyero- 
vitch. 

Born  1871,  Petrograd,  Russia.  1881-91,  Petrograd  Gymnasium.  1891-96, 
Russian  Min.  Inst.  Russian  M.  E.  1896-97,  Engr.  in  chg.  and  Supt.,  lead  mine  in 
No.  Caucassus.  1897,  Engr.  Supt.,  South  Russian  blast  furnaces.  1897-98,  Super- 
vising Engr.,  Volga  Steel  Works.  1898-1900,  Chief  Engr.  for  making  researches 
(Tin  and  Naphtha);  1900,  Engr.  in  chief,  geol.  studies  in  Ural.  1900-06,  Asst.  Prof, 
and  Prof,  in  ore  deposits,  Russian  Min.  Inst.,  Petrograd,  Russia;  1903,  Mgr.,  Expedi- 
tions to  Ichuxtze  Peninsula.  1906-17,  Min.  Advisor,  Russian  Ministry  of  Finances. 
1912-17,  Min.  Exjjert,  Ministry  of  Trade  and  Commerce.  1917,  Member,  Scientific 
Board  for  Mining  in  Russia. 

Present  position:  Cons.  Engr. 

Paul  EtUmpievitch  KovalofF,  New  York,  X.  Y. 

Proposed  by  Robert  S.  Botsford,  Fedor  F.  Foss,  J.  B.  Landfield,  J.  A.  Meyero- 
vitch. 

Bom  1876,  Jaroslawl,  Russia.  1887-95,  Jaroslawl  Gymnasium.  1895-1900, 
Russian  Min.  Inst.,  Petrograd,  Russia.  Russian  M.  E.  1900-03,  Asst.  Geol., 
Geological  Committee  (Russian  Geol.  Survey).  1904-10,  Asst.  Prof.,  Min.  Inst.. 
Petrograd,  Russia.  1910-16,  Mgr.,  Section  of  Gold  Min.,  Min.  Dept.,  Ministry  of 
Frade  and  Industry.  1915-17,  Vice  Director,  Min.  Dept.,  Ministry  of  Trade  and 
Industry. 

Present  position :  Cons.  Engr. 

Frederick  Kruse,  New  York,  N.  Y. 

Proposed  by  James  F.  Kemp,  Charles  P.  Berkev,   Robert  Peelc. 

Bom  1880,  Central  City,  Colo.  1888-96,  Central  City  Public  Schools.  1896- 
900,  Central  City  High  School.  1901-03,  Univ.  of  Denver,  Colo.  1903-07,  Col- 
imbia  Univ..,  School  of  Mines,  E.  M.  1907-09,  Private  instruction  in  engrg.  to  King- 
on  Gould.  1910-12,  Statistician  to  Prcs.,  Missouri  Pac.  Ry.  1912-14,  Sec'y  to 
*res..  Cons.  Coal  Co.  of  St.  Louis;  Sec'y  to  Pres.,  The  Western  Coal  &  Min.  Co. 
915^16,  Pres.,  Furlough  Dev.  Co.,  Maricopa,  Ariz.  1914  to  date,  Asst.  to  Pres., 
ad  Director,  Cons.  Coal  Co.  of  St.  Louis.  As  Asst.  to  Pres.,  have  had  responsible 
barge  of  policy  and  general  operations  of  company's  mines  in  111.  1910-18,  Have 
cted  as  Min.  and  Cons.  Engr.  for  George  J.  Gould,  and  have  examined  and  reported 
Q  numerous  coal  and  metalliferous  properties. 

Present  position:  Asst.  to  Pres.,  and  Director,  Cons.  Coal  Co.  of  St.  IjouIs. 

Frederic  Henry  Lahee,  Dallas,  Tex. 

Proposed  by  Jerome  A.  Chevalier,  C.  L.  Severy,  W.  R.  Hamilton. 

Bom  1884,  Hingham,  Mass.  1903,  Brookline  High  School.  1903-07,  Harvard 
oll^e,  A.  B.  1907-11,  Harvard  Graduate  School,  A.  M.  and  Ph.  D.  1906-09, 
Bst.  in  Geol.     1909-12,  Instructor  in  Geol.,  Harvard  College.     1908-18,  Instructor 

Geol.,  Wellesley  College.  1912-14,  Instructor  in  Geol.;  1914-18,  Asst.  Prof., 
[ass.  Inst,  of  Tech.  1913,  summer.  Geologic  Aid,  U.  S.  Geological  Survev,  Sierra 
evada.  1916,  summer,  Head  of  Camp,  Harvard  Summer  School  in  Geol.  1917, 
mmery  Chief  of  party,  petroleum  investigations  in  W.  Va.  and  Ohio.  1918,  sumnior, 
hief  of  party,  i>etroleum  investigations  in  North  Texas  for  Sun  Co. 

Present  position:  Assoc.  Geol.,  Sun  Co. 
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Frank  Pmney  Longmire,  British  Isles. 

Proposed  by  R.  £.  Palmer,  Frank  Merricks,  T.  £.  Mitchell. 

Bom  1882,  Moresby  Nr.  Whitehaven.  1899-06.  Student  apprentice,  WorkingtoD 
Hein  Iron,  Steel  &  Coal  Co.,  Ltd.,  Workington,  Cumoerland,  Eng.;  Pattemm^erwith 
same  compaxiy;  Drawing-office  work  in  connection  with  mines,  Kaslin  Mina,  R. 
Fayle  &  Co.,  Dorset;  Lab.  work  with  blast  and  Siemens  furnaces;  2  yr.  as  asst.  1906- 
09,  Engr.  Assayer,  Messers.  Harry  DougaU  &  Co.  1909-10,  Asst.  Mgr.,  EmjpreaBaE 
Bomer.  La  lima  mine.  El  Pedroso  Prov.  de  Sevilla,  Spain.  1910-14,  The  Rio  Tinto 
Co.  Ltd;  Rio  Tinto,  Spain.    1914,  Royal  Engineers. 

Present  position:  Capt.,  Royal  Engineers. 

Arthur  Byron  Maxwell,  Chico,  Tex. 

Proposed  by  A.  D.  Sproat,  Marion  L.  Thomas,  A.  W.  Hahn. 

Bom  1882,  Chico,  Tex.  1909-12,  Missouri  School  of  Mines.  1904-05,  Miner, 
Cananea  Cons.  Copper  Co.,  Cananea,  Son.,  Mexico.  1905-06,  Cyanide  Dept.. 
Esperanza  Min.  Co.,  El  Oro,  Mexico.  1907,  Shift  Boss,  cyanide  plant,  Guanajnito 
Cons.  M.  &  M.  Co.,  Guanajuato,  Mexico.  1907--08,  Cyanide  Dept.,  El  Oro  Min.  k 
Railway  Co.,  El  Oro,  Mexico.  1908-09,  Mill  and  Cyanide  Shift  Boss^Esperanza  Min. 
Co.,  El  Oro.  Mexico.  1909,  Cyanide  Shift  Boss,  Ventanas  Min.  &  E^cploration  Co., 
Ventanas,  Dgo.,  Mexico.  1910,  Assayer  Chem.,  Reforma  Min.  &  MOI.  Co.,  Campo 
Morado  Guer.,  Mexico.  1911,  Mill  and  cyanide  Shift  Bo.ss,  Peregrina  Gold  Mm. 
Co.,  Guanajuato,  Mexico.  1912,  Short  jobs,  mine  examination  and  surveying. 
1912-13,  Mme  Supt..  Neispa  Copper  Co.,  ManzaniUo^  Mexico.  1914-16,  ^Q>en- 
mental  plant  and  mill  sampling.  Miami  Copper  Co^  Miami,  Ariz.  1916-17,  Cbem. 
and  Surveyor,  Santa  Fe  Gold  A  Copper  Co.,  San  Pedro,  N.  Mex.  1917,  Mill  and 
Cyanide  Supt.,  Dayton  Placer  Recovery  Corpn.,  Da3rfcon,  Nev.  1918,  Mill  Supt, 
National  Pyrite  &  Copper  Co.,  Pyriton,  Ala.     1918,  Elnlisted  in  U.  S.  Army. 

Present  position:  Disengaged. 

Charles  R.  Meissner,  Jersey  City,  N.  J. 

Proposed  by  Carl  A.  Meisener,  J.  A.  Ruilabo,  J.  H.  Grav. 

Bom  1889,  Sterlington,  N.  Y.  1912,  Grad.,  Cornell  iJniv.,  C.  E.  1912,  Min. 
En^.,  Oliver  Iron  Min.  Co.,  Eveleth,  Minn.  1914-16.  Operator  and  foreman, 
various  positions,  blast  furnace  and  coke  plants.  Inland  Steel  Co.,  Indiana  Harbor, 
Ind.     1917,  Asst.  Supt.,  coke  plant.  Belle  Iron  Works,  Steubenville,  Ohio. 

Present  jK)8ition — 1918  to  date:  Experimental  Engr.,  The  Koppers  Co.,  Pitts- 
burgh, Pa. 

Everett  C.  Parker,  Ponca  City,  Okla. 

Proposed  by  Irving  Perrine,  S.  L.  Galpin,  Frank  Buttram. 

Bom  1891,  Hennessey,  Okla.  1910-14,  Major,  Geol.,  Oklahoma  Univ.,  A  B. 
1914-16,  Instructor  in  science  and  math.,  Kiefer  High  School.  1916-17,  Fidd  GeoL, 
Marland  Oil  Co.  1917-18,  Resident  Subsurface  UeoL  Empire  Gas  &  Fuel  Ou 
El  Dorado,  Kans.     1918,  Coast  Artillery  School,  Fort  Monroe,  Va. 

Present  position — 1918  to  date:  Chief  of  Subsurface,  Geol.,  Marland  Refin.  Co- 
Walter  F.  Rittman,  Pittsburgh,  Pa. 

Proposed  by  Van  H.  Manning,  George  S.  Rice,  C.  B.  Dutton. 

Bom  1883,  Sandusky,  Ohio.  Swartnmore  College  and  Columbia  Univ.,  C.  BL, 
Ph.  D.  1908-10,  Chem.,  U.  G.  I.,  Philadelphia,  Pa.  1910-12,  Cons.  Chem.  Engr., 
Philadelphia,  Pa. 

Present  position — 1912  to  date:  Chem.  Engr.  of  own  Company,  also  Cons.  Chem. 
Engr.,  U.  S.  Bureau  of  Mines. 

Edgar  Wilson  Smith,  Washington,  D.  C. 

Proposed  by  D.  Cole,  R.  C.  Nowland,  Frank  H.  Probert,  John  Alden  Giimea^ 
W.  R.  Appleby. 

Bom  1882,  Minneapolis,  Minn.  1902,  Minneapolis  Hkh  School.  1902-07. 
Univ.  of  Minnesota,  E.  M.  1905,  summer,  Mucker  and  Trammer,  Calumet  t 
Arizona  Min  Co.,  Bisbee,  Ariz.  1906,  summer,  Miner,  Machineman  under  grcHuA^ 
Asst.  Surveyor,  Old  Jordan  and  Highland  Boy  mines^  Bingham,  Utah.  1997-01^ 
Miner  and  Timberman  Quartette  Min.  Co.,  Searchlight,  Nev.  1909-10,  Staf' 
Arizona  Mascot  mine,  Crown  Kingi  Lake  Superior  &  Nevada  Dev.  Co.  191  l-i 
Supt.  and  Engr.,  Mammoth  mine,  Goldfield.  Ariz.  1911-15,  U.  S.  Mineral 
for  Arizona.     1915  to  date,  Member,  Bisseli  &  Smith,  Westville,  CaL 

Present  position — 1917  to  date:  Ist  Lieut.,  Engrs.,  U.  S.  A. 
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Silas  Clifford  Stathers,  Shreveport,  La. 

Proposed  by  Alan  Bruyere,A.  Faison  Dixon,  H.  B.  Goodrich. 

Bom  1871,  Alma,  W.  Va.  West  Virginia  Univ.,  B.  S..  C.  E.  1895-97,  Qty  Engrs. 
Office,  Wheeling,  W.  Va.  1897.  South  Penn.  Oil  Co.,  W.  Va.  1901-03.  Geni  Engr., 
coal  field,  W.  Va.  190»-O5,  Min.  Engr..  J.  H.  Weaver,  Philadelphia,  Pa.  1906-08, 
Gen'l  Engrg.  GeoL,  A.  Cummins.  Purchasing  coal  for  U.  S.  Steel  Corpn.  1911-13, 
GeoL,  American  Pet.  Co.  1913,  Geol.,  South  Penn.  Oil  Co.-  1914,  GeoL,  Hope  Gas 
Co.     1914-17,  Geol.,  Romano-Americano  Co. 

Present  position — 1917  to  date:  Chief  GeoL,  Standard  Oil  Co.  of  La. 

Randall  Cross  Stewart,  Shreveport,  La. 

Proposed  by  Charles  R.  Eckes,  Alan  Bruyere,  Eugene  W.  Shaw. 
Bom  1881,  High  Rock,  Pa.     Stewartstown  College,  Stewartstown,  Pa.     1907-18, 
Asst.  Gen'l  Supt.  and  in  charge  of  field  work,'  Producing  ^E!]^*'  "^^  Texas  Co. 
Present  position:  Asst.  Gen'l  Supt.,  Louisiana  Division,  The  Texas  Co. 

Rupert  Octavius  Stokes,  Surrey,  England. 

Proposed  by  J.  Thame.  J.  Mitchell  Roberts,  William  Russell. 

Bom  1887,  Woodford  Essex,  England.  Educated  at  Sir  George  Mononx  Grammar 
School,  Walthamstow,  England.  1902,  Pupil;  1905,  Drafts  man,  The  East  Ferry 
Road  En^rg.  Works  Co.,  Ltd.,  London,  E.  1907,  Went  to  Canada.;  1907,  Inter- 
colonial Ry.  1908,  Asst.  to  Chief  Draftsman,  John  Inglis  Co.,  Toronto.  1910, 
Draftsman;  1912,  Chief  Draftsman  and  Engr^  The  Wimey  Co.,  London.  1913, 
In  charge  of  erection  of  concentrating  plant  in  Norway,  designing  and  concentrating 
plants  in  England.     1916,  Joined  H.  M.  Forces  as  Engr.,  Lt.  Royal  Indian  Marine. 

Present  position:  Asst.  Engr.  to  Charles  Butters  &  Co.,  London. 

D.  Dee  TeetSjiTr^  Buckhannon^  W.  Va. 

Proposed  by  W.  L.  Cuming,  Hubert  Merryweather,  C.  A.  Buck. 

Born  1876.  Buckhannon,  W.  Va.  1893-99,  W.  Va.  Conference  Seminaxy.  1899- 
1905,  West  Vireinia  Univ.  1904,  W.  Va.  Wesleyan  College.  1902-03,  Transitman, 
fielingion  &  Northern  R.  R.  Co.  1903-04,  Transitman,  and  Asst.  Res.  Engr.  on 
revised  location  and  const,  for  the  Little  Kanawha  R.  R.  Co.  1904-05,  Special  engrg. 
work  in  W.  Va.  Univ.  1905.  Precise  Levelman,  U.  S.  Geological  "Survey.  1905-06. 
Pile  Recorder,  Appalachian  Cfolo.  R.  R.  Co.  1906,  Precise  Levelman,  U.  S.  Geological 
Survey.  1906-08,  Transitman  and  Asst.  Res.  Enflpr.,  R.  R.  location  and  const., 
Cananea  Rio  Yaoui  and  P.  R.  R.  Co.  1908-11,  Rec3  estate  business,  general  engrg. 
work.      1911-16,  Field  Asst.,  West-Va.  Geological  Surv^. 

Present  position — 1916  to  date:  Engr.  and  Asst.  to  W.  L.  Cumings,  GeoL,  Beth- 
lehem Steel  Co. 

Lee  Stone  Twomey,  Cleveland,  Ohio. 

Proposed  by  Zay  Jeffries,  Theron  D.  Stay,  R.  H.  AUport. 

Bom  1886,  Jeffersonville,  Ind.  Electrical  Engrg.,  Purdue  Univ.,  B.  S.  1909-19, 
General  engrg.  experience  with  National  Lamp  Works,  G^ieral  Electric  Co.  1914-19, 
In  chaj'ge  of  designing,  construction  and  operation  of  apparatus  for  production  of 
tunsnten  and  molybdenum  and  mfg.  of  products. 

Present  position:  Engr.,  Cleveland  Wire  Div.,  National  Lamp  Works,  General 
Electric  Co. 

Francis  M.  Van  Ttr^l,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  Ziegler,  V.  C.  Alderson. 

Bom  1887,  Denmark,  Iowa.  1915,  Univ.  of  Iowa,  B.  A.  M.  S.  Columbia  Univ., 
Ph.  D.  1911-12,  Asst.,  geol.  and  mineralogy,  Univ.  of  Iowa.  1912-13,  Fellow  in 
peoLy  Columbia  Univ.  1912,  summer,  GeoL,  Iowa  Geol.  Survey.  1913-14,  Asst. 
in  geol.y  Columbia  Univ.  1914-15,  Research  in  Univ.  of  Chicago  for  State  Geol. 
Survey  of  Iowa,  DL,  and  Mo.  1915-17,  Instructor  in  geol.  and  mmeralogy,  Univ.  of 
ID.  1916,  s\unmer,  Geol.,  Univ.  of  111.  Hudson  Bay  Exploring  Expedition.  1918, 
Buminery  Ueol.  for  Metropolitan  Exploration  Co.  in  oil  fields  of  Kansas  and  Okla. 

Present  position — 1917  to  date:  Assoc.  Prof.,  Colorado  School  of  Mines. 

JobJi  Calvin  WilHama.  Ridgway,  Pa. 

Proposed  by  E.  W.  Hess,  H.  M.  Kanarr,  G.  F.  Dunkle. 

Bom  1852,  Richardsville,  Pa.  1870,  Common  School.  1898-1907  Geol.  for 
N.  T.  Arnold.  1907-10,  Geol.  for  Samuel  Murphy,  Okla.  1910-12,  Clansan  Silver 
Min.  Co.,  Elk  Lake,  Canada.  1913-14,  Geol.  on  coal  for  R.  W.  Beadle.  1914,  Coal 
»ii  and  gas  fields,  Pennsylvania  and  West  Va.  1915-16,  Geol.,  Whitman  Steele  Co. 
ind  Hftnley  Bird  Oil  Co. 

Present  position — 1917  to  date:  Cons.  Geol.,  The  Elk  Fire  Brick  Co.,  St.  Marys,  Pa. 
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Henry  Bllsworfh  Wood,  Denver,  Colo. 

Proposed  by  J.  V.  N.  Dorr,  W.  K.  Ingalls,  John  C.  Montgomery. 

Bom  1855,  Joliet,  111.  1873,  Sheffield  Scientific  School  of  Yale  College,  Ph.  B. 
187&-1919,  In  Colo,  conducting  a  general  assaying  and  chemical  laboratory.  1876- 
78,  Boulder,  Colo.  1878-87,  Leadville,  Colo.  1887-1919,  Denver,  Colo.  18fl8, 
Started  the  Henry  E.  Wood  Ore  Testing  Co.  Erected  and  operated  various  mills  in 
Colo.,  CaL,  Oregon,  Canada,  etc. 

Present  position:  Pres.,  Henry  E.  Wood  Ore  Testing  Co. 

Joseph  Hyman  Woolf ,  Jr..  Chosen,  Korea. 

Proposed  by  A.  R.  W^eigall,  J.  Mitchell  Roberts,  D.  W.  Leeke. 

Bom  1890,  Greeley,  Colo.  1896-1908,  Greeley  Public  School.  1908-14,  Colo- 
rado School  of  Mines,  E.  M.  1911-12,  Waste  Gang,  Homestake  Min.  Co.,  Lead, 
S.  Dak.  1914-16.  Testing  Engr.  and  charge  of  Cottrell  Test  Plant.  Intehiationa] 
Smelt.  Co^  Tooele,  Utah.  1916,  Leasing,  Boulder  County.  In  charge  tunpten 
property,  Colorado.     1916-17,  Mill  Statistician. 

Present  position — 1917  to  date:  Prospecting  and  Development,  Seoul  Min.  Co. 


Aasociaiea 

Edmund  Guilford  Browii«  Rancagua,  Chile. 

Proposed  by  L.  T.  Higgins,  J.  H.  Lewis,  Ross  E.  Douglas. 

Bom  1890,  Medford,  Mass.  1904-08,  Medford  High  School.  1908-15,  Mas. 
Inst,  of  Tech.  1909,  summer.  Mucker,  Bunker  Hill  &  Sullivan  Min.  &  Concentrating 
Co.  1911,  summer,  Timberman's  Helper,  Utah  Apex  Min.  Co.  1912  summer. 
Millman  Utah  Apex  Min.  Co.  1915  to  date,  Asst.  Shift  Foreman,  Experimoitil, 
Acting  Mill  Met.,  Foreman  Retreatment  Plant,  and  Mill  Met.,  Braden  Copper  Co., 
Rancagua,  Chile,  S.  A. 

Present  position:  Mill  Met.,  Braden  Copper  Co. 

Barl  Adam  Trager,  Bartlesville,  Okla. 

Proposed  by  Everett  Carpenter,  L.  C.  Snider,  Alex.  W.  McCoy. 

Bom  1893,  South  Bend,  Ind.  1913-14,  Michigan  Agri.  College.  1914-15, 
Univ.  of  Nebraska.  1915-17,  Univ.  of  Chicago,  S,  B.  1917,  Field  surveying. 
Wyoming,  Empire  Gas  &  Fuel  Co.  1917  to  date,  in  charge  of  geol,  research  labora- 
tory. Empire  Gas  &  Fuel  Co. 

Present  position:  Asst.  Research  Geol.,  Empire  Gas  &  Fuel  Co. 

William  Paul  Zabel,  East  Cleveland,  Ohio. 

Proposed  by  Theron  D.  Stay,  Zay  Jeffries,  R.  H.  Allport. 

Bom  1886.  Sharon,  Wis.  1904,  Sharon  Public  School.  1905,  Univ,  of  Wia, 
B.  S.  1909,  Apprentice  Course,  Bullock  Works,  Allis  Chalmers  Co.,  CincinDati, 
Ohio.  1909-11,  Engrg.  Dept.,  National  Lamp  Works  of  General  Electric  Co.,  Xda 
Park,  East  Cleveland,  Ohio.  1911-15,  Foreman,  Cleveland  Wire  Division,  Genexil 
Electric  Co.,  Cleveland,  O. 

I      Present  position — 1915  to  date:  Engr.  in  charge  of  Wire  Laboratory,  Lamp 
Development  Laboratory,  National  Lamp  Works,  General  Electric  Co. 

Junior  Associates 

James  Yuen  Chan,  Columbus,  Ohio. 

Proposed  by  H.  E.  Nold,  Wm.  J.  McCaughey,  Frank  A.  Ray. 
Bora  1897.  Canton,   China.     1914-17,  Franklin  High  School.     1917-18,  Case 
School  of  Applied  Science. 

Present  position:    Student,  Ohio  State  University. 

Chtng-Lien  Chang,  Golden,   Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 
Born  1895,  Nanyang,  Honan,  China.     1908-13,  Secondary  School  of  Honan  Nor- 
mal College.     1913-18  Government  University  of  Peking. 
Present  position:  Student.  Colorado  School  of  Mines. 
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Chen-Te   Chuuiff.   Ck)lumbus,   Ohio. 

Proposed  by  H.  E.  Nold,  Wm.  J.  McCaughey,  Frank  A.  Ray. 
Bom  1896,  Shanghai,  China.     1912-16,  Fuh-Tan  College,  1916-18,  Univeraity 
of  Wisconsin. 

Present  position:  Student,  Ohio  University. 

Tse  Yue  Chow,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 

Bom  1895,  Yeyang,  Hunan.  China.  1905-09,  First  Grammar  School  of  Yeyang. 
1909-13,  Changsha  Union  Middle  SchooL  Hunan.  1913-16,  School  of  Mines, 
Hunan  Polytechnical  Institute.  1916-17,  Universit^r  of  California.  1914,  summer, 
Asst.  Surveyor  and  Chem.,  Ping-hiang  coal  mine,  Cmna.  1915,  summer,  Shua-kow- 
Shang  lead  and  zinc  mine.     1916,  Asst.  Mine  Inspector,  Hunan  Min.  Board. 

Present  position:  Student,  Colorado  School  of  Mines. 

Oscar  B.  Feldser,  State  College,  Pa. 

Ph>po6ed  by  Wm.  R.  Chedsey,  E.  8.  Moore,  C.  P.  Turner. 
Bom  1897,  Harrisburg,  Pa.     1917,  summer.  Helper^  Bethlehem  Steel  Co^  Steelton, 
Pli.,    1918,  summer,  Asst.  Met.,  American  Steel  &  Wire  Co.,  Worcester,  M^ass. 
Present  position:  Student,   Pennsylvania  State   College. 

Chee  Kin  Ho.  Columbus,  Ohio. 

Proposed  by  H.  E.  Nold,  W.  J.  McCaughey,  Frank  A.  Ray. 
Bom  1897,  Hong  Kong,  China.     1909-16,  Diocesan  School.     1916-18.  Univ.  of 
Qlinois.     1917,  summer,  foundry  work,  Gisholt  Machine  Co.,  Madison,  Wis. 
Present  position:  Student,  Ohio  State  Univ. 
Napoleon  Bonaparte  Larsh,  Rolla,   Mo., 
Proposed  by  Horace  T.  Mann,  C.  R.  Forbes,  G.  H.  Cox. 
Bom  1897,  Nebraska  City,  Neb.     1911-15,  Nebraska  City  High  School. 
Present  position:  Student,  Missouri  School  of  Mines  and  Met. 

Mardal  E.  Martinez,  Cambridge,  Mass. 

Proposed  by  H.  O.  Hofman^  Edward  E.  Bugbee,  Charles  E.  Locke. 
Bom  1896,  Antofagasta,  Chile.     1915,  Grad,  Escuela  de  Ingenieros  de  la  Armada 
le  Chile. 
Present  position:  Student,  Mass.  Institute  of  Technology. 

James  Walter  Scott,  Rolla,  Mo. 

Proposed  by  Horace  T.  Mann,  G.  H.  Cox,  C.  R.  Forbes. 

Bom  1899,  RoUa,  Mo.     1905-12,  Rolla  Public  School.    1912-15,  RoUa  High  School. 

Present  position:  Student,  Missouri  School  of  Mines. 

Walter  R.  WoUey,  So.  Bethlehem,  Pa. 

Proposed  by  Jos.  W.  Richards,  Howard  Eckfeldt,  Henry  S.  Drinker. 
Bom  1896,  Ocean  Grove,  N.  J.     1911-15,  Asbury  Park  High  School. 
Present  position:  Student,  Lehigh  University. 

Change  of  Status — Junior  to  Member 

Agustin  S.  Horcasitas,  Ecuador,  S.  A. 

Proposed  by  Henry  S.  Drinker,  Howard  Eckfeldt,  Benjamin  L.  Miller. 

Bom  1890,  Chihuahua,  Mexico.  1905,  Private  tutor.  1905-Q6,  Fordham  Prep 
ihool.  New  York,  N.  Y.  1906-09,  New  York  MiUtary  Academy.  1909-13,  Lehigh 
liv.,  M.  E.  1913,  Asst.  Engr.,  J.  R.  Countryman,  Cripple  Creek,  Colo.  1913-14. 
Bayer  and  Sampler,  Maxwell  Land  Grant  Co.,  Baldy,  New  Mexico.  1914,  Mill 
>reman,  Assa3^er,  Tonopah  Gold  Min.  Co.,  Sweetwater,  Nev.  1914-16,  In 
siness  in  Mexico.  1916-17,  Stope  Engr.,  Cananea  Cons.  Copper  Co.,  Cananea, 
nora,  Mexico.  1917^  Engrg.  Dept.,  Ray  Cons.  Copper  Co.,  Ray,  Aiiz.  1918, 
saver,  New  Jersey  Zmc  Co.    Palmerton,  Pa. 

Present  position — 1918  to  date:  Engr.,  South  American  Dev.  Co. 

Clark  Bailey  Carpenter,  Girard,  Kans. 

Proposed  by  C.  M.  Young,  Alfred  L.  O'Brien.  C.  D.  Demond,  E.  A.  Barnard. 

Bom  1888,  Girard,  Kans.  1904-08,  Girard  Hieh  School.  1908-10,  1913-15, 
igrg.  School,  Univ.  of  Kansas.  1910-11,  Colorado  Fuel  &  Iron  Co.  1915,  Ray 
ns.  Copper  Co.,  Ray,  Ariz.  1915-16,  In  charge  chem.  and  met.,  Kansas  State 
lool  of  Mines  and  Met.  1916-17,  Testing  dept..  Anaconda.  Copper  Min.  Co., 
aconda,  Mont. 
Present  position — 1917  to  date:  1st  Lieut.,  Co.  B,  23rd  Engrs.,  U.  S.  A. 
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SXJMMARY  OF  THE  TIN  SITUATION* 

The  tin  situation  in  this  country  continues  inactive  and  unsettled, 
caused  mainly  by  the  large  stocks  in  the  hands  of  the  Government  and 
of  large  consumers,  and  the  restrictions  on  imports,  except  ore  purchases 
by  domestic  smelters.  In  order  to  stabilize  the  erratic  market  which 
was  so  prevalent  during  the  first  half  of  1918,  announcement  was  made 
in  September  of  the  inter-allied  control.  By  this  arrangement,  buying 
in  the  primary  markets  was  done  by  Government  agencies,  and  no  tin 
could  be  imported  into  the  country  except  through  the  United  States 
Steel  Products  Co.  From  the  inter-allied  purchases,  there  was  allocated 
to  the  United  States  about  10,000  tons,  at  a  price  approximately  72,4  c. 
per  lb.,  f .  o.  b.  Eastern  points. 

It  is  estimated  that  the  consumption  of  tin  will  be  largely  curUdled 
during  1919,  and  probably  will  not  exceed  3,500  tons  per  month.  It  is 
thought  the  requirements  can  be  easily  suppUed  by  domestic  amelteis 
using  foreign  ores,  supplemented  by  the  stocks  now  on  hand. 

In  this  country  there  are  at  present  two  companies  prospecting  tin 
deposits— one  in  Rockbridge  Co.,  Va.,  and  the  other  in  the  Black  Hills, 
S.  Dak.  The  Virginia  deposit,  which  was  tied  up  in  a  legal  tangle,  was 
commandeered  by  the  War  Department,  and  later  turned  over  to  a 
Boston  company  to  develop.  Work  was  started  about  the  first  of 
October,  1918,  to  clean  out  some  of  the  old  workings,  and  was  atill 
under  way  at  last  report.  Near  Hill  City,  S.  Dak.,  the  Cowboy  mine, 
formerly  owned  by  the  Harney  Park  Company,  was  acquired  by  a  St. 
Louis  company  about  two  years  ago,  and  the  work  of  un watering  the 
old  shaft  was  begun.  Financial  difficulties  caused  the  work  to  be  sus- 
pended for  a  time,  but  it  was  recently  reported  again  under  way. 


A  soft  blue-white  diamond  weighing  388H  carats,  was  recently 
foimd  at  the  Jaegersfontein  mine.  Orange  River  Colony. 

The  Ambrine  treatment  for  burns  and  wounds  heals  without  sew 
contractures,  or  functional  disability,  and  lessens  the  period  of  coa- 
valescence.  It  is  used  as  a  standard  treatment  by  the  AlUed  and  Ameri- 
can armies. 


*  Report  of  Bureau  of  Mines. 
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STANDING  COMMITTEES 

Bs^cuHm — HoRACS  y.  WiNCHBLL,  ob*irin*n. 

if«m&«r«A«p— KABii  Eiudbs,  chairman. 

Fi9UMne§ — J.  V.  N.  Dobk,  chairman. 

Librarp — ^E.  Gtbboii  Spiudurt,  chairman. 

Paperm  and  PublieaUatu — Bhadlxt  drotraBTON,  chairman. 


EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 

New  York — Alun  H.  RoonBa,  chairman;  W.  S.  Dickson,  secretary,  71  Broadway,  New  York,  N.  Y, 

Meets  first  Wednesday  after  first  Tuesday  of  each  month. 

BoBtof — Ajjvmd  C.  Lams,  chairman;  H.  M.  Botlston,  secretary-treasurer,  26  Abbot  Bldg.,  Cambridge. 

Maaa. 

Meets  first  Monday  of  each  winter  month. 

Coluimbia — ^J.  C.  Haas,  chairman;  Ltitdon  K.  Abmstbono,  secretary-treasurer,  720  Peyton  BIdg.f 
Spokane,  Wash. 

Holds  four  sessions  during  year.    Annual  meeting  in  September  or  October. 

Fu{f€i  Sound — Hbnbt  Landbs,  chairman;  Pbbct  E.  Wbxobt,  secretary-treasurer,  2012  L.  C.  Smith 

Bldg.,  Seattle,  Wash. 

Meets  'second  Saturday  of  each  month. 

^ouihefm    California — Ralph   Abmold,   chairman;   Altxn   B.    Cabpbmtbr,   secretary-treasurer,   530 
Citiaenfl  National  Bank  Bldg.,  Loe  Angeles,  Cal. 

loUnuio — Chablbs  M.   MacNbill,  chairman;  Fbbd  Cabboll,  secretary-treasurer.  State  Capitol, 
,  Colo. 

.  B.  Bbalt,  chairman:  E.  B.  Youno,  secretary-treasurer,  526  Hennesy  Building,  Butte, 

Francioeo—Y.  W.  Bradlbt,  chairman;  W.  H.  Shocklbt,  secretary-treasurer,  050  Waverley  St., 

P»lo  Alto,  Cal. 

Meets  second  Tuesday  of  each  month. 


0it«»axf'*<**^  AiUArocite — R.  V.  Nobbis,  chairman;  Paul  Stbrling,  secretary-treasurer,  Lehigh  Valley 
Co«l  Co.,  Wilkes-Barre,  Pa. 

t.  LfomiM—'RvQWH^  McAxjhiwnt  chairman;  Waltbb  E.  McCoubt,  secretary-treasurer,  Washington 
tJnrv-f  St.  Louis,  Mo. 


H.  MacDowbll,  chairman;  Hbnbt  W.  Nichols,  secretary-treasurer.  Field  Museum 
of  Matural  History,  Chicago,  111. 


Wbaith,  chairman;  F.  Q.  Mosas,  secretary-treasurer.  University  of  Utah,  Salt  Lake 
City.  Utah. 


Ij.  O.  Howabd,  chairman;  H.  L.  NovroN,  secretary-treasurer,  Globe,  Aris. 


£.  H.  PoMBBOT,  chairman;  Hbnbt  M.  Rxybs,  secretary-treasurer,  210  Reno  National 
3An]c  Bldg.,  Reno,  Ner. 

^fg^      At.F.  G.  Hboobu,  chairman;  Jakbs  H.  Gabdnbb,  secretary-treasurer,  Tulsa,  Okla. 

^sl^imifi^ff^  ^-  ^' — Hbbbbbt  C.  Hootbb,  chairman;  A.  G.  WHrrs,  secretary-treasurer,  U.  S.  Bureau 
at  Itfinea,  Dept.  of  Interior  Bldg. 

CttmlkxtvXo  Mezicano  de  Mines  y  Metalurgia.) — Victob  M.  Bbaschi,  chairman.  Committee  on 
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OFFICERS  AND  DIRECTORS 

For  the  year  ending  February,  1020 

President 
HORACE  V.  WINCHELL, .    ." Minneapolis,  Minn. 

Past  Presidents 

PHILIP  N.  MOORE, St.  Loms,  Mo. 

SIDNEY  J.   JENNINGS, New   York,   N.  Y. 

First  Vice-president 
A.  R.  LEDOUX, New  York,  N.  Y. 

Treasurer 
GEORGE  D.  BARRON, New  York,  N.  Y. 

Secretary 
BRADLEY  STOUGHTON, New   York,    N.  Y. 

Vice-presidents 

CHARLES  W.  GOOD  ALE,  1  ....  Districts Butte,  Mont. 

MARK  L,  REQUA,! District  6 San  Francisco,  Gal. 

HENRYS.  DRINKER," District  2 .  So.  Bethuheii,  Pa. 

ROBERT  M.  RAYMOND,'   .  \    .    .   District  0 New  York,  N.  Y. 

EDWIN  LUDLOW, » District  2 Lansford,    Pa. 

A.  R  LEDOUX,' District  0 NewYork,N.Y. 

«    Directors 

J.  E.  JOHNSON,  JR.,1 District  0 New  York,  N.  Y. 

ALLEN  H.  ROGERS,  1 District  1 Boston,    Miss. 

HOWARD  N.  EAVENSON,!     .    .    .  District  9 Gaht,  W.  Va. 

J.  V.  N.  DORR,! District  0 New  York,  N.  Y. 

WILLET  G.  MILLER,! District  II Toronto,  Canada 

FREDERICK  G.  COTTRELL,*    .    .   District  6 San  Francisco,  Cal. 

HENNEN  JENNINGS,* District  9 WAsmNGTON,D.C. 

GEORGE  C.  STONE, » District© New  York,  N.  Y. 

SAMUEL  A.  TAYLOR,* District  2 PirrsBUROH,  Pa 

ARTHUR  THACHER,* Districts St.  Louis,  Mo. 

J.  V.  W.  REYNDERS,» District  0 New  York,  N.  Y. 

GEORGE  D.  BARRON, » District  0 New  York,  N.Y. 

CHARLES  F.  RAND, » District© New  York,  N.  Y. 

LOUIS  S.  CATES,» District  7 Rat,  Aril 

STANLY  A.  EASTON,» Districts Keuxkk3,Ida 

■■"  ■  -  .  .. — 

! Until  Feb.,  1920.  "Until  Feb.,  1921.  »UntU  F^b.,  1922. 
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REQUIREMENTS  FOR  MEMBERSHIP 

Extract  From  Constittttioii 

ARTICLE  II 

Membebs 

Sec.  1.     The  membership  of  the  Institute  shall  comprise  four  classes,  namely: 
Members;  2.  Honorary  Members;  3.  Associates;  4.  Junior  Associates. 

All  members  shall  be  equally  entitled  to  the  privileges  of  membership,  excepting 
at  Honorary  Members,  Junior  Associates,  and  Members  and  Associates  whose 
sidences  shall  be  outside  of  the  United  States,  Mexico,  and  Canada,  shall  not  be 
titled  to  vote.  Members  and  Associates  residing  within  the  United  States  of 
merica,  Mexico,  and  Canada,  and  not  in  arrears  for  dues,  shall  be  entitled  to  vote  in 
trson  at  the  meetings  of  the  Institute,  or,  as  hereinafter  provided  for,  by  letter 
illot. 

Sec.  2.     MEMBERS  shall  comprise  all  those  persons  who  on  the  third  Monday 
February,  1918,  were  members  of  the  Institute,  and  in  addition  thereto,  all  those 
ereaf ter  elected  or  transferred  into  the  class  of  Members. 

MEMBERS  must  be  at  least  27  years  of  age  and  must  have  had  at  least  six  years' 
iployment  in  the  practice  of  engineering,  mining,  geology,  metiillurgy  or  chemistry, 
iring  at  least  three  years  of  which  they  must  have  held  positions  of  responsibility  in 
te  or  more  of  these  fields. 

Graduation  from  the  scientific  course  of  a  college,  approved  by  the  Committee  on 
embership,  shall  be  considered  equivalent  to  two  years'  employment,  as  required 
the  previous  sentence. 

Employment  as  a  teacher  of  engineering,  mining,  geology,  metallurgy  or  chemistry, 
in  direct  charge,  may  be  considered  a  position  of  responsibility  as  specified  in  the 
cond  preceding  paragraph. 

Persons  employed  in  research  or  any  scientific  literary  work  or  in  teaching  in  the 

ientific  departments  of  colleges,  approved  by  the  Committee  on  Membership,  who 

the  same  time  are  engaged  in  consulting  or  in  the  active  practice  of  mining,  geology, 

metallurgy,  shall  be  entitled  to  consider  the  time  so  spent  in  active  practice  as 
uivalent  to  an  eaual  length  of  time  of  employment  in  positions  of  responsibility, 
ovided  the  work  done  or  the  positions  held  seem  to  the  Committee  on  Membership 
warrant  the  equivalency. 

The  requirement  of  three  years'  employment  in  positions  of  responsibility  may  be 
iived  by  the  Committee  on  Membership  in  the  case  of  persons  who  have  done  notable 
iginal  work  in  mining,  geology,  or  metallurgy,  or  have  won  distinction  by  research  or 
vestigations  in  one  or  more  of  these  subjects.  By  investigation  or  research  ia 
iderstood  laboratory  experimentation  as  distinct  from  investigations  in  literature 
compilations  of  the  work  of  others. 

ASSOCIATES  shall  be  those  who,  in  the  opinion  of  the  Committee  on  Membership 
id  the  Board  of  Directors^  are  suitable  for  such  election  or  transfer  by  reason  of  ^eir 
terest  in  or  connection  with  mining,  geology,  metallurgy,  or  chemistry. 

JUNIOR  ASSOCIATES  shall  comprise  all  students  in  good  standing  in  engineer- 
g  schools,  who  have  not  taken  their  degrees  and  are  nominated  by  at  lea«t  three 
embers,  two  of  whom  must  be  their  instructors.  A  Junior  Associate  may  remain 
ch  not  longer  than  five  years  after  leaving  -the  engineering  school,  at  the  end  of 
lich  period  his  qualifications  to  become  a  Member  or  Associate  must  be  passed 
»on  by  the  Committee  on  Membership.  If  elected  he  shall  pay  at  that  time  the 
trance  fee  and  dues  of  a  Member  or  A^ociate. 

In  case  there  is  any  question  as  to  the  classification  of  a  candidate  the  Committee 
I  Membership  may  require  from  him  any  evidence  he  desires  to  present  and  the 
tcision  of  the  Committee  as  to  the  proper  status  shall  be  final. 

Every  candidate  for  election  as  a  Member,  Associate,  or  Junior  Associate  must  be 
•oposed  for  election  by  at  least  three  Members  or  Associates,  must  be  approved  by 
e  Committee  on  Membership,  as  prescribed  in  the  By-Laws,  and  must  be  elected 
;  the  Board  of  Directors 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ahould  preferably  be  presented  inper«on  at  the 
Chicago  meeting,  September,  1010,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  dMousaion  in  wntinff  may  be  sent  to  the  Editor,  American  institute  of  Mining  Engineers.  20  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1, 1010.  Any  discussion 
ofFered  'nereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Tunnel  Driving  at  Copper  Mountain,  B.  C. 

BT   OSCAR   LACHMUND,   E.  M.,    SPOKANE,    WASH. 
(Chicago  Meeting,  September,  1010) 

During  the  driving  of  the  main  haulage  level  at  the  Copper  Mountain 
mines  of  the  Canada  Copper  Corpn.,  Ltd.,  near  Princeton,  B.  C,  some 
very  rapid  driving  was  done,  though  no  claim  for  a  world's  record  is 
made.  Conditions,  however,  were  unfavorable  for  economical  operations. 
The  cost  of  power  was  high,  for  the  fuel  was  of  poor  grade;  besides,  during 
the  time  the  work  was  in  progress,  very  little  other  power  was  needed 
so  that  most  of  the  power  cost  was  charged  against  the  footage.     The 
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I^etten  In4icst«  Ordsr    of  Firing  Scale:-    3i"-»l' 

Ftq.   1. — Drift  round  used  in  main  haulage  level,  Copper  Mountain,  B.  C. 

trant^mission  Une  consisted  of  No.  4  galvanized  iron  wire  with  the  result 
that  the  line  loss  was  considerable.  The  voltage  transmitted  was  about 
30,000.  The  plant  was  operated  under  a  lease,  which  was  due  to  expire 
about  the  same  time  this  work  was  supposed  to  be  completed;  an  ex- 
tension was  refused,  therefore  speed  was  most  important. 

The  plans  called  for  a  straight  adit  2900  ft.  (884  m.)  in  length.  At  a 
point  2800  ft.  (853  m.)  from  the  portal,  two  raises  were  to  be  put  up  to 
the  aiext  nearest  workings,  a  difference  in  elevation  of  about  800  ft. 
(24:3  m.).  One  of  these  was  to  be  a  two-compartment  hoistway  and 
the  other  a  zigzag  ore  pass,  or  muck  run.  A  location  for  these  raises 
had  been  determined  by  a  number  of  diamond-drill  holes,  but  the 
material  to  be  penetrated  by  the  adit  was  not  known.  It  seemed 
imperative  to  get  the  tunnel  work  completed  as  rapidly  as  possible,  in 
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order  to  allow  for  delays  in  the  raising  program,  which  were  certain  to 
occur.  To  show  how  closely  these  operations  were  timed,  it  is  interest- 
ing to  note  that  the  date  of  expiration  of  the  power-plant  lease  was 
Sept!  1, 1918,  and  the  last  round,  making  the  connection  between  the  up- 
per and  lower  workings,  "broke  through"  in  the  night  of  Sept.  3, 1918. 

The  plans  called  for  a  tunnel  9  ft.  (2.7  m.)  high  by  11  ft.  (3.3  m.)  wide; 
but  owing  to  the  "  blocky  "  nature  of  some  of  the  rock  a  considerable  "over 
break"  occurred.  This  enlarged  the  tunnel  cross-section  to  10.4  ft. 
by  12  ft.  (3.2  by  3.6  m.)  indicated  by  measurements  taken  at  200-ft. 
(60-m.)  intervals  after  the  work  was  finished  and  slowed  up  the  work  on 
account  of  the  extra  waste  handled,  besides  increasing  the  cost  per  foot  of 
driving.  Several  regions*  of  geological  disturbance  were  crossed  and  the 
heavy  ground  encountered  called  for  timber  supports.  More  than  350 
ft.  (106  m.)  of  heavy  timbering  was  necessary  at  various  points  along  the 
course  of  the  tunnel;  this  also  retarded  the  work  to  the  extent  of  about  6 
ft.  (1.8  m.)  per  day  for  each  set  of  timber  placed.  Once  the  working 
force  Was  organized  and  the  work  well  under  way,  three  shifts  were  put 
on,  working  8  hr.  each. 

The  drills  used  were  the  dreadnaught  No.  60.  They  were  mounted 
four  on  a  horizontal  bar,  from  which  position  all  but  the  four  bottom 
holes,  or  "lifters,"  were  drilled,  the  miners  working  on  the  muck  pile. 
Upon  completion  of  the  upper  part  of  the  round,  most  of  the  muck  had 
been  removed;  that  which  was  left  was  rapidly  thrown  back  from  the  face, 
all  hands  helping  on  this  work.  The  horizontal  bar  was  then  torn 
down  and  dropped  to  the  lower  position,  from  which  the  lifters  were 
drilled.  The  change  of  the  bar  from  the  upper  to  the  lower  position,  to- 
gether with  drilling  the  lifters,  loading,  and  firing  the  entire  round, 
was  frequently  made  in  50  minutes. 

The  holes  were  pointed  to  pull  a  7-ft.  (2-m.)  round  and  averaged  about 
9  ft.  (2.7  m.)  in  dfepth.  The  center,  or  "cut  holes,"  were  fired  first, 
after  which  followed  the  side  holes,  then  the  back  holes,  and  finally  the 
lifters.  The  drift  round  commonly  used  in  this  work  is  illustrated  in 
Fig.  1,  which  also  indicates  the  firing  of  the  holes  in  groups.  The  blasting 
was  done  by  hand,  the  fuses  being  "spit."  The  timing  of  the  shots 
was  regulated  by  cutting  the  fuse  in  different  lengths;  the  shortest  for 
the  center  holes,  the  next  longest  for  the  side  holes,  and  so  on.  The 
lifters  were  loaded  with  extra  heavy  charges  of  powder,  so  as  to  throw 
the  muck  back  from  the  face  as  much  as  possible.  This  was  sometimes 
helped  by  placing  charges  of  explosive  outside  and  beneath  the  lifters; 
these  were  called  muckers,  and  were  set  to  go  off  after  the  rest  of  the 
round  had  been  fired. 

The  powder  used  was  a  non-freezing  kind,  varying  in  strength  from 
40  to  60  per  cent,  nitroglycerin,  depending  on  the  hardness  of  the  rock 
at  the  face. 
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The  rock  was  handled  in  small,  V-shaped,  hand-dump  cars  of  about 
1000  lb.  (453  kg.)  capacity.  Tramming  was  done  by  hand  until  the 
distance  from  heading  to  dump  became  too  great,  when  horse  haulage 
was  substituted;  later  this  was  replaced  by  an  electric  installation. 
Steel  plates  were  laid  on  the  bottom  for  a  distance  of  30  to  40  ft.  (9  to 
12  m.)  from  the  face,  to  facilitate  shoveling,  also  to  permit  shunting 
empty  cars  past  the  loaded  trains  and  thereby  eliminating  the  need  for 
double  track. 

The  cars,  being  Ught,  were  easily  pulled  from  the  track  and,  with 
bodies  tilted,  were  passed  on  the  steel  plates,  alongside  of  the  loaded 
cars  and  then  pushed  back  on  to  the  track  at  the  muck  pile  and  loaded. 
Temporary  track  was  laid  close  up  to  the  face  before  firing  a  round. 
The  T-rails  were  laid  on  their  side,  allowing  the  flanges  of  the  car  wheels 
'  to  run  on  the  grooves  thus  formed. 

The  foul  air  and  gases  were  removed,  after  each  round  was  fired, 
by  a  Connersville  rotary  blower,  of  10  cu.  ft.  (0.28  cu.  m.)  capacity, 
stationed  at  the  portal  of  the  tunnel.  Later,  a  similar  machine  was 
placed  about  halfway  in  the  adit  and  worked  in  tandem  with  it.  The 
blowers  were  set  to  exhaiist  toward  the  surface  through  a  12-in.  (30-cm.) 
wire-wound,  wooden  stave  pipe.  The  men  were  able  to  return  to  the 
heading  within  15  min.  after  firing. 

The  mucking  crew  was  divided  into  three  gangs,  on  each  shift,  averag- 
ing 11  men  per  shift.  The  work  was  divided  so  that  one  gang  was 
shoveling  muck,  another  was  picking  down  from  the  muck  pile,  while  the 
third  was  bringing  up  empty  cars  and  forming  them  into  trains  after 
they  were  loaded.  This  latter  work  did  not  take  up  the  entire  time,  so 
that  this  gang  had  an  opportunity  to  rest.  As  soon  as  a  train  was  loaded, 
the  gangs  changed  jobs;  that  is,  the  pickers  went  at  shoveling,  the  car 
handlers  took  the  picks,  and  the  shovelers  took  the  easy  work,  and  so  on. 
Greater  efficiency  was  maintained  in  this  manner,  as  the  change  of  work 
tended  to  rest  the  men  and  they  were  able  to  work  continuously. 

A  bonus  system  was  also  a  large  factor  in  keeping  the  men  up  to  the 
mark.  This  was  based  on  a  daily  advance  of  9  ft.  (2.7  m.),  upon  which 
the  then  "going"  wages  were  guaranteed;  for  all  advance  over  9  ft., 
$6  per  foot  was  added  as  bonus.  For  each  set  of  timber  placed,  an  allow- 
ance of  3  ft.  (0.9  m.)  was  made,  which  applied  on  the  bonus.  Current 
wages  at  the  time  were  $4.50  for  miners,  $4  for  helpers,  and  $3.50  for 
common  labor.  The  bonus  distribution  brought  these  amounts  up 
to  $5.91  for  miners,  $5.25  for  helpers,  and  $4.59  for  muckers.  The  fore- 
man and  the  shift  bosses  also  shared  in  the  bonus,  the  distribution  being 
made  by  pro-rating  the  bonus  in  the  same  ratio  as  the  amount  of  regular 
wage  received  by  each  man.  Everybody  seemed  satisfied  and  no  diffi- 
culties were  experienced  as  far  as  the  labor  situation  was  concerned. 
The  work  was  begun  on  Oct.  9,  1917,  and  the  tunnel  was  finished 
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Mar.  11,  1918,  a  total  of  154  days.     The  actual  working  time  was  150 
days,  four  days  being  lost  on  account  of  a  break  in  the  power  line. 

The  length  of  the  adit  is  2903  ft.  (884.8  m.)  and  the  daily  average 
progress  was  19.3  ft.  (5.8  m.)  for  each  working  day.  The  greatest 
advance  in  any  one  month  was  in  December,  1917,  when  a  total  of 
645  ft.  (196  m.)  was  driven.  The  amount  of  rock  handled  is  estimated 
at  185  tons  per  day.  The  material  penetrated  was  granodiorite,  for  the 
greater  part  of  the  distance.  The  total  cost  of  driving  the  tunnel  was 
S103,242.15,  which  brings  the  cost  per  foot  of  timnel  to  S35.56.  Cer- 
tain equipment  and  supphes  were  charged  against  the  work  that  should 
have  been  carried  in  a  suspense  account,  as  most  of  these  had  a  cer- 
tain salvage  value  because  it  was  intended  to  use  them  in  the  future 
operation  of  the  mines.  For  reasons  already  mentioned,  such  as  ex- 
pensive power,  the  cost  given  does  not  really  represent  the  actual  ejcpense 
of  driving.  Had  speed  not  been  so  important,  no  doubt  the  work  could 
have  been  done  more  cheaply.     A  few  of  the  cost  items  are  as  follows: 

Total  Driving  Cost  Totals  Unit  Cott 

Labor $26,617.81  S8.80 

Explosives 16,616.75  5.72 

Drills,  parts  and  repairs 2,767.82  0.95 

Steel,  sharpening  and  replacement 3,979.78  1.37 

Miscellaneous  supplies 1,908.27  0.66 

Power 8,410.24  2.90 

$59,200.67  $20.40 
Rock  Disposal 

Labor $21,843.40    $7.52 

SuppUes 1,685.24      0.57 

Power 558.64      0.20 

$24,087.28  $8.29 
Timbering 

Labor $1,335.62  $0.46 

Timber  and  supplies 2,513. 18  0.86 

$3,848.70  $1.32 
Indirect  Expense 

Air  and  water  lines $5,439.09  $1.88 

Electric  lighting 1,018.81  0.35 

Ventilation 3,198.38  1.10 

Dump,  tracks,  and  trestles 503.67  0.17 

Depreciation  on  drills 970.76  0.33 

Depreciation  on  cars 301 .82  0. 11 

Surface  hoisting  and  hauling 3',464. 58  1 .  19 

Miscellaneous  supplies 1,208.39  0.42 

-     $16,105.50    $5.55 

Total  cost $103,242. 15  $35.56 
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Timbering  details 

53  sets  timber  installed,  cost  per  set $72.62 

354  ft.  of  tunnel  timbered,  cost  per  foot 10 .  83 

rHilling  Details  » 

Actual  drilling  hours 8022 

Actual  working  days 149^ K2 

Average  drilling  hours  per  day 53 .  50 

Cost  of  upkeep  per  drilling  hour,  in  cents 22. 53 

Before  planning  any  of  the  work,  the  engineer  in  charge  visited  large 
mining  properties  in  the  West  and  Southwest,  where  all  the  latest  methods 
were  observed.  From  notes  taken  upon  these  trips,  the  layout  for  future 
^work  was  developed.  The  method  of  driving  the  main  haulage  level 
w^as  derived  from  the  operation  of  the  Pioneer  Tunnel  at  Glacier,  B.  C, 
a  few  years  ago,  by  the  Canadian  Pacific  Railway. 

The  credit  of  working  out  the  plans  and  details  of  this  work  belongs 
to  Mr.  F.  S.  Norcross,  Jr.,  at  that  time  superintendent  of  mines  of  tho 
Canada  Copper  Corpn.,  now  a  captain  in  the  27th  Regiment  of  Engineers, 
the  mining  regiment,  at  present  in  France.  Captain  Norcross  was 
unable  to  complete  the  job,  as  he  enlisted  in  December,  1917,  but  the 
-work  was  carried  out  by  his  successor  and  former  assistant  engineer, 
Mr.  P.  E.  Crane. 
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Distribution  of  Coal  Under  U.  S.  Fuel  Administration 

BY  J.   D.    A.   MORROW,*   WASmNQTON,   D.   C. 
(New  York  Meeting.  February,  1019) 

This  discussion  relates  to  the  distribution  of  coal  under  the  direction 
of  the  U.  S.  Fuel  Administration  beginning  Apr.  1,  1918.  At  that  time 
a  definite  method  of  controlling  and  directing  distribution  was  put  into 
effect.  Prior  thereto,  although  some  of  the  machinery  utilized  was  in 
operation,  especially  in  the  few  weeks  immediately  preceding  Apr.  1, 
distribution  had  >  not  been  effectively  and  comprehensively  organized. 

The  writer  was  called  to  the  Fuel  Administration  by  Dr.  Garfield 
about  the  first  of  February,  1918,  to  assume  general  direction  of  the  dis- 
tribution of  coal  for  the  Fuel  Administration,  to  develop  the  general 
plans,  and  to  obtain  practical  men  to  assist  in  this  work  and  in  carrying 
through  the  program  finally  devised.  A  study  of  the  situation  and  con- 
ferences with  the  Fuel  Administrator  and  leading  men  in  the  business 
made  it  plain  that  it  would  be  necessary  to  begin  at  the  bottom,  measure 
the  undertaking,  develop  plans  to  meet  the  need  thus  shown,  and  build 
an  organization  to  effect  the  distribution  required.  This  work  had  to  be 
done  under  war  pressure  in  the  midst  of  a  bad  coal  shortage. 

The  successful  performance  of  such  a  task  is  always  primarily  a 
matter  of  putting  competent  men  in  the  right  places  and  giving  them  the 
power  and  opportunity  to  function  properly  together.  In  the  Distri- 
bution Division  of  the  U.  S.  Fuel  Administration,  the  men  who  were 
chiefly  responsible  for  whipping  plans  into  practical  form  and  then  for 
carrying  out  these  plans  were  A.  W.  Calloway,  of  Baltimore,  President 
of  the  Davis  Coal  &  Coke  Co.,  who  served  as  the  Director  of  Bituminous 
Coal  Distribution;  S.  Lovell  Yerkes,  of  Birmingham,  Alabama,  Secre- 
tary of  the  Grider  Coal  Sales  Agency,  who  assumed  general  charge  of 
distribution  while  the  new  plans  and  organization  were  being  perfected 
and  then  became  the  Assistant  Director  of  Bituminous  Coal  Distribu- 
tion; Warren  S.  Blauvelt,  of  Detroit,  who  was  Director  of  Coke  Distri- 
bution; A.  S.  Learoyd  of  New  York,  Director  of  Anthracite  Distribu- 
tion, in  connection  with  the  Anthracite  Committee,  consisting  of  Joseph 
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P.  Dickson,  President  of  Dickson  &  Eddy,  Chairman;  S.  D.  Warriner, 
President  of  the  Lehigh  Coal  &  Navigation  Co.,  and  W.  H  Richards, 
President  of  the  Philadelphia  &  Reading  Coal  &  Iron  Co. ;  A.  M.  O^e, 
of  Terre  Haute,  President  of  the  Vandalia  Coal  Co.,  Director  of  SUte 
Distribution;  and  C.  E.  Lesher,  Coal  Statistician  of  the  U.  S.  Geological 
Survey,  who  was  kindly  loaned  by  Director  Smith  to  become  Director 
of  Statistics  for  our  Distribution  Division. 

One  of  the  first  requisites  in  obtaining  tangible  results  was  to  know 
how  much  coal  would  be  required  during  the  year,  where  it  would  be 
needed,  and  for  what  purposes.  Without  this  information,  it  was  im- 
possible to  make  any  definite  plans  for  suppljdng  the  war  needs  of  the 
nation.  The  first  estimates  of  the  Bureau  of  Statistics  called  for 
736,000,000  short  tons  of  coal.  Subsequently,  through  known  conserva- 
tion of.  coal  and  through  eflfective  control  of  distribution,  which  made  it 
possible  to  lower  some  estimates  of  necessary  winter  reserves,  the  figure 
was  reduced  to  723,400,000  tons.  Of  this  amount  100,000,000  short 
tons  was  the  estimated  maximum  possible  output  of  anthracite,  and  the 
balance  was  the  tonnage  of  bituminous  coal  required  to  fill  all  remaining 
coal  needs. 

The  bituminous  tonnage  was  classified  to  show  the  requirements  for 
railroads,  exports,  ship  bunkers,  domestic  consumers,  public  utiUties,  and 
industrial  concerns.  These  latter  were  still  further  subdivided  to  give 
the  requirements  of  particular  industries,  such  as  byproduct  coke  plants, 
iron  and  steel  plants,  etc.  The  tonnage  needed  for  domestic  consumers, 
public  utihties,  and  industrial  concerns  was  estimated  by  states,  but 
that  for  railroads,  exports,  and  bunkers  was  not  so  divided  because  in 
the  distribution  of  coal  for  these  purposes  state  lines  were  ignored.  Dis- 
tribution for  the  other  consumers  was  placed  on  a  state  basis  to  insure 
equality  of  treatment  among  consumers  in  different  parts  of  the  country. 

Anthracite  requirements  for  domestic  use  were  estimated  with  even 
greater  care.  The  Anthracite  Committee  ascertained  the  shipments  of 
domestic  anthracite,  in  1916,  into  some  22,000  communities.  On  the 
basis  of  these  shipments,  estimates  of  the  needs  of  these  communities 
for  1918  were  prepared  by  the  State  Fuel  Administrators  and  the  Anthra- 
cite Committee  and  definite  allotments  of  anthracite  were  made  by  states 
and  communities.  In  order  to  supply  the  estimated  needs  of  the  north- 
ern and  eastern  states  in  which  war  activities  had  led  to  increases  of  popu- 
lation in  many  localities,  it  was  necessary  to  withdraw  anthracite  from 
the  western  and  southern  states  entirely  and  to  decrease  the  shipments 
into  various  middle  western  states  and  parts  of  Canada. 

Comparison  of  Schedules  and  Shipments 

With  the  requirements  thus  known,  schedules  were  set  up  covering 
the  movement  of  coal  from  the  mines  to  the  various  consuming  areas 
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week  by  week  throughout  the  year,  allowing  ifor  differences  in  transporta- 
tion conditions  in  summer  and  winter  and  making  provision  for  sufficient 
winter  reserves  in  the  more  remote  consuming  districts.  These  schedules 
were  worked  out  in  cooperation  with  the  U.  S.  Railroad  Administration 
and  the  shipments  of  coal  were  constantly  checked  against  them.  The 
more  important  movements,  such  as  shipments  of  Navy  and  transport 
liunker  coal  were  under  daily  check. 

To  show  how  these  schedules  were  observed  and  how  the  movement 
approached  and  eventually  surpassed  the  figures  scheduled  as  produc- 
tion increased  and  as  war  activity  stopped  with  the  signing  of  the  armis- 
tice, let  me  say  that  on  July  6,  for  example,  the  rail  movement  of  bi- 
tuminous coal  to  New  England  totaled  3,058,000  tons  since  Apr.   1, 
against  a  schedule  calling  for  3,150,000  to  this  date,  or  98  per  cent,  per- 
formance.    On  Sept.  28,  rail  shipments  totaled  6,164,000  tons  against 
a  schedule  of  5,849,000,  or  105.4  per  cent,  performance.     On  Dec.  21, 
rail  shipments  totaled  7,763,000  tons  against  a  scheduled  total  of  7,459- 
000,  or  104.1  per  cent,  performance.     On  July  1,  scheduled  shipments 
to  tidewater  at  ports  from  Hampton  Roads  north  were  11,916,000  tons; 
actual  shipments  were  11,557,000,  or  97  per  cent,  of  the  schedule.     On 
Sept.  1,  we  had  scheduled  for  those  ports  19,860,000  tons  and  actual 
shipments    totaled    20,013,000    tons,   or  100.8  per  cent,  performance. 
On  Oct.  21,  the  figures  were  23,963,000  tons  scheduled  and  23,843,000 
shipped.     On  Dec.  21,  thanks  to  the  armistice,  the  shipments  had  run 
2,688,000  tons,   or  9  per  cent.,  ahead  of  the  schedule.     A  total  of 
28,000,000  tons  was  scheduled  to  go  up  the  Great  Lakes  for  the  north- 
western states  and  Canada;  we  sent  28,153,000  tons.     With   similar 
precision   and   certainty,  munition  factories,   arsenals,  powder  works, 
byproduct  plants,  etc.,  were  kept  running  while  stocks  were  accumulated 
insuring  uninterrupted  operation  throughout  the  winter.     In  the  same 
manner,  retail  dealers  were  given  supphes  for  their  domestic   trade. 
Such  results  were  only  possible  because  of  the  complete  control  of  ship- 
ments and  the  full  information  on  which  to  proceed. 

Supervision  of  Distribution 

The  bituminous  producing  fields  were  divided  into  28  districts, 
with  a  District  Representative  in  charge  of  the  operators  in  each  of  these 
fields.  These  men  were  under  the  direct  supervision  of  Messrs.  Calloway 
and  Yerkes.  They  had  full  information  of  the  production,  the  obliga- 
tions and  shipments  of  producers  in  their  respective  territories,  and 
executed  the  orders  from  Washington  for  the  movement  of  coal  from  the 
mines  to  carry  out  the  plans  for  the  distribution  of  bituminous  coal. 
A  similar  arrangement  prevailed  for  coke.  Each  of  these  District  Repre- 
sentatives obtained  daily  reports  of  the  shipments  from  every  mine  under 
bis  jurisdiction.     Each  was  a  man  in  whom  the  producers  had  confidence, 
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and  they  enjoyed  the  fullest  and  most  loyal  help  and  codperation  of  the 
producers.  Thus  the  coal  operators  themselves  were  organized  into  a 
part  of  the  distribution  machinery  of  the  Fuel  Administration. 

Distribution  among  consumers  in  each  state  was  supervised  by  a 
State  Fuel  Administrator,  who  had  no  interest  in  the  coal  business  but 
whose  duty  it  was  to  see  that  all  consumers  were  treated  impartially,  and 
to  call  upon  the  District  Representatives  to  assist  any  who  might  be  in 
special  need  of  coal.  The  distribution  work  of  these  state  administra- 
tors was  supervised,  so  far  as  was  necessary,  in  Washington,  by  Mr. 
Ogle,  the  Director  of  State  Distribution.  He  was  constantly  in  close 
touch  with  the  heads  of  the  bituminous,  anthracite  and  coke  distribution 
bureaus. 

Reports  and  Priorities 

To  control  and  direct  the  movement  of  2,000,000  tons  of  coal  daily 
to  100,000,000  consumers,  it  was  necessary  to  have  not  only  current 
reports  from  the  shippers  at  the  6000  mines  to  the  District  Representa- 
tives, but  also  weekly  reports  from  some  90,000  industrial  consumers  and 
retail  dealers.  Duplicate  reports  went  to  each  State  Administrator. 
The  Bureau  of  Statistics  daily,  under  Mr.  Lesher,  checked,  tabulated,  and 
summarized  reports  from  approximately  15,000  consumers  and  the  infor- 
mation thus  assembled  went  to  the  various  executives  who  were  super- 
vising shipments. 

To  insure  a  distribution  of  coal  that  would  contribute  most  directly 
to  the  nation's  war  program,  particularly  of  the  special  grades  of  coal, 
it  was  necessary  to  have  some  degree  of  preference  established  among  the 
various  classes  of  consumers.  That  order  of  preference  was  fixed  by 
Bernard  M.  Baruch,  Chairman  of  the  War  Industries  Board,  working 
through  the  Priorities  Board,  of  which  Judge  E.  B.  Parker  was  chairman. 
The  entire  distribution  program  of  the  Fuel  Administration  accorded 
with  the  preference  as  laid  down  by  the  War  Industries  Board.  Con- 
sumers in  Classes  1  and  2  were  supplied  first  and  were  given  ample 
stocks  of  coal  before  consumers  in  the  lower  classes  we're  allowed  to 
accumulate  reserves. 

Cooperation  with  Railroad  AnBcnasTRATiON 

As  a  part  of  the  effort  to  cooperate  with  the  United  States  Railroad 
Administration  most  effectively,  and  as  a  practical  means  of  Insuring 
the  movement  of  coal  with  a  definite  saving  in  transportation^  a  zone 
system  of  distribution  from  the  mines  to  the  consumers  was  applied 
in  the  central  and  southern  part  of  the  United  States  between  the  Rocky 
Mountains  and  the  general  line  of  Erie,  Pittsburgh,  and  Baltimore.  Such 
a  system  was  under  consideration  by  the  Railroad  Administration  and  the 
Fuel  Administration  prior  to  my  connection  with  the  latter.     The  plans 
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for  this  system  were  pushed  to  completion  and  it  was  put  into  effect  on 
Apr.  1.  The  northeastern  part  of  the  country  was  not  zoned  because  of 
the  complexity  of  J3uppl3dng  that  section;  on  the  other  hand,  the  western 
part  of  the  country  was  not  zoned  because  it  divides  itself  geographically 
and  so  zones  itself.  The  zone  system  was  not  administered  rigidly, 
but  was  modified  as  fluctuations  in  production  required  and  as  was 
necessary  to  permit  the  requisite  movement  of  coals  for  special  industrial 
uses,  such  as  gas,  byproducts,  metallurgical,  railroad  fuel,  etc.  The  sys- 
tem saved  160,000,000  car  miles  in  hauling  coal  from  April  to  December 
and  obtained  a  quicker  return  of  empty  cars  to  the  mines.  It  also  helped 
to  equaUze  the  demand  in  different  sections  of  the  country,  which,  in 
turn,  permitted  the  mines  in  all  fields  to  run  more  nearly  to  capacity 
than  ever  before. 
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This  ezcellent  paper,  which  contains  21  illustrations  and  three  tables,  has  been 
printed  in  full  for  distribution  at  the  meeting.  Copies  of  it  will  be  sent,  free  of  charge, 
to  all  persons  who  are  interested. 

TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Chicaco  meeting,  September,  1019,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  disouaaion  m  wntins  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1, 1919.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Manganese  Ore  Deposits  in  Cuba* 

BY  ERNEST  F.  BURCHARD,t  M.   S.,  WASHINGTON,  D.  C. 
(Chicago  Meeting,  September.  1919) 

ABSTRACT 

• 

A  RECONNAI88AKCE  of  the  manganese- and  chrome-oredepositsof  Cuba 
was  made  by  the  writer,  as  a  representative  of  the  U.  S.  Geological  Survey, 
in  company  with  Mr.  Albert  Burch  of  the  Bureau  of  Mines  under  in- 
structions of  the  Secretary  of  the  Interior,  in  the  Spring  of  1918.     The 
object  of  the  study  was  to  obtain  authentic  information  for  the  use  of  the 
United  States  Government  as  to  the  location,  character,  quantity,  and 
availability  of  the  manganese-  and  chrome-ore  deposits  in  Cuba.     Accord- 
ingly,  the  work  comprised  the  examination  of  such  deposits  as  seemed 
to  be  of  promise,  without  regard  to  stage  of  development,  with  a  view  to 
determination  of  the  quantity  and  quality  of  ore  likely  to  become  available 
for  shipment  during  1918  and  1919,  and  of  the  tonnage  of  ore  in  reserve. 
While  it  was  possible  to  visit  most  of  the  deposijbs  that  seemed  to  be  of 
promise,  there  was  not  sufficient  time  to  visit  all  that  were  brought  to  our 
attention,  some  of  which  may  have  merit. 

Manganese  ore  is  found  in  Cuba  in  Oriente,  Santa  Clara,  and  Pinar 
del  Rio  Provinces,  but  in  Oriente  Province  only  does  it  occur  in  large 
commercial  quantities.  There,  the  deposits  are  in  three  areas:  one  north 
of  Santiago  de  Cuba,  one  south  of  Bayamo  and  Baire,  and  one  on  the 
Caribbean  coast  between  Torquino  Peak  and  Portillo.  In  Santa  Clara 
Province,  a  little  ore  has  been  found  near  the  Caribbean  coast  west  of 
Trinidad;  and  in  Pinar  del  Rio  Province,  manganiferous  material  occurs 
north  of  the  city  of  Pinar  del  Rio  and  farther  west  near  Mendoza. 

The  manganese  ores  of  Cuba  occur,  principally,  in  sedimentary 
rocks,  such  as  limestone,  sandstone,  and  shale,  that  are  in  places  meta- 
morphosed, and  in  beds  that  originally  may  have  been  water-laid  tuflf 


*  Published  by  permission  of  the  Director,  U.  S.  Gool.  Survey. 
t  Geologist,  U.  8.  Qeol.  Survey. 


.   I 


592  MANGANBSE   ORE  DEPOSITS  IN  CUBA 

but  are  now  partly  replaced  by  manganese  oxide,  zeolites,  calcite,  and 
other  minerals.  In  the  most  heavily  mineralized  localities,  the  deposits 
are  in  and  about  masses  of  siliceous  rock,  locally  termed  "jasper"  and 
''  byate  "  that  are  associated  with  the  country  rock.  At  one  locality  south 
of  Bayamo,  the  manganese  and  its  siliceous  associates  are  in  igneous  rocks, 
such  as  latite-porphyry  and  latite.  The  sedimentary  rocks  with  which 
the  manganese  deposits  are  associated  are,  in  some  places,  nearly  hori- 
zontal but  generally  show  dips  ranging  from  a  few  degrees  to  45^  or  more. 

The  area  north  of  Santiago  is,  broadly  speaking,  in  the  synclinal  basin 
between  the  Sierra  Maestra  on  the  south  and  the  Sierras  de  Nipe  and  dd 
Cristal  on  the  north,  the  greater  part  of  which  is  drained  westward  by 
Rio  Cauto  and  its  tributaries,  and  small  parts  of  it  by  Rio  San  Juan  and 
Rio  Guantanamo  to  the  south  and  east.  The  deposits  of  manganese  ore 
are  found  on  both  sides  of  the  basin.  The  deposits  in  the  area  south  of 
Bayamo  are  in  the  northern  foothills  of  the  Sierra  Maestra  drained  by 
Buey,  Bayamo,  Yao,  and  Cautillo  rivers. 

The  deposits  in  the  two  areas  north  of  the  Sierra  Maestra  show  an 
interesting  concordance  in  altitude.  They  are  from  500  to  1200  ft. 
(152  to  364  m.)  above  sea  level,  and  most  of  them  are  at  altitudes  near 
600  to  700  ft.,  suggesting  a  relation  between  the  deposition  of  the  man- 
ganese and  a  certain  stage  in  the  physiographic  development  of  the  region. 
Most  of  the  manganese  ore  deposits  are  above  drainage  level  on  the  slopes 
of  hills  of  moderate  height,  the  maximum  relief  in  the  immediate  vicinity 
of  the  deposits  seldom  exceeding  500  ft.  Some  of  the  manganese  ore 
deposits  have  been  observed  to  lie  on  the  crest  and  slopes  of  anticlinal 
hills,  but  these  anticlines  are  but  local  puckerings  of  the  strata  forming 
the  broad  synclinal  basin  just  mentioned.  The  foraminiferal  limestones 
and  greensand  marls  associated  with  the  manganese  ores  in  the  Santiago 
district,  and  also  probably  along  the  northern  foot  of  the  Sierra  Maestra 
south  of  Baire,  are  regarded  as  of  upper  Eocene  age. 

The  deposits  of  manganese  ore  examined  in  Cuba  exhibit  wide 
variations,  but  they  may  be  groupd  into  three  general  phjrsical  types: 
deposits  in  beds;  deposits  in  irregular  masses  associated  with  siliceous 
rock,  such  as  jasper  or  byate;  and  deposits  in  residual  clay  or  rock  debris. 
The  term  jasper  is  more  commonly  used  in  the  Santiago  district,  byate 
in  the  Bayamo  district. 

The  deposits  in  beds  comprise  several  varieties,  one  of  the  most 
common  consisting  of  poorly  consolidated  beds  of  sandy,  tuffaceous 
material  mixed  with  manganese  oxides,  granules  of  pink  clay,  and  sedite 
minerals.  Such  beds  fill  depressions  in  the  surface  and  crevices  and 
cavities  within  hard  rocks.  Other  bedded  deposits  occur  as  tabular 
masses  interbedded  with  limestone  strata,  and  others  are  replacements  of 
limestone,  sandstone,  and  conglomerate  beds.  Pyrolusite,  psilomelane, 
manganite,  and  wad,  or  mixtures  of  some  or  all  of  these  minerals,  are 
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found  in  the  ore  deposits  but  no  manganese  carbonate  or  silicate  minerals 
were  recognized  in  any  of  the  deposits  except  in  the  metamorphosed 
limestone  and  calcareous  schist  near  Trinidad,  where  ankerite  and 
rhodonite  occur  in  small  quantities.  The  richness  of  the  deposits  varies 
considerably.  Most  of  the  richest  masses  are  associated  with  the  jasper, 
but  masses  that  have  replaced  limestone  thoroughly  are  also  rich.  The 
ore  known  as  milling,  or  wash  ore,  is  generally  of  the  sandy,  tuffaceous 
type,  in  which  it  is  necessary  to  separate  considerable  granular  gangue 
material  from  the  manganese  oxide. 

The  deposits  of  manganese  oxide  associated  with  masses  of  jasper,  or 
byate>  appear  to  have  been  one  of  the  earUest,  if  not  the.  first,  of  the 
several  types  of  ore  to  be  formed.  The  association  of  the  jasper  with 
adjacent  rocks  suggest  that  it  has  been  deposited  by  hot  spring  waters, 
and  the  association  of  the  manganese  minerals  with  the  jasper  suggest 
that  the  manganese  and  silica  have  been  deposited  very  nearly  contempo- 
raneously. If  not  contemporaneously,  the  manganese  probably  came 
in  with  a  secondary  silicification. 

The  production  of  manganese  ore  about  the  middle  of  March,  1918, 
in  the  Santiago  district,  was  between  280  and  300  tons  a  day.  The  out- 
put was  curtailed  in  the  rainy  season,  which  begins  about  the  first  of 
June,  especially  that  from  the  smaller  mines,  which  are  dependent  on 
ox-cart  haulage,  but  the  curtailment  was  more  than  offset  by  the  increase 
in  shipments  after  the  railroad  from  Cristo  to  the  YsabeUta  mine  was 
opened. 

The  approximate  average  composition  of  a  large  proportion  of  the  ore 
recently  shipped  for  metallurgical  use  is  as  follows:  Manganese,  38.885 
per  cent.;  silica,  12.135  per  cent.;  phosphorus,  0.084  per  cent.;  moisture, 
11.201  per  cent. 

The  i)roduction  of  manganese  ore  from  the  district  south  of  Bayamo 
has  amounted  to  a  very  few  thousand  tons  altogether,  the  mining  opera- 
tions being  on  a  ismall  scale.  In  the  spring  of  1918,  only  50  to  60  tons  a 
day  were  being  produced  from  all  the  mines,  but  much  of  this  was  high- 
grade  ore  for  chemical  purposes.  The  development  of  the  deposits  is 
handicapped  by  their  remoteness  from  the  railroad  and  by  the  lack  of 
good  wagon  roads. 

Conditions  Affecting  Manganese  Industry  in  Cuba, — ^Although  the 
owners  and  operators  of  manganese  properties  in  Cuba  desired  to  speed 
up  production  during  the  period  of  the  war  while  the  need  for  the  ore  was 
was  great  and  the  prices  were  good,  there  were  certain  hindrances, 
aside  from  climatic  conditions,  that  tended  to  retard  their  output.  These 
hindrances  will,  for  the  most  part,. continue  to  affect  the  manganese  in- 
dustry in  Cuba,  and  unless  many  of  them  are  removed  and  others 
remedied  it  will  probably  be  difficult  to  maintain  the  industry  in  the  face 
of  reduced  prices  for  ore.    It  was  difficult  during  the  war  period  to  obtain 
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and  hold  a  sufficient  number  of  miners  at  certain  mines,  because  an 
adequate  supply  of  staple  foodstuffs  could  not  be  furnished  them.  Min- 
ing was  also  handicapped  by  shortage  of  explosives. 

There  seems  but  little  chance  for  improvement  in  the  transportation 
of  ore  from  mines  to  railroads  without  assistance  from  the  Cuban  Goveni- 
ment  in  building  and  improving  cart  roads.  Haulage  by  caterpillar 
tractors  may  eventually  supplant  some  of  the  haulage  by  animals.  The 
high  cost  of  animal  haulage  prevents  the  production  of  ore  from  many 
deposits  at  a  great  distance  from  railroads.  The  limitation  of  this  traffic 
to  five  or  six  months  of  the  year  also  handicaps  production,  for  though 
mining  might  be  carried  on  during  practically  the  whole  year,  ore  would 
have  to  be  stacked  up  for  many  months  awaiting  the  dr3ring  of  the  roads, 
which  storage  would  lock  up  considerable  capital,  and  this  few  of  the 
smaller  operators  can  afford. 

Shortage  of  railroad  cars  and  the  inabiUty  of  the  Cuba  Railroad  to 
handle  adequately  all  the  manganese  ore  during  the  dry  season,  when 
traffic  is  heaviest  because  this  is  also  the  cane  grinding  season,  is  also  a 
serious  handicap  to  the  output  of  ore.  During  1918,  a  shortage  of  ships 
permitted  ore  to  accumulate  at  the  docks  in  Santiago  faster  than  it  could 
be  removed,  but  post-war  conditions  should  be  better  in  this  respect. 

The  marketing  of  ore  by  small  producers  is  attended  by  more  or  less 
friction  between  buyers  and  sellers  over  sampling  and  anal3rses.  If 
the  Cuban  Government  could  detail  two  men,  one  a  chemist  and  the  other 
a  man  experienced  in  sampling  ore,  to  act  as  umpires  at  Santiago  in  the 
sampling  and  analysis  of  manganese  ore,  small  producers  would  be  en- 
couraged; this  service  might  be  made  self-supporting  by  charging  the 
cost  to  the  interested  parties. 

The  production  of  manganese  ore  seems  to  have  been  handicapped  by 
the  attitude  of  some  owners  of  lands  and  leaseholds,  who  have  raised  the 
price  of  royalties  so  high  as  to  discourage  operations.  In  the  course  of 
its  trip,  the  Government  party  heard  complaints  of  many  forms  of  sharp 
practice,  which  are  not  conducive  to  a  hearty  cooperation  between  prop- 
erty owners,  miners,  and  buyers  of  manganese  ore. 

Despite  the  handicaps  outlined  there  was  strong  interest  taken 
everywhere,  in  Cuba,  in  developing  manganese  prospects  and  the  opera- 
tors of  manganese  mines  made  every  effort  to  increase  their  output. 
Large  investments  were  made  at  the  larger  properties  in  mine  equipment, 
railroad  spurs,  and  general  developments  so  that  these  mines  were  placed 
in  a  position  to  produce  a  large  output  of  ore. 

The  industrial  situation  at  the  close  of  1918  is  so  uncertain,  however, 
and  consumers  in  the  United  States  appear  to  have  such  a  lai^  stock 
of  ore  on  hand  that  it  is  very  doubtful  whether  there  will  be  an  important 
production  of  manganese  ore  from  Cuba  in  1919. 
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Total  Production  and  Reserves  of  Manganese  Ore, — ^Available  figures 
on  exports  of  manganese  ore  from  Cuba  and  imports  from  Cuba  into 
the  United  States,  supplemented  by  estimates,  indicate  a  total  produc- 
tion during  the  period  1888  to  1918  of  about  430,500  long  tons  of  ore, 
valued  at  about  $6,438,500,  an  average  value  of  114.95  a  ton.  The 
imports  of  Cuban  ore  into  the  United  States  in  1918  amounted  to  82,974 
tons,  valued  at  $2,751,193,  or  about  $33.16  a  ton.  The  shipments  of  ore 
to  the  United  States  fell  short  of  the  possible  maximum,  as  they  suffered 
a  curtailment  through  withdrawal  of  vessel  tonnage  during  the  summer, 
and,  in  November,  the  armistice  halting  the  war  in  Europe  further 
retarded  production. 

When  each  deposit  of  manganese  ore  was  examined,  estimates  were 
made  of  its  probable  reserve  tonnage,  and  of  its  probable  production  of 
ore,  by  grades,  in  1918  and  1919,  provided  the  war-time  demand  for  ore 
should  continue  and  the  unusual  handicaps  to  production  and  trans- 
portation of  ore  could  be  overcome.    With  the  estimates  of  probable 
production  there  is  now  no  concern,  but  it  should  be  stated  that  events 
have  proved  that  the  manganese  ore  producers  of  Cuba  were  prepared 
to  fulfill  even  more  than  was  expected  of  them.    With  regard  to  the 
reserve  ore  tonnage  there  is  a  certain  interest,  in  connection  with  the 
question  of   world   distribution   of   this   important   steel-alloy   metal, 
although  until  commercial  conditions  readjust  themselves  there  may  be 
little  demand  for  manganese  ore  from  Cuba.    The  results  of  the  in- 
vestigation inlicate  a  total  tonnage  of  between  700,000  and  800,000 
long  tons  of  manganese  ore,  containing  more  than  36  per  cent,  of  man- 
ganese, in  reserve  in  Cuba,  600,000  to  700,000  tons  of  which  are  credited 
to  the  Santiago  district,  50,000  to  75,000  tons  to  the  Bayamo-Baire 
district,  and  the  remainder  to  all  other  districts,  including  Los  Negros, 
Camaroncito,  Trinidad,  and  Mendoza. 
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A  Metallographic  Inyestigation  of  Transverse-fissure  Rails  with  Special 

Reference  to  High-phosphorus  Streaks 

Discussion  of  the  paper  by  G.  F.  Comstock,  presented  at  the  New  York  meeting, 
February,  1919,  and  printed  in  Bulletin  No.  143,  November,  1918,  p.  1699. 

James  E.  Howard,*  Washington,  D.  C.  (written  discussion t).— Mr. 
Comstock,  in  his  classification  of  the  possible  causes  of  transverse  fis- 
sures, has  not  quite  caught  the  point  of  view  of  the  writer.  It  appears, 
following  the  trend  of  thought  in  Mr,  Comstock's  paper,  that  three  groups 
instead  of  two  might  be  enumerated,  namely:  Fatigue  of  the  steel, 
quality  or,  preferably,  grade  of  steel,  and  mill  practice. 

All  steels  are  liable  to  failure  by  fatigue.  Stresses  that  are  capabk 
of  causing  fatigue  fractures  are  modified  in  their  magnitude  by  the  grade 
of  steel  acted  upon.  Mill  practice  is  a  term  having  a  very  wide  meaning 
and  in  its  relations  to  the  development  of  transverse  fissures  has  been 
used  with  such  vagueness  as  to  include  many  known  factors  and  some  that 
are  unknown  in  the  arts.  According  to  the  grade  of  steel  employed, 
fatigue  fractures  may  be  accomplished  by  loads  of  greater  or  less  magni- 
tude, hence  there  is  a  relation  between  quality,  or  grade,  of  steel  and  the 
display  of  fatigue  fractures.  Mill  practice  of  such  an  order  as  to  affect 
the  formation  of  transverse  fissures  must  be  shown  to  exert  an  influence 
on  the  ability  of  the  steel  to  endure  repeated  stresses.  Different  grades 
of  steel  are  selected  for  different  purposes.  Steel  employed  for  fire-box 
purposes  is  of  different  grade  from  that  used  for  cutting  tools,  although 
each  grade  is  suitable  for  its  purpose,  and  therefore  of  good  quality. 

It  is  conceivable  that  a  demand  might  Jt)e  made  for  steel  of  physical 
properties  in  excess  of  those  of  any  known  grade.  Under  such  a  demand, 
impossible  of  fulfillment,  it  would  not  be  proper  to  refer  to  the  steels 
as  being  deficient  in  quality;  to  do  so  would  be  a  failure  to  recogniic 
that  all  steels  have  their  limitations  in  strength.  Service  conditions 
peculiar  to  rails  admit  of  successive  advance  until  the  conditions  can 
no  longer  be  met.  The  failure  of  a  large  number  of  rails  from  one  type 
of  failure,  when  all  known  means  of  averting  the  failure  have  been  em- 
ployed without  success,  is  sufficient  evidence  that  the  end  is  close  at  hand. 

Iron  rails,  for  a  time,  successfully  met  the  requirements  of  railway 
service  but  weight  of  equipment,  motive  power,  and  rolling  stock  were  in- 
creased, necessitating  the  use  of  steel.  The  early  steel  rails  enjoyed  the 
reputation  of  being  of  excellent  quality,  although  neither  chemically  nor 
structurally  would  they  be  so  regarded  at  the  present  time.  They  did 
good  service  in  their  day  and  under  the  conditions  then  prevailing  were 
good  rails.     To  meet  the  increased  weight  of  rolling  stock  there  has  been 
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an  increase  in  the  weight  of  rails,  at  the  same  time  practically  all 
grades  of  carbon  steel  have  been  tried,  with  occasional  efforts  to  use  alloy 
steels  and  heat-treated  rails.  No  grade  of  steel  nor  weight  of  rail  yet 
employed  has  enjoyed  immunity  from  fracture  in  service. 

In  the  first  report  dealing  with  a  rail  fracture  to  which  the  term  trans- 
verse fissures  was  applied,  the  writer  expressed  the  opinion  that  this 
type  of  fracture  was  "due  to  the  use  of  a  hard  steel  and  subjecting  it  to 
high  wheel  pressures,  .  .  .  causing  the  development  and  introduction 
of  internal  strains,  and  those  internal  strains  together  with  the  wheel 
loads  caused  the  development  of  interior  fissures  and  their  extension  to 
a  dangerous  degree." 

It  will  be  noted  that  attention  was  called  to  the  presence  of  internal 

strains  as  a  result  attending  the  use  of  rails  in  the  track.     The  presence 

of  internal  strains,  which  at  times  far  exceed  the  direct  stresses,  had 

apparently  been  entirely  overlooked  on  the  part  of  railroad  engineers, 

an  omission  to  this  day  not  completely  overcome.     Internal  strains  are 

introduced  in  the  upper  part  of  the  head  of  the  rail,  where  a  range  in  stress 

from  tension  to  compression  of  28,000  lb.  per  sq.  in.  (19.68  kg.  per  sq.  mm.) 

has  been  reached,  within  a  depth  of  metal  not  more  than  ^  in.  (19  mm.). 

Compressive  stresses  located  next  to  the  running  surface  of  the  head  not 

infrequently  exceed  20,000  lb.  per  sq.  in.  (14  kg.  per  sq.  mm.).     With 

the   occurrence  of  thousands  of  transverse  fissures  in  recent  years — 

they  were  known  only  in  isolated  cases  in  earlier  years — the  query  is 

forcibly  presented  whether   service  conditions  have  not  reached  that 

stage  in  which  the  ability  of  steel  to  endure  them  has  nearly  or  quite 

reached  its  limit. 

Increased  weights  of  rails  furnish  greater  girder  strength,  without 
material  modification  of  the  impinging  pressures  between  the  wheel 
and  the  rail.  The  interior  origin  of  a  transverse  fissure  is  due  to  the  in- 
ternal strains  introduced  by  these  impinging  pressures.  Increased 
freight  of  rail  does  not  remove  this  compressive  component  in  the  head. 
Transverse  fissures  occurring  in  the  heavier  rails  after  a  short  period  of 
ime  in  the  track,  in  rails  in  which  the  direct  bending  stresses  are  much 
'educed,  place  a  large  share  of  responsibiUty  for  failure  on  the  cold- 
-olling  action  of  the  wheels. 

Interest  centers  upon  the  condition  of  the  steel  at  the  nucleus  of  the 
.ransverse  fissure,  whether  the  inception  of  the  fissure  was  caused  by  any 
Dcal  abnormality  or  was  due  entirely  to  repetition  of  stresses.  No 
tructural  or  chemical  reason  common  to  the  display  of  transverse  fis- 
lures  has  been  found  to  which  their  formation  might  be  ascribed.  In 
riven  heats,  these  fissures  have  been  found  in  rails  that  were  laid  on  divi- 
ions  ivhere  traffic  conditions  were  most  severe.  Their  occurrence  in 
lard  rails  is  probably  facilitated  by  reason  of  the  heads  of  the  rails  main- 
aining   their  shape  with  minimum  distortion.     After  reaching  a  satu- 
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rated  state  of  interaal  strain,  the  maximum  stresses  thereafter  are  centered 
upon  the  same  elements,  a  favorable  condition  for  the  development  of 
fatigue  fractures. 

The  nuclei  of  transverse  fissures  commonly  present  the  silky  ap- 
pearance so  much  admired  in  steels  fractured  by  tension.  The 
surrounding  parts  have  a  bright  silvery  luster,  until  the  fissure  has 
extended  and  reached  the  periphery  of  the  rail;  then  the  surfaces  are 
darkened.  The  silvery  luster  is  doubtless  acquired  by  the  opposite 
surfaces  hammering  each  other,  when  the  stresses  in  the  rail  are  reversed 
and  the  head  is  in  compression.  The  progressive  development  of  trans- 
verse fissures  is  shown  by  the  concentric  ripples  on  their  silvery  faces. 
The  walls  of  an  incipient  fissure  are  separated  a  very  minute  distance, 
probably  represented  by  the  elastic  resilience  of  the  steel  in  that  vicinity. 
The  phenomenon  of  permanent  set  or  permanent  elongation  of  the  steel 
cannot  take  place  when  an  interior  fissure  is  formed  in  a  matrix  of  structui- 
ally  sound  metal.  Seamy  or  spongy  steel  would  appear  to  favor  interior 
flow  of  limited  degree  without  fracture. 

Let  us  consider  for  a  moment  some  features  in  the  physics  of  steel 
that  must  have  a  bearing  on  the  inception  of  a  transverse  fissure.  To  be 
a  potent  influence  in  starting  a  trains  verse  fissure  in  the  interior  of  the  head, 
in  the  absence  of  those  internal  strains  that  we  know  are  introduced 
by  the  wheel  pressures,  there  must  be  a  portion  of  the  metal  devoid 
of  such  elastic  properties  as  will  prevent  its  extension  and  compression 
in  harmony  with  the  surrounding  metal.  It  is  not  a  question  of  tough- 
ness or  brittleness  in  the  usual  sense  of  those  terms,  but  one  of  elasticity. 
We  are  not  familiar  with  any  alloy  of  iron  that  does  not  possess  elastic 
properties;  steels  covering  a  wide  range  in  chemical  composition  still 
retain  the  same,  or  substantially  the  same,  modulus  of  elasticity.  Hook's 
law  prevails  also  in  steels  prior  to  the  application  of  overstraining  loads. 
Any  minute  eddy  in  the  transmission  of  stresses  will  be  a  negligible  factiff 
since  the  effect  of  such  an  eddy  will  merely  be  a  moderate  increase  la 
intensity  of  stress  in  that  vicinity.  A  non-elastic  substance  of  con- 
siderable volume  and  having  sharp  edges  will  be  required  to  cause  the 
incipient  formation  of  a  transverse  fissure.  The  reduction  of  the  metal 
from  the  ingot  to  the  rail  orients  seaminess  and  lamination  paralW 
to  the  length  of  the  rail.  Interruption  of  continuity  normal  to  the 
principal  stresses  is  necessary  in  order  to  influence  rupture. 

The  strains  per  unit  of  length  with  which  we  are  concerned  in  con- 
nection with  transverse  fissures  are  less  than  two  thousandths.  Such 
strains  in  the  field  of  the  microscope  represent  very  minute  distance— 
millionths  of  an  inch.  It  would  be  difficult  to  recognize  their  presence 
even  if  their  characteristics,  as  means  of  identification,  were  known. 
Recalling  Tyndall's  familiar  illustration  in  molecular  physics,  compannf 
an  orange  with  the  size  of  the  earth,  it  seems  doubtful  whether  the  micro- 
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scope  brings  us  relatively  much  nearer  a  real  conception  of  the  phe- 
nomenon of  fatigue  in  metals  than  the  unaided  eye. 

Physical  properties  that  are  obviously  correlated  with  stresses  that 
ultimately  result  in  fatigue  fractures  have  been  taken  under  consideration 
in  the  study  of  transverse  fissures.  It  is  well  known,  (1)  that  the  moduli  of 
elasticity  of  steels  are  lowered  by  overstraining  loads  and  that  a  recovery 
takes  place  during  a  period  of  rest;  (2)  that  overstraining  loads  disturb 
the  equality  of  elastic  limits  in  hot-worked  steel,  overstraining  in  one 
direction  and  impauing  the  elastic  Kmit  in  the  opposite  direction;  (3)  that 
internal  strains  are  acquired  by  steels  when  cold  worked  and  also  during 
periods  of  cooling;  (4)  that  hot-forged  steel  shows  a  difference  in  behavior, 
when  annealed,  in  respect  to  the  direction  the  metal  was  worked  and  at 
right  angles  thereto.  It  is  also  known  that,  with  changes  in  carbon 
content,  there  are  changes  in  the  coefficients  of  expansion  and  in  the 
specific-gravity  values  of  steels.  Each  of  these  factors  may  have  an 
influence  on  the  ability  of  a  rail  to  endure  stresses,  either  from  their 
influence  on  the  primitive  state  of  the  rail  or  by  affecting  its  condition 
in  the  track.  The  relations  between  the  properties  made  use  of  in 
rails  in  service  and  their  microconstituents  are  less  direct  and  less 
understood. 

A  slight  initial  advantage  against  the  acquisition  of  internal  strains 
would  seem  to  attend  segregated  steel,  a  thought  at  variance  withlspeci- 
fications  in  which  higher  carbon  metal  in  the  center  of  the  head  is  a 
cause  for  rejection  of  the  rail.  The  lower  carbon  steel  has  the  higher 
coefficient  of  expansion,  in  which  case  a  nucleus  of  high-carbon  metal 
in  the  head  should  acquire  a  state  of  compression.  The  higher  carbon 
steel  also  has  a  lower  specific  gravity,  and  if  an  equal  weight  of  the  high- 
carbon  metal  was  forced  into  the  space  that  the  same  weight  of  low-carbon 
steel  would  occupy  there  would  result  cubic  compression  of  the  seg- 
regated metal.  What  happens  along  these  lines  we  do  not  know,  whether 
favorable  or  unfavorable  in  resisting  fatigue.  So  great  is  the  influence  of 
the  rate  of  cooling  on  the  initial  strains  that  the  influence  of  other  factors 
is  overshadowed. 

Sponginess  of  structure  is  occasionally  witnessed  in  steel  in  the  early 
passes  in  the  blooming  mill,  disappearing  commonly  before  the  finishing 
pass  of  the  rail  mill  is  reached.  Etched  specimens  from  rail  heads  have 
exhibited  similar  manifestations.  The  presence  of  such  indications  is 
of  interest  and  raises  the  question  whether  the  interior  sponginess  was 
nof  advantageous  in  resisting  the  formation  of  transverse  fissures  by 
diffusion  of  the  internal  strains.  The  most  defective  steel  in  fissured 
rails  has  been  found  in  those  rails  that  resisted  the  formation  of  transverse 
fissures  the  longest  intervals  of  time  in  the  track.  So  far  as  this  evidence 
goes,  it  does  not  increase  our  anxiety  as  to  the  detrimental  effect  of 
seaminess  as  a  factor  in  leading  to  the  formation  of  transverse  fissures. 
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Concerning  the  influence  of  longitudinal  seams^  streaks,  or  lamina- 
tions upon  the  development  of  transverse  fissures,  it  is  not  known  tbt 
they  exert  any  direct  influence.  The  iron-phosphide  streaks,  forming  the 
subject  matter  of  the  paper  under  discussion,  are  oriented  in  the  same 
manner  as  other  streaks;  they  are  parallel  to  the  length  of  the  rail,  in 
which  direction  the  influence  of  streaks  is  not  materially  felt  on  the 
tensile  properties. 

The  American  Railway  Engineering  Association  has  published  one  or 
two  reports  upon  interior  fissures,  in  which  longitudinal  seams  were 
referred  to.  The  distinction  will  be  kept  in  mind  between  such  manifesta- 
tions, which  are  commonly  called  seams  and  transverse  fissiu^s,  the 
similarity  in  captions  tending  toward  confusion.  Puddled  iron  may  be 
referred  to  as  an  example  of  seamy  fibrous  metal,  oriented  longitudinaUy, 
upon  which  experiments  have  been  conducted  on  repeated  stresses. 
Wrought-iron  bars,  in  terms  of  the  elastic  limits,  have  shown  results 
superior  to  those  of  high-carbon  and  medium-carbon  steels.  A  wrought- 
iron  bar  endured  a  fiber  stress  36  per  cent,  in  excess  of  its  elastic  limit 
some  eight  times  longer  than  a  medium-carbon  steel  endured  a  fiber 
stress  less  than  2  per  cent,  in  excess  of  its  elastic  limit. 

In  the  minds  of  some  there  are  features  associated  with  rails  that  are 
regarded  as  causes  of  the  formation  of  transverse  fissures,  which  upon 
analysis  appear  as  deterrents.  To  the  writer,  it  seems  preferable  to 
assign  as  causes  of  the  formation  of  transverse  fissures  those  factors 
that  are  known  to  lead  to  rupture  rather  than  to  pin  faith  upon  features 
that  are  still  obscure  and  the  correlation  of  which  with  transverse  fissures 
has  not  yet  been  established. 


Metals  and  Alloys  from  a  CoUoid-chemical  Viewpoint 

DiscussiQn  of  the  paper  by  Jerome  Alexander,  presented  at  the  New  York  meeting, 
February,  1919,  and  printed  in  Bulletin  No.  146,  February,  1919,  p.  427. 

• 

Wilder  D.  Bancroft,*  Washington,  D.  C.  (written  discussion t).— 
In  two-phase  systems  there  are  three  possibilities  and  Mr.  Alexander 
has  only  considered  two.  We  may  have  the  first  phase  the  internal 
one  and  the  second  the  external  one;  we  may  have  the  first  phase  the 
external  one  and  the  second  phase  the  internal  one;  and  we  may  have 
both  phases  continuous.  This  last  case  occurs  when  we  have  a  roll 
of  wire  fencing  standing  in  the  air;  the  wire  is  continuous  and  so  is  the 
air.  It  is  quite  probable  that  this  case  occurs  very  often  in  alloys  and  it 
it,  therefore,  important  that  it  should  not  be  overlooked.    With  gold 


♦  Lieut.-Colonel,  Chemical  Warfare  Service,  U.  S.  A.,  Acting  Chief,  Research 
Division. 
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containing  a  little  bismuth,  the  bismuth  forms  a  coating  around  the 
grains  of  gold  and  consequently  makes  a  brittle  alloy  having  a  low  con- 
ductivity; this  is  one  of  the  cases  covered  by  Mr.  Alexander's  classifica- 
tion. The  important  nature  of  the  external  phase  is  shown  very  clearly 
in  some  work  by  C.  G.  Fink  published  some  years  ago.  He  took 
the  same  mixtures  of  metaUic  tungsten  and  alumina  and  compressed 
them  to  solid  masses,  the  only  difference  being  that  the  tungsten  was 
relatively  coarse  in  one  case  and  relatively  fine  in  the  other.  When  the 
tungsten  was  relatively  coarse,  the  fine  alumina  particles  coated  the 
coarser  tungsten  particles  and  he  obtained  a  white  mass  that  does  not 
conduct  electricity.  When  the  tungsten  particles  were  relatively  fine, 
they  coated  the  coarser  alumina  particles  and  he  got  a  black  mass  that 
conducts  electricity. 

It  seems  a  pity  to  bring  up  an  analogy  between  alloys  and  jellies, 
because  the  alloy  is  the  simple  case  and  the  jelly  is  the  complicated  one. 
In  the  case  of  the  alloy  the  mass  is  always  crystaUine;  we  can  determine 
easily  the  composition  of  the  two  phases  and  it  is  not  difficult  to  ascertain 
whether  we  are  dealing  with  external  and  internal  phases,  or  what  I  call 
an  interlaced  system.  In  the  case  of  a  jelly,  both  phases  are  amorphous; 
we  do  not  know  the  composition  of  either  phase  and  we  do  not  know  the 
structure.  It  may  be  advisable  some  day  to  discuss  jelUes  with  reference 
to  alloys,  but  it  is  certainly  a  step  backward  to  discuss  alloys  with  ref- 
erence to  jellies. 


Petroleum  Hydrology  Applied  to  Mid-Continent  Field 

■ 

Discussion  of  the  paper  by  Rot  O.  Neal,  presented  at  the  New  York  meeting, 
February,  1919,  and  printed  in  BuUetin  No.  145,  January,  1919,  p.  1. 

G.  Sherburne  Rogers,*  Washington,  D.  C.  (written  'discussion f). — 
Mr.  Neal's  paper  on  the  petroleum  hydrology  of  the  Mid-Continent 
district  is  a  welcome  contribution  on  a  subject  concerning  which  none 
too  much  is  known;  it  is,  I  think,  the  first  published  description  of  the 
chemical  character  of  the  oil-field  waters  of  the  great  Mid-Continent  area. 
When  stiidying  the  oil-field  waters  of  the  California  fields  several  years 
ago,  the  differences  in  chemical  composition  between  waters  occurring 
at  various  horizons  seemed  to  be  sufficient  to  enable  the  operators  to  use 
water  analyses  as  a  basis  for  determining  the  source  of  the  water  flooding 
a  well;  and  it  is  gratifying  to  find  that  Mr.  Neal  has  arrived  at  a  similar 
conclusion. 

As  Mr.  Neal  points  out,  the  Mid-Continent  waters  are  very  different 
in  character  from  those  of  the  California  fields,  and  casual  inspection 

*  Geologist,  XJ.  S.  Geological  Survey.  t  Received  Jan.  27, 1919. 
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would  seem  to  indicate  that  the  laws  governing  their  variation  are 
diametrically  opposed  to  those  that  seem  to  have  operated  in  California. 
In  the  Mid-Continent  fields,  the  upper  waters  are  highly  concentrated 
solutions  of  sodium,  calcium,  and  magnesium  chlorides  and  are  prac- 
tically lacking  in  sulfates;  whereas  the  waters  underlying  the  main 
producing  oil  sands  are  much  less  concentrated,  contain  sulfates,  and 
closely  resemble  ocean  water.  In  the  California  fields,  the  waters  above 
the  oil  sands  are  moderately  strong  solutions  of  sodium,  calcium,  and 
magnesium  sulfates,  with  carbonates  and  chlorides  in  minor  proportion; 
whereas  the  waters  close  to  the  oil  sands  or  below  them  are  generally 
much  more  concentrated  and  much  higher  in  chlorides,  but  are  invariably 
lacking  in  sulfates.  Broadly  speaking,  therefore,  concentration  increases 
with  depth  in  California,  but  in  the  Mid-Continent  field  it  diminishes; 
sulfates  decrease  and  disappear  as  the  oil  sand  is  approached  in  California, 
but  in  the  Mid-Continent  field  they  are  absent  above  the  main  oil  sand 
and  appear  only  beneath  it. 

The  first  point  of  difference,  concentration,  is  evidently  due  to  the 
great  difference  in  geologic  conditions  that  distinguishes  the  two  areas. 
The  fields  of  San  Joaquin  Valley,  California,  are  located  in  the  foothills 
about  500  ft.  (152  m.)  above  the  center  of  the  valley,  and  as  the  forma- 
tions dip  steeply  and  outcrop  close  to  the  fields  considerable  suifaoe 
water  enters  the  rocks  and  drains  down  toward  the  valley.  Drainage 
is  impeded,  especially  in  the  deeper  beds,  by  a  series  of  anticlines  which 
separate  the  fields  from  the  main  valley,  and  the  troughs  back  of  these 
anticlines  constitute  traps  from  which  apparently  the  original  connate 
water  has  never  completely  drained.  The  upper  waters  are  therefore 
similar  to  the  normal  ground-water  in  any  semi-arid  region,  their  salts 
being  derived  from  the  rocks  through  which  they  pass;  the  deeper  waters, 
however,  are  partly  or  largely  connate  in  character  and  in  some  localities 
closely  approach  ocean  water  in  density.  In  the  Mid-Continent  area,  on 
the  other  hand,  the  fields  are  located  far  from  the  outcrop  of  the  pro- 
ducing sands  and  the  dips  are  very  gentle;  meteoric  waters  penetrate  only 
to  shallow  depths  and  the  underground  circulation  beneath  is  exceedingly 
sluggish.  The  very  high  concentration  of  these  waters  may  be  due  to  the 
fact  that  they  have  remained  practically  stagnant  for  long  geologic  periods 
and  that  the  rocks  with  which  they  have  come  in  contact  contained 
disseminated  salt  and  other  chlorides^  The  theory,  advanced  by  MHIs 
and  Wells,  that  ascending  hydrocarbon  gases  exert  an  appreciable  drying 
effect  on  underground  waters,  and  thus  increase  their  concentration,  may 
also  be  applicable.  The  decidedly  lower  concentration  of  the  wat^s 
beneath  the  deepest  oil  sand  in  the  Augusta  and  Eldorado  fields  may  be 
explained  by  supposing  that  these  waters  have  not  come  into  contact  with 
salt;  that  their  circulation  at  some  remote  time  was  freer  than  that  of  the 
waters  above  them  has  ever  been;  or  that,  since  they  underlie  the  deepest 
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known  oil  sand,  they  have  not  been  subjected  to  the  drying  effect  of 
ascending  hydrocarbon  gases  and  therefore  retain  their  original  density. 

The  second  point  of  difference  between  the  Mid-Continent  and  CaU- 
fornia  waters,  variation  in  sulfate,  is  probably  also  due  to  difference  in 
geologic  conditions.  In  the  California  fields,  the  shallow  waters  are  high 
in  sulfate,  those  close  above  the  oil  zone  contain  less  sulfate  but  generally 
some  sulfide,  those  in  and  below  the  oil  zone  carry  neither  sulfate  nor 
sulfide.  The  theory  that  the  sulfates  in  this  area  were  reduced  to  sulfides 
(including  hydrogen  sulfide)  through  the  action  of  certain  hydrocarbons 
seems  plausible,  therefore.  In  the  Mid-Continent  field,  Mr.  Neal  states 
that  the  waters  above  the  main  oil  sands,  which  in  the  fields  described 
lie  at  about  2500  ft.  (760  m.),  are  sulfate  free,  whereas  those  beneath  them 
contain  sulfate;  but  he  does  not  take  into  consideration  the  presence  of 
higher  and  commercially  less  important  oil  and  gas  horizons.  Thus,  in 
the  Eldorado  field,  considerable  oil  is  produced  from  a  sand  at  about  600 
ft.  (182  m.)  and  there  are  prolific  gas  sands  at  about  900  and  1200 
ft. ;  in  the  Augusta  field,  the  600-ft.  horizon  carries  gas  and  there  is  an- 
other and  more  important  zone  of  gas  sands  between  1400  and  1600  ft. ; 
and  in  the  .Blackwell  field,  gas  is  encountered  at  numerous  horizons 
between  225  and  3275  ft.  and  some  oil  in  several  sands  between  2000 
and  3350  ft.  The  waters  lying  above  the  main  oil  sands  in  these  fields, 
therefore,  cannot  be  considered  top  waters  in  the  sense  in  which  I  used 
the  term  in  describing  California  conditions — as  waters  unaffected  by 
oil  or  gas — and  the  absence  of  sulfate  in  these  upper  waters  is  thus  in 
accord  with  the  theory  that  sulfates  are  eliminated  by  the  reducing  action 
of  hydrocarbon  materials.  The  absence  of  sulfate  in  the  waters  beneath 
the  oil  sands  in  California  is  thought  to  be  due  to  the  fact  that  the  oil 
and  the  deeper  waters  migrated  together  from  unconformably  under- 
Ijdng  formations.  In  the  Mid-Continent  field,  there  is  no  evidence  of 
extensive  upward  migration  and  the  presence  of  sulfate  beneath  the  oil 
sands  is  not,  therefore,  an  argument  against  the  sulfate  reduction  theory. 
Nevertheless,  despite  the  strong  evidence  in  favor  of  this  theory  to  be 
found  in  the  California  fields,  I  would  not  venture  to  apply  it  in  the  Mid- 
Continent  district  without  further  evicljBnce.  The  oils  of  the  two  regions 
are  very  different  in  character  and  the  reaction  may  be  induced  only  by 
some  constituent  present  in  California  oil  and  absent  in  the  Mid-Conti« 
nent  variety.  Moreover,  the  fact  that  the  ratios  of  calcium  to  magne- 
sium are  distinctly  smaller  in  the  upper  Mid-Continent  waters  than  in  the 
deeper  ones  suggests  that  most  of  the  sulfate,  in  conjunction  with  cal- 
cium, has  been  precipitated  out  as  gypsum.  These  problems  cannot 
well  be  solved  until  more  extensive  studies  of  the  Mid-Continent  and  Ap- 
palachian oil-field  waters  have  been  made. 

It  is  interesting  to  note  that  the  upper  waters  analyzed  by  Mr.  Neal 
are  not  true  bitterns,  despite  their  concentration,  and  that  except  for  the 
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absence  of  sulfate  they  bear  a  general  resemblance  in  properties  to  ocean 
water.  In  this  respect  they  differ  from  most  Appalachian  oil-field  waters 
and  many  other  strong  natural  brines,  which  are  characterized  by  high 
proportions  of  calcium  and  magnesium  chlorides. .  The  deeper  water, 
which  is  almost  identical  in  properties  and  in  density  with  ocean  wat«r, 
is  also  highly  interesting.  The  discovery  of  a  Pennsylvanian  fossil  water 
so  similar  to  the  water  of  the  ocean  today  raises  a  difficult  problem  for 
those  who  contend  that  connate  water  cannot  long  remain  in  the  rocks 
without  losing  its  original  character.  On  the  other  hand,  it  certainly 
does  not  support  the  views  of  A.  C.  Lane  and  others  who  have  attempted 
to  tra6e  variations  in  the  composition  of  the  ocean  through  geologic 
time,  and  who  suggest  that  the  age  of  a  fossil  water  may  be  determined 
roughly  from  its  composition. 

The  analyses  presented  by  Mr.  Neal  appear  to  have  a  bearing  also  on 
the  search  for  deeper  oil  sands  in  the  Augusta  and  Eldorado  fields.  The 
fact  that  the  waters  within  the  general  productive  zone  are  several  times 
as  concentrated  as  those  directly  beneath  it  indicates  a  distinct  change 
in  conditions  at  the  base  of  the  deepest  known  oil  sand.  The  geologic 
nature  and  cause  of  this  change  are  not  clear,  but  the  mere  fact  that  a 
change  exists  suggests  that  the  true  base  of  the  oil-bearing  zone  has  been 
reached  and  that  no  deeper  sands  will  be  found.  The  appearance  of  sul- 
fate in  these  deeper  waters  may  have  a  similar  significance,  though,  for 
the  reasons  mentioned,  I  should  not  attach  much  weight  to  variation  in 
sulfate  until  the  waters  of  this  region  have  been  more  extensively  studied. 

Mr.  Neal's  statement,  that  the  waters  of  each  pool  probably  have  their 
own  peculiarities  and  that  no  attempt  to  use  water  analyses  in  practical 
oil-field  work  should  be  made  until  the  local  variations  had  been  studied, 
is  thoroughly  warranted.  Conditions  in  the  Mid-Continent  field  are 
very  different  from  those  in  California,  and  the  waters  of  both  districts 
differ  from  those  of  the  Appalachian  and  of  the  Gulf  Coast  fields.  In  all 
oil  fields,  the  imderground  circulation  is  naturally  restricted  and  the 
waters  are  usually  salty;  but  except  in  this  regard  there  is  no  more  reason 
to  assume  that  all  oil-field  waters  are  alike  than  to  assume  that  all  river 
waters  are  similar.  However,  as  most  of  the  world's  oil  is  produced  from 
Tertiary  and  Cretaceous  formations  under  conditions  resembling  those  in 
California,  rather  than  those  in  the  Paleozoic  fields  of  the  United  States 
it  is  probable  that  oil-field  waters  the  world  over  have  a  general  resem- 
blance to  those  in  California.  This  inference  is  supported  by  a  study  of 
the  analyses  of  such  oil-field  waters  from  Russia,  Roumania,  Galicia, 
Egypt,  India,  etc.  as  I  have  been  able  to  collect. 
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A  Comparison  of  Grain-size  Measurements  and  Brinell  Hardness  of 

Cartridge  Brass 

Diacussion  of  the  paper  of  W.  H.  Bassbtt  and  C.  H.  Davis,  presented  at  the 
New  York  meeting,  February,  1019,  and  printed  in  BuUetin  No.  145,  January, 
1919,  p.  57. 

Arthur  Phillips,*  Bridgeport,  Conn,  (written  discussion!). — 
It  is  to  be  regretted  that  the  very  valuable  paper  by  Messrs.  Bassett 
and  Davis  did  not  appear  in  the  early  war  period.  The  data  presented 
would  have  been  of  inestimable  service  to  inspectors  of  cartridge  brass 
who,  admittedly,  had  Uttle  or  no  knowledge  regarding  the  relation  of 
grain  size  to  temperature  of  anneal,  and  no  real  appreciation  of^the 
significance  of  the  Brinell  hardness  test.  The  paper  is  of  considerable 
interest  to  metallurgists  also. 

Walter  R.  Hibbard,^  Bridgeport,  Conn,  (written  discussion§). — 
The  writer  has  carefully  studied  Messrs.  Bassett  and  Davis's  paper  with 
considerable  interest,  inasmuch  as  our  laboratory  has  tested  cartridge 
brass  by  means  of  a  Brinell  machine.    In  March,  1917,  at  the  suggestion 
of  the  Technical  Department  of  the  American  Brass  Co.,  we  started  a 
comparison  of  grain-size  measurements  and  Brinell  hardness  of  cartridge 
brass  with  a  gage  of  0.1  in.  or  greater.     This  was  continued  until  March, 
1918,  when  we  adopted  the  Brinell  hardness  test  as  standard  for  brass 
0.1  in.  gage  or  greater,  and  discontinued  grain-size  measurements  upon 
this  metal.     The  data  collected  during  the  test  showed  that  the  Brinell 
hardness  indicated  more  accurately  how  the  metal  acted  in  actual  work- 
ing operations.    It  was  also  more  reliable  because  two  manipulators 
check  themselves  closer  by  the  BrineU  test  than  by  the  grain-size  measure- 
ments.    It  also  consumed  less  time  in  making  the  tests.    Alfred  V. 
de  Forest,  formerly  assistant  research  engineer  of  our  laboratories,  has 
described  the  apparatus  and  some  of  the  checking  results  in  a  paper  read 
June^   1918,  before  the  American  Society  for  Testing  Materials.^    The 
writer  hopes  that  a  more  satisfactory  method  for  testing  cartridge  brass 
and  gilding  in  gages  thinner  than  0.1  in.  may  be  devised  than  the  present 
method  of  grain-size  measurements. 


*  Metallurgical  Department,  Bridgeport  Brass  Co.  f  Received  Jan.  18,  1919. 

X  The  Remington  Arms  Union  Metallic  Cartridge  Co.      §  Received  Jan.  30,  1919. 
» Proc.  Amer.  Soc.  Test.  Mat.  (1918)  18,  Pt.  2,  449. 
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Employment  of  Mine  Labor 

DiBCussion  of  the  paper  of  Hsbbert  M.  Wilson,  presented  at  the  New  York  meet- 
ing, February,  1919,  and  printed  in  BulUiin  No.  145,  January,  1919,  p.  83. 

W.  D.  Brennan,*  Cheyenne,  Wyo.  (written  discussion f).— My 
experience  has  been  that,  where  possible,  it  is  preferable  for  each  fore- 
man to  employ  his  own  men,  rather  than  to  have  them  handled 
through  an  employment  bureau.  The  fact  that  each  foreman  comes  into 
direct  contact  with  the  man  before  he  is  put  to  work  gives  him  an  oppor- 
tunity to  choose,  at  certain  times,  the  kind  and  class  of  men  that  he 
wishes.  Where  possible,  after  a  man  is  employed  he  is  sent  to  a  central 
office  where  a  complete  history  of  each  individual  is  kept  on  a  card. 
If  a  man  has  previously  been  in  the  employ  of  the  Company,  his  history 
can  be  obtained  from  this  card,  and  if  for  any  reason  he  is  not  wanted 
he  can  be  refused  work  at  the  time  he  reports  to  the  central  oflSce. 

In  connection  with  Workman's  Compensation  oosts,  we  in  Wyoming 
feel  that  although  the  rates  of  compensation  paid  may  in  some  cases 
be  rather  low  our  law  works  satisfactorily.  As  the  State  and  the  number 
of  employees  are  small,  compensation  cases  are  handled  through  Judges 
of  the  various  District  Courts.  In  the  State  Treasurer's  Department, 
a  few  clerks  were  added  to  look  after  the  handling  and  issuing  of  warrants 
and  compiling  of  statistics.  Most  of  the  large  employers  have  an  arrange- 
ment by  which  a  joint  claim  and  assent,  specifying  the  amount  of  com- 
pensation due,  is  made  up  by  the  employer  and  signed  by  the  workman. 
This  is  forwarded  to  the  Judges  so  that  personal  investigation  of 
individual  cases  is  not  necessary.  In  this  manner,  compensation  is 
promptly  received  and  overhead  expenses  of  operation  of  the  law  is  kept 
at  the  minimum. 

The  law  requires  each  employer  to  pay  into  the  State  Treasury,  for 
the  benefit  of  the  industrial  fund,  a  sum  equal  to  1.5  per  cent,  of  the  money 
earned  by  each  employee,  engaged  during  each  calendar  month  of  such 
employment.  Each  employer  contributes  monthly,  unless  the  sum 
heretofore  contributed,  after  deducting  all  payments  made  on  account  of 
injuries  to  his  employees,  shall  equal  a  full  1.5  per  cent,  of  his  annual  pay 
roll,  computed  by  multiplying  his  current  monthly  pay  roll  by  twelve, 
and  shall  likewise  be  not  less  than  ($5000).  It  has  been  found  during 
the  years  that  this  law  has  been  in  effect,  that  a  number  of  the  laigN 
employers  have  been  exempt  from  payment  for  from  five  to  eight  months 
per  year,  so  that  in  some  cases,  even  in  coal  mines,  industrial  insurance 
has  cost  less  than  0.75  per  cent. 

The  question  of  relationship  between  employer  and  employees  is 
one  where  personal  friendship  is  of  the  utmost  importance.    We  of  the 

*  Asst.  Gen.  Mgr.,  Union  Pacific  Coal  Co.     f  Received  Jan.  24,  1919. 
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West  probably  have,  or  at  least  feel  that  we  have,  a  greater  freedom  than 
exists  in  some  other  parts  of  the  countryi  so  that  we  possibly  come  in 
closer  contact  with  the  employees  than  is  possible  in  some  other  localities. 
This,  in  a  nmnber  of  cases,  has  been  the  means  of  avoiding  serious  trouble. 
The  closer  the  personal  relations  between  the  employer  and  the  employee, 
the  easier  it  is  to  get  together  and  talk  over  difficulties  and  questions  that 
are  constantly  arising.  The  fact  that  the  employees  are  allowed  to  state 
their  grievances  and  have  an  opportunity  to  be  shown  the  employers' 
point  of  view  will,  in  many  cases,  go  a  long  way  toward  keeping  relations 
friendly. 

WiiiL  L.  Clark,  Riverside,  Cal.  (written  discussion*). — In  the  large 
operating  metal  mines  of  the  western  part  of  the  United  States  the  situa- 
tion is  one  of  much  complexity,  due  to  the  plan  of  wage  schedules  effec- 
tive during  the  European  war  and  based  on  the  average  monthly  price 
per  pound  of  copper.  It  would  have  been  much  better  for  the  western 
mining  industry,  in  general,  if  an  allotment  had  been  made  from  surplus 
annual  earnings,  for  it  seems  most  desirable  that  workmen  should  have 
some  interest  in  an  operating  company  experiencing  a  good  year  and 
producing  an  amount  sufficient  to  allot  each  workman,  having  a  clear 
record,  $100,  or  more,  annually. 

Detailed  attention  to  welfare  provisions  is  now  the  practice,  in  all 
western  mining  camps  of  the  large  copper  companies.  The  question  of 
uniform  wage  schedules  should  be  formulated  promptly;  and  during  its 
consideration  with  employees,  there  might  be  included  the  preliminary 
discussion  of  uniform  workmen's  compensation  plan,  including  sickness 
and  accident  allowances.  It  is  a  serious  reflection  on  the  ability  of  the 
executives  of  western  metal  mining  companies  that  they  have  not 
devoted  time  and  concerted  effort  to  reach  an  agreement  with  employees 
as  to  a  sensible  wage  schedule  and  compensation  for  sickness  and  accident; 
but  instead  have  run  along  under  a  haphazard  temporizing  policy.  This 
necessity  once  met  and  arranged  for,  the  mining  camps  as  now  conducted, 
free  from  the  saloon  evil,  offer  high  wages  and  fine  climatic  and,  gener- 
^y>  good  living  conditions. 

The  best  opportunities  for  investments,  where  one  is  able  to  form 
first-hand  opinion,  are  producing  mines  or  speculative  chances  in  new 
prospects  being  opened  in  a  miner-like  and  proper  business  manner,  as 
differentiated  from  the  wild-cat,  stock-selling  promotions,  also  the  prod- 
ucts from  nearby  farm  lands  are  assured  of  an  exceptional  market  and 
many  miners  invest  and  retire  to  country  life. 

This  digression  from  the  main  subject,  which  has  been  well  stated 
by  Mr.  Wilson,  is  to  call  attention  to  the  opportunity  that  exists  for 
young  Americans  in  mining  and  related  occupations.  The  metal  mines 
and  ore-reduction  plants  offer  work  that  is  interesting  and  not  arduous. 

*  Received  Jan.  31,  ]919. 
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The  young  Americans  appear  recently  to  have  taken  up  minmg  work,  not 
as  ia  vocation  but  as  an  opportunity  to  travel,  jumping  from  place  to 
place,  while  the  foreigner,  appreciating  good  wages,  has  held  on,  until  tbe 
proportion  now  engaged  is  surprisingly  large,  in  some  mines  80  per  cent. 
An  observer  retiu'ning  from  the  battle  front  in  France  said  there  were 
three  things  noticeable  about  the  American  soldiers,  in  camp:  First,  they 
were  regularly  hungry;  second,  broke;  third,  always  wishing  they  were 
somewhere  else.  The  last  is  true  of  oiu*  young  men  with  reference  to 
all  ordinary  or  common  labor.  A  large  proportion  of  the  orchard  and 
garden  workers  in  California  are  Japanese,  Chinese,  Portuguese,  Mexicans, 
and  a  few  Indians  and  other  native  Americans.  American  youths  have 
not  displayed  sufficient  persistence  to  make  producing  war  gardens. 
Can  they  be  induced  to  take  up  mining  and  other  ordinary  vocatiom 
and,  if  so,  how  is  efficient  work  to  become  the  rule  and  provide  for  the 
continuance  of  high  wages?  In  a  recent  article,  Mr.  Mitke  says  "Time 
studies  will  lead  to  mutually  advantageous  results,  but  in  the  minds  of 
workmen,  unfortunately,  the  idea  of  time  studies  is  so  closely  associated 
with  speeding  up  the  work  that  they  are  inclined  to  look  on  them  with 
suspicion." 

One  of  the  reasons  for  this  belief  is  that  the  men  are  not  informed  and 
given  opportunity  to  cooperate  in  the  whole  study.  Clearly  a  better 
understanding  with  the  workmen  can  be  arranged  and  every  one,  by 
meetings,  lectures,  and  examples,  shown  the  advantage  to  him,  and  his 
class,  of  accomplishing  a  fair  day's  work,  without  waste  of  effort.  Every 
local  superintendent  and  manager  knows  how  almost  maddening  it  hss 
been  to  observe  unskilled  and  time-killing  laborers,  and  to  feel,  since  the 
foreman  or  boss  is  no  longer  a  driver,  that  there  was  not  available  any 
relief.  Now  the  immediate  necessity  of  bettering  the  labor  situation 
should  evolve  this  and  conferences  be  arranged  to  formulate  agreements. 

Another  phase,  which  Bolshevism  has  made  immediate,  is  brought 
out  in  the  annual  report  of  the  Secretary  of  the  Interior,  Hon.  Franklin 
K.  Lane,  for  1918.  He  says:  "To  the  necessity  for  more  thorough  educa- 
tion of  the  people  all  countries  have  become  keenly  alive.  As  we  move 
further  and  further  from  the  war,  we  will  discover  much  that  we  do  not 
now  see.  But  this  one  thing  stands  out  more  plainly  than  ever  before^ 
that  this  world  is  to  belong  to  the  workers,  those  who  do  and  those  who 
direct  the  doing.  Not  merely  to  those  who  drive  the  nail  or  lay  the  brick, 
but  also  to  those  who  have  come  to  a  higher  capacity  through  education 
and  large  experience,  the  men  of  scientific  knowledge,  of  skill  in  the  arts,  of 
large  organizing  capacity,  ease,  and  sheltered  repose  will  come  only  to 
those  who  themselves  have  earned  it. "  In  the  opinion  of  the  writer,  it 
is  of  the  greatest  moment  that  wage  schedules  for  metal  mines  be  formu- 
lated and  all  the  time  and  effort  required  be  devoted  to  the  adjustment 
to  practical  working  and  living  conditions. 
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INDUSTRIAL  SECTION 

This  department  is  devoted  to  material  concerning  the  products  or  operations 
of  manufacturers,  which,  in  the  estimation  of  the  Eaitor,  is  of  news  value  to  the 
mining  and  metallurgical  field  but  does  not  come  within  the  scope  of  the  main 
editorial  section  of  the  Bulletin. 

Manufacturers  are  invited  to  submit  to  the  Editor  items  descriptive  of  new 
equipment  or  processes,  large  or  significant  installations,  and  similar  material 
of  news  character.  If  found  available,  items  thus  furnished  will  be  published  in 
this  section  without  charge,  subject  to  such  editorial  revision  and  condensation 
as  may  be  necessary. 

In  cases  where  illustrations  are  required,  cuts  of  the  proper  size  should 
accompany  the  text  matter. 


CRANE  PROTECTIVE  PANELS 

The  crane  protective  panels,  manufactured  by  the  General  Electric  Co., 
Schenectady,  N.  Y.,  provide  overioad  and  under  voltage  protection  for  the  indi- 
vidual motors  as  well  as  for  the  crane  as  a  whole.  They  are  equally  well  adapted 
for  use  with  manual  or  magnetic  contactor  control  equipments.  The  panels  are 
compact,  enabling  them  to  be  mounted  in  the  crane  cab  along  with  the  emer- 
gency switch,  manual  controllers,  and  master  switches,  all  within  easy  reach  of 
the  operator.  They  are  made  for  three-,  four-,  and  five-motor  cranes,  with  a 
maximum  capacity  of  300  hp. .  For  more  than  five  motors  or  more  than  300 
hp.,  two  panels  are  used. 

QUARRYING  SANDSTONE  IN  MINNESOTA 

The  plant  of  the  Kettle  River  Co.,  at  Sandstone,  Minn.,  produces  about 
10,000  cu.  yd.  of  Kettle  River  sandstone  each  year  at  the  rate  of  60  cu.  yd.  a  day, 
which  it  handles  by  means  of  derricks,  a  system  of  railroad  tracks,  cars  and  loco- 
motives, and  a  recently  installed  Lidgerwood  cableway.  This  cableway  has  a 
650-ft.  span  and  a  5-ton  capacity.  It  serves  the  crushing  plant  with  stone  from 
the  quarry.  After  material  has  passed  through  the  crusher,  it  goes  to  storage 
bins  from  which  it  can  be  emptied  into  railway  cars.  Building  material,  etc.,  is 
loaded  on  cars  by  means  of  derricks.  The  plant  is  fitted  out  with  Leschen  Wire 
Rope.  Hercules  (Red-strand)  is  the  choice  tor  hoisting  and  galvanized'  cast  steel 
for  guys. 

BEATS  THE  SWEATER 

We  learned  a  good  many  things  from  our  war  experience.  One  was  that  the 
old-fashioned  sweater  was  not  the  best  protection  from  exposure  for  the  soldier; 
it  was  warm  enough  but  did  not  keep  out  the  rain.  So  the  trench  vest  was 
developed  to  replace  the  sweater  and  is  both  warm  and  waterproof.  Anyone 
who  can  use  shears  and  needle  and  thread  can  make  one  in  a  couple  of  hours. 
The  material  used  is  a  medium-weight  fabrikoid  (a  leather  substitute)  having 
a  napped  back,~and  the  vest  weighs  but  a  few  ounces.  It  requires  no  lining,  the 
napped  back  of  the  material  serving  that  purpose.  It  is  as  warm  as  a  sweater, 
is  dirt,  grease,  water,  and  stain-proof,  and  is  washable  with  soap  and  water.  It 
is  much  more  durable  than  a  woolen  sweater  and  not  nearly  so  likely  to  catch  on 
daUb  and  tear. 
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CLSARING  LAND  WITH  T.  N.  T. 

The  U.  S.  Government  is  said  to  have  a  large  amount  of  trinitrotoluol  (com- 
mercially called  T.  N.  T.)  on  hand.  In  fact,  the  sudden  ending  of  the  war  left 
in  the  magazines  more  of  this  explosive  than  the  ofhcials  know  what  to  do  witL 
It  has  been  suggested  that  some  of  it  can  be  used  for  blasting  the  stumps,  boulden, 
and  ditches  on  the  land  to  be  sold  by  the  Government  to  the  discharged  soldien. 
T.  N.  T.  is  a  quick  and  strong  explosive — ^about  equal  in  strength,  in  fact,  to 
40  per  cent,  ammonia  dynamite,  which  is  the  most  generally  used  explosive  for 
land  clearing.  It  is  non-freezing,  but  is  very  insensitive  and  requires  a  No.  8 
blasting  cap  to  detonate  it  successluUy.  This  cap  is  considerably  more  expeosiTe 
than  the  No.  6  cap,  generally  used  to  fire  charges  of  40  per  cent,  dynamite.  Dyna- 
mite works  all  right  in  wet  or  damp  soil.  T.  N.  T.  is  very  hydroscopic.  It 
takes  but  a  very  little  moisture  to  render  it  non-explosive.  Therefore,  if  it  is  to 
be  used  for  land  clearing  or  drainage  in  place  of  dynamite,  extreme  care  must  be 
exercised  to  keep  it  dry. 

TRADE  CATALOGS 

(Under  this  heading  will  be  listed  such  catalogs  or  other  adver- 
tising literature  as  may  be  received  during  the  preceding  month. 
Contributors  should  address  their  material  to  Engineering 
Societies^  Library,  29  West  39th  St.,  New  York.) 

A.  M.  LocKETT  &  Co.,  Ltd.    New  Orleans. 

Lockett  oil-burning  apparatus.    Automatic  fuel  oil  pumping  set.    1919. 

Eastman  Kodak  Co.    Rochester,  N.  Y. 

Price  list  Eastman  organic  chemicals.    January,  1919. 

General  Electric  Co.    Schenectady,  N.  Y. 

CR  440^B1  Crane  protective  panels  for  direct-current  motors. 

G-E  type  CP  circuit  breakers. 

G-E  self-contained  solenoid-operated  circuit  breakers. 

Line  material  and  rail  bonds  for  mine  and  industrial  haulage.     December, 

1918, 

Heine  Safety  Boiler  Co.    St.  Louis,  Mo. 
Boiler  Logic. 

■ 

Herold  China  and  Pottery- Co.    Golden,  Col. 

Coors  U.  S.  A.    Chemical  and  scientific  porcelain.    Feb.  1,  1 919. 

QuiOLEY  Furnace  Specialties  Co.    New  York. 

Bulletin  No.  10.    Powdered  coal  "flows  like  water."    October,  1918. 

Royal  Copenhagen  Porcelain.    New  York. 

Royal  Copenhagen  chemical  and  scientific  porcelain. 

Sullivan  Machinery  Co.    Chicago. 

Bulletin  72-C.    The  Sullivan  drill  sharpener,  for  hammer-forging  drill  hits 
and  shanks. 

75-D.    Sullivan  *'WA-5"  air  compressor. 

75-E.    Sullivan  "WB-3"  air  compressors. 

75-G.    Sullivan  small,  belt-driven  air  compressors. 

75-1.     Sullivan  portable  mine-car  air  compressors. 

SuppLEE-BiDDLE  BULLETIN.    Moucl  Metal.    Vol.  5,  No.  9. 

Thwing  Instrument  Co.    Philadelphia. 
Thwing  pyrometers.    Catalog  No.  9. 
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'roebling  Wire  Rope 
AND  Wire 


1840 


LONG  AND  SATISFACTORY  SERVICE 
which  Roebling  Wire  Rope  and  Wire  give  is 
the  chief  cause  of  their  great  demand  and  the 
remarkable  growth  of  ovir  organization. 

Over  seventy-flvc  years'  experience  in  wire 
rope  manu&cture. 

==  1919  ^^^ 


JOHN  A.  ROEBLING'S  SONS  CO. 

TRENTON,  NEW^  JERSEY 
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The  Engineering  Societiea  library  is  prepared  to  supply  the  original,  or  a  copy,- 
tranalation,  or  abstract  of  any  paper  mentioned  in  the  following  index,  at  the  following 
rates: 

IVanslations,  per  1000  words:  German  or  French,  $3.50;  other  languages, 

$4.60  and  upward,  by  arrangement. 
Oopies  of  articles,  maps,  drawings,  etc. 

Photoprints,  10  by  14  in.,  per  sheet $0.2A 

Typewritten,  pev  1000  words 1.00 

Bibliographic  searching,  abstracting,  etc.,  per  hour $1 .50 

Original  article,  publisner's  price,  plus  postage.    Orders  for  periodicab 
will  be  forwarded  to  the  pubusners,  and  bill  will  be  mailed  from  the 
Library. 
Address  communications  relating  to  the  Index  to  Engineering  Societies  Libraiy, 
20  West  39th  Street,  New  York. 

In  the  following  Index,  volume  numbers  are  given  in  heavy-^aced  figures,  ptge 
numbers  in  light^aced  figures.    Approximate  number  of  words  is  stated. 
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Mineral  Resources (6) 

Biining  Qeology  and  Mining  Practice (10) 

Ore-drassing  and  Preparation  of  Goal (12) 
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MINERAL  RESOURCES 

(Ezoept  Petroleum  and  Gas.    See  also  Mining  Geology  and  Minioc  Practice.) 


ALASKA'S  mineral  development  during  1918. 
J.  L.  McPhereon,  Min.  Jt  Set.  Pr.  (Jan.  11, 
1919)  lis,  45-8.     2500  w. 

ALASKA'S  mineral  production  reported  by 
Geological  Survey.  AUuka  R.  R.  Rec.  (Jan. 
7,  1919)  a,  70-1.     2000  w. 

ALUMINUM  industry  in  1918.  Metal  Ind. 
(Jan.,  1919)  17,  2.     900  w. 

ANTHRACITE  industry  in  1918.  Edward  W. 
Parker,  Coal  Age  (Jan.  16,  1919)  IS,  10^10. 
2200  w. 

ANTIMONY  in  1918.  K.  C.  Li.  Engno.  A  Min. 
Jnl.  (Jan.  11,  1919)  107,  64-6..     1000  w. 

ASBESTOS  industry.  Bnffng.  A  Min.  Jnl. 
(Jan.  11,  1919)  107,  61.     900  w. 

AUSTRALASIA  in  1918.  W.  P.  Geary,  Bngng. 
A  Min.  Jnl.  (Jan.  11,  1919)  107,  121-3. 
Gold,  tin  and  copper  production. 

BRIEY  iroQ  industry.  La  industria  del  fierro  y 
la  ouenoa  de  Briey.    Bd.  ds  Minat.  (Sept.  30, 

1918)  10,  117-21.     2200  w. 

BRITAIN'S   mineral  resources.     Qiuarry   (Jan., 

1919)  $4,  7-9.     2000  w.     From  report  of  Sir 
Lionel  Phillips. 

BRITISH  Empire,  Imperial  Institute  map  of  the 
chief  sources  of  metals  in  the.  Oeol.  Mag. 
(Dec,  1918)  S,  643-6.     1600  w. 

CADMIUM  supply  of  the  United  States.  C.  E. 
Siebenthal.  BuU.  A.  I.  M.  E.  (Dec.  1918) 
1762-9.     2600  w. 

CHILEAN  nitrate  industry,  Influence  of  Ameri- 
can developments  on  the.  Am.  Fertilizer 
(Jan.  4.  1919)  SO,  60-2.  800  w.  From 
Chem.  Tr.  Jnl.,  London. 

CHROME  in  Africa.  Big  deposits  of.  Metal 
Bee.  (Dec,  1918)  4,  406.     300  w. 

CHROME  ore  in  1918.  F.  F.  Sharpless,  Engng. 
A  Min.  Jnl.  (Jan,  11,  1919)  ICTT,  81-2.  700 
w. 

CHROME  sands  on  the  Pacific  coast.  Justice  F 
Grugan.  Chem.  A  Met.  Engng.  (Jan.  16, 1919) 
aO,  71^-81.     2000  w. 
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COAL  in  SpiUbergen.  W.  H.  ^Vileockson.  Gt^. 
Mag.   (Dec.  1918)  S,  629-32.     1800  v. 

COAL — now  and  next  year.  C.  E.  Lcaher,  Ced 
Age  (Jan.  10.  1919)  IS,  99-104.     3000  w. 

COAL-produeing  states  diuing  1918.  ActiTita* 
in  different.  Coal  Age  (Jan.  16,  1919^  li. 
82-8.  20.600  w.  Mostly  mine  inspecUsa' 
reports  from  different  states. 

COKE  industries  during  1918,  Connellaville  and 
by-product.  B.  E.  V.  Luty.  Coal  Age  (Jan. 
16.  1919)  IB,  143-4.     2000  w. 

COPPER  for  1918.  Bngng.  A  Min,  JnL  (Jan.  11. 
1919)  107,  46.     600  w. 

COPPER  industry  in  1918.  Lake  Superi^?. 
James  McNaughton,  Bngng.  A  Min.  JnL 
(Jan.  11.  1919)  107,  50-1.     600  w. 

GERMAN  iron  and  steel  manufacturefs,  Secrvt 
Memorandum  of  the.  Iron  A  Steml  Tr.  Jid. 
(Dec  28.  1918)  712-3.     2500  w. 

GOLD  and  silver  in  1918.  Engng.  A  Min,  J^ 
(Jan.  11,  1919)  107,  41.    400  w. 

GOLD  in  Victoria.  Discovery  of.  Indua.  Atu^reL 
(Dec.  12.  1918)  60.  938.     700  w. 

GOLD  mining  industry.  To  save  our.  Inda*, 
Auftral.  (Dec  19.  1918)  60,  081.     1000  w. 

Edit. 

GOLD  production  in  Western  Australia.  IniuM. 
Awtral.  (Aug.  29.  1918)  60,  294.     1000  w. 

GOLD.  Report  of  the  committee  on.  Min.  A 
Sci.  Pr.  (Jan.  4,  1919)  US,  9-12.     5000  w. 

GRAPHITE  in  1918.  Bngng.  A  Min,  Jml  (Jan. 
18,  1919)  107,  147-8      1500  w. 

GRAPHITE  in  1918,  Alabama.     W.  F.  Prmatf. 

194—5.     2000  w. 

GRAPHITE  industnr,  Canadiaa.  Ho^  ^ 
Spenoe.  CAsw.  A  Mel.  Bnong,  (Jan.  15, 191f: 
to,  81.  500  w.  Abstract  fronk  AmC  Caaad. 
Dept.  Mines,  1917. 

IRON  and  steel.  Tremendous  blow  to  Gcnaaa. 
Bloat  Pur.  A  Stoel  Plant  (Jan.,  1919)  7.   IL 

sou  w» 
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"BULLDOG" 

Hollow  and  Solid 

MINING  AND  ROCK  DRILL  STEEL 

THE  STANDARD  EVERYWHERE 


Prompt  Deliveries  of  all  Sizes  and  Sections  from  Stock 


"BULLDOG"  Made-up  Drills  are  Unequalled 

a»-  StWD  FOK  PKICB  UST.  *»• 

INTERNHTIONilLHIGnSPEEDSTEELCO. 

WORKS:  ROCKAWAV,  N.  J.  OFFICES i  NEW  YORK 

I  Pacific  Coul:  Hamm.  Riclnnl  &  McCone.  Sao  Pnaciico.  Co). 

I  Notthwwt  State*:  WeiCem  Machinery  4  Equipment  Co,.  Spokane,  Wash. 

_______^_      T  BriliihColumbia;  E.G.P™r&Co.,Ltd..Victoria.B.  C. 

UafrtM^aana.   \  Copper  Rangt;  Wm.  G.  Phillini.  Houghton.  Mich. 

I  Eaitern  Canada:  H.  L.  Uiborae.  Toronto.  Can. 

\  New  BngUad  Sutei:  Cunll  Steel  Co..  Boaton,  Mau. 
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IRON  hill,  Wwtralia**.    Indu:  AuUroL  (Deo. 

19,  1918)  60,  1009.     1000  w.     From  report 

of    GoTerninent    QeolociBt.     Deeoribee    de- 

potiU. 
IRON  of  Lorraine.     Queetuiand  Oovl.  Min.  Jnl. 

(Dec,  1918)  19,  564.     800  w.     From  Min.  dt 

Sei.  Pr.,  Sept.  2l,  1018. 
IRON   ore  deponta  in   Savoy.     A.    Bordeaux* 

Lee  gieements  de  fer  de  la  Savoie.     Bull. 

Compt.  Rend.  Mens.  Soo.  de  Indust.  Min. 

(3d  No.,  1918)  14.  60-65.     16  p. 
IRON  ore  district  wins  war  honors.     Iron  Tr. 

Rev.   (Jto.   16,   1919)   64,  201-«.     2500  w. 

Lake  Superior  mines. 
IRON  ores  of  British  Ck>lumbia.     R.  C.  Camp- 
bell-Johnston.   Min.   JfU.    (Deo.   28,    1918) 

1S8,  760-1.    3000  w. 
LEAD.     Bngng.  dt  Min.  Jnl.  (Jan.  11.  .1919)  107, 

52.    600  w.    SUtistios  of  production. 


LEAD  and  sine  in  the  Joplin  district.     J«^  A. 

Zook.  Bngno.  db  Min.  Jnl.  (Jan.  11,  1910) 

lOT,  59.     800  w. 
LEAD     district.    The    southeastern     Missouri. 

H.  A.  Wheeler,  Bnong.  db  Min.  Jnl.  (Jan. 

11.  1919)  lOT,  132-3.     1800  w. 
LEAD    industry.     C.    Dantin.    L'industrie    du 

Plumb.      Mitaux,     Alliage§     dt     Maektnte 

(Nov..  1918)  11,  1-6.     5000  w. 
LIGNITE    ezperU    tour    U.    8.     Chem.    Swfr 

(Dec..    1918)   M,   496.    400   w.     Canadian 

scientists  survey  resources. 
MAGNESITE  and  sirconia.     Iron  Age  (Jan.  30, 

1919)    lOS,    304.     500    w.     From    London 

TimM.     Used  for  refractory  purposes,  out- 
put, etc. 
MAGNESITE  in  Washinfton.     AUuka  db  Norih- 

wet   Min.   Jnl.    (Nov.,    1918)    IJ.   97-100. 

5000  w. 
MANGANESE  at  Kandann.    ?.  Duns  tan, 

Queensland  Govt.  Min.  Jnl.  (Dec..  1918)  19, 

558.    500  w. 
MANGANESE  deposiU  of  East  Tennessee.    G- 

W.  Stose  and  F.  C.  Shrader.  Rmoutcm  of 

TennneM  (Oct..  1918)  8,  235-324. 
MANGANESE.     Developing     Arkansas.     Iron 

Tr.  Rev.  (Jan.  30. 1919)  64,  328^0.     1500  w. 

MANGANESE  in  1918,  Cuban.  John  B. 
Stewart,  Bngng.  db  Min.  Jnl.  (Jan.  25,  1919) 
lOT,  196.     500  w. 

MANGANESE  industry,  Deplorable  condition 
of  western.  Min.  dt  OU  Bull.  (Dec,  1918) 
6,  19-20.     900  w. 

MANGANESE  ore  in  1918.  Bngng.  A  Min.  Jnl. 
(Jan.  11,  1919)  107,  77-8.     1200  w. 

MANGANESE  ore  in  East  Tennessee.  Henry 
V.  Maxwell,  Bngng.  db  Min,  Jnl.  (Jan.  18, 
1919)  107,  149.     700  w. 

MANGANESE  ore  mines  in  Northwest.  Iron 
Tr,  Rev.  (Jan.  23,  1919)  64,  273-4.     2000  w. 

MERCURY  in  Europe,  Minor  occurrences  of 
Roland  Sterner-Rainer,  Cftem.  db  Met, 
Bngng.  (Jan.  15,  1919)  SO,  82^.  2500  w. 
Translated  from  Oeterreichieche  Zeit.  JUr 
Berg,  und  Huttenweeen. 

MIAMI  district,  Oklahoma.  A.  E.  Bendelari. 
Bngng.  db  Min.  Jnl.  (Jan.  18.  1919)  lOT,  145. 
800  w.     Zinc  production. 

MINERALS  in  the  disputed  Chile-Peru  terri- 
tory. Min.  db  Sei.  Pr.  (Jan.  18.  1019)  118, 
78.    700  w. 

MINERALS,  Economic  limits  to  domestie 
independence  in.  George  Otis  Smith.  U.  S. 
Mineral  Reeourcee,  1917.     Part  I.  (Deo.  28, 

1918)  1-6.     3500  w. 

MINERALS,  International  control  of.  Court- 
enay  De  Kalb.  Min.  db  Sei.  Pr.  (Jan.  18, 

1919)  118,  7S-7.     2500  w. 
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MINERALS.  International  oontnd  of.  C.  K. 
Leith.  U.  S.  Mineral  Reeourcee,  1917.  Put 
I.  (Deo.  31.  19i8)  7-16.    4500  w. 

MINERAL  resouroes.  British.  Irenmoeger  (Dec 
21.  1918)  161,  68.     800  w.    Edit. 

MINES  and  the  mining  market  in  1918.  tfts. 
JfU.  Uan.  4.  1919)  114,  1-3.  2800  v. 
Reviews  points  of  interest. 

MINING  in  1918,  Labor  and.  F.  F.  Shsipliii. 
Bngng.  db  Min.  Jnl.  (Jan.  11,  1919)  IVT, 
66-8.    1600  w. 

MINING  in  Colorado  in  1918.  George  E.  Col- 
lins, Bngng.  A  Min.  Jnl.  (Jan.  18. 1919)  IIT. 
152-4.  3000  w.  Districts  reviewed.  Gold, 
line,  telluride. 

MINING  in  Ontario  in  1918.  Thomsi  W. 
Gibson.  Bngng.  db  Min.  Jnl.  (Jan.  11. 1»19) 
lOT,  108-10.     2500  w. 

MINING  in  Manitoba  durins  1918.  R.  C 
Wallaoe.  Bull.  Canad.  Min.  Imt  (JiL. 
1919)  17-20.     1000  w. 

MINING  in  Mexico  today.  Bngng.  dt  Ifii. 
Jnl.  (Jan.  25,  1919)  lOf,  17&-7.    2000  v. 

MINING  in  the  United  SUtes  in  1918.  Gcasii 
review  of.  Bngng.  db  Min.  JmL  (Jan.  11. 
1919)  lOT,  103-7.     5500  w. 

MINING  in  Utah  in  1918.  Edwaxd  B.  U- 
inski.  Bngng.  db  Min.  Jnl.  (Jan.  U,  19I») 
lOT,  178-83.     5000  w. 

MOLYBDENUM  ores  in  1918.  Bngng.  <t  Mi% 
Jnl.  (Jan.  11,  1919)  lOf,  82-8.     800  w. 

MYSORE  SUte.  Department  of  mioM  and 
geology.  Reeorde,  16,  1-50.  AnnssI  is- 
port  tor  the'year  1916-7. 

NATURAI<  resouroes  as  emphaaiaed  bf  tb 
lessons  of  the  war.  The  need  of  ocnsorvstus 
of  our  vital  and.  Henry  Sturgb  Diinfar, 
Sdenee  (Jan.  10.  1919)  4t,  27-31.    3500 «. 

NITRATE  industry.  Chilian.  J.  A.  H.  Out 
Bull.  Pan  Am.  Union  (Nov..  191$)  C, 
645-63.    4500  w. 

ONTARIO,  The  year  in.  Thomas  W.  Gibw. 
Bull.  Canad.  Min.  Inst.  (Jan..  1910)  11-7- 
2500  w.    Reviews  the  year  191& 

ORES  and  metalsL  Uncommon.  H.  C.  Mqv, 
Bngng.  db  Mtn,  JnL  (Jan.  11,  1919)  Uf* 
124-5.     1800  w. 

OUTPUT  of  coal,  Inereasing  tbe.  John  CStam, 
CoU.  Ouard.  (Dee.  13.  1018)  UO^  U43-& 
6000  w. 

PHOSPHATES  in  Spain  and  Korth  iMl 
Am.  FertUiMer  (Jan.  18.  1919)  ii.  SB41 
1500  w. 

POTASH  deposits.  Alsaoe.  Iron  db  Ceal  Tr, 
Rev.  (Dec.  20.  1918)  OT.  704.  UOO  f. 
From  paper  by  Paul  Keatner. 

POTASH   in    the    United    SUtes    of 

Production  of.     Bngng.  (Deo.  20,  1919  ^ 
704-5.     2500  w. 

POTASH  industiy  of  Alsace.     Bngi^.  (Dec  IT, 

1918)  106,  734.     800  w. 

POTASH  mines.  Alsatian.  Awi.  FertOiMr  (te. 
4,  1919)  60,  87.     600  w. 

POTASH    mines    and    works, 

Fertaieer  (Jan.  18,  1919)  M,  Z^7. 
From  Chem.  Tr.  Jnl..  London.    The 
and  French  views.  « 

POTASH  producing  oompany  getting  ism 
operation.  E.  M.  Allison.  Jr.,  M 
Min.  Rev.  (Deo.  80, 1918)  M,  17-9     ~ 

PRODUCTION  (coal)  in  Colorado  in  1918. 
the  outlook  for  the  ooming  yesr.  F. 
Whiteside.  Coal  Age  (Jan.  16.  1019) 
141-2.     1200  w. 

QUEBEC  mining  industry  during  tbs  ysv 
T.  C.  Denis,  BulL  cinad.  Mia.  Imt  ' 

1919)  8-11.    1000  w. 
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EXPLOSIVES 
Standards  for  11 T  Years 


THE  Du  Pont  Company  takes  pride 
in  the  fact,  that  in  meeting  the  ex- 
traordinary demands  in  its  resources 
since  1914,  it  was  able  at  all  times  to 
supply  contractors,  miners,  quarrymen 
and  others  with  explosives  for  industry 
and  agriculture. 

The  magnitude  of  this  accomplish- 
ment is  better  appreciated  when  you 
consider  the  increased  activity  of  all 
fuel  and  ore  mines,  quarries  and 
emergency  construction  operations. 

Du  Pont  production  kept  pace  wdth 
industrial  needs,  and  the  prevalent 
shipping  congestion  caused  little  de- 
lay. The  high  standard  of  QUALITY 
and  of  SERVICE  set  by  the  founder 
of  this  company  in  1802  has  been 
maintained  at  all  times. 


E.  \.  du  Pont  de  Nemours  &  Co< 

Powder  Makers  Since  1802 

Wilmington  Delaware 


[FleMe  mentioii  thii  BVLLanir  when  writing  adTertiMn.)  (0) 
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QUICKSILVER  in  TezM  in  1918.  W.  D.  Bur- 
oham.  Enong.  A  Min.  JrU.  (Jan.  18.  1919) 
lOT,    145-6.     800    w. 

REFRACTORY  materials  of  South  Wales. 
J.  Allen  Howe,  Quarry  (Jan.,  1919)  S4, 
11-6.    3600  w. 

ROCK  salt  in  Nova  Scotia,  Notes  of  a  discovery 
of.  L.  Heber  Cole.  Canad,  Min.  Jnl.  (Jan. 
8.  1919)  40,  8-9.     1000  w. 

SILVER  in  1918.  Edward  Brush.  Engng.  dt 
Min.  Jnl.  (Jan.  11,  1919)  lOT,  41-3.  2000  w. 

TRANSVAAL  mining  in  1918.  H.  F.  Marriott. 
Engng-  <t  Min.  Jnl.  (Jan.  11,  1919)  107, 
118-21.     3500  w. 

TUNGSTEN  industry  in  1918.  George  J. 
Young,  Enong.  A  Min.  Jnl.  (Jan.  11,  1919) 
107,  78-80.     2000  w. 

UNITED  SUtes  in  1918,  Coal  and  coke  produc- 
tion in.  Mfrt.  Rec.  (Jan.  9,  1919)  75,  92. 
1000  w. 

UNITED  SUtes,  The  coal  situation  in  the. 
Charles  R.  Van  Hise.  Uni9«r»€U  Engr. 
(Oct..  1918)  18,  58-64.     3500  w. 

WAR  minerals  meeting  at  Washington.  Court«>- 
nay  De  Kalb.  Min.  A  Sci.Pr.  (Jan.  11, 1919) 
lit.  41-3.     3500  w. 

WORLD'S  iron  and  steel  industry.  Future 
American  influence  in  regenerating  the.  Bltut 
Fur.  A  Steel  Plant  (Jan.,  1919)  7,  2-10. 
8000  w. 

ZINC.  Engng.  A  Min.  Jnl.  (Jan.  11,  1919)  107, 
57-8.     900  w.     Statistiofl  of  production. 

ZIRCONIA  as  a  refractory.  E.  H.  Rodd. 
Set.  Am.  Sup.  (Jan.  25, 1919)  87,  54.  2200  w. 
From  Jnl.  Soc.  Chem.  Ind. 

MINING  GEOLOGY  AND  MINING 
PRACTICE 

(See  also   Mineral  Resources) 

ACCIDENTS  in  electric  working  in  Prussian 
mines  during  1917.  Bemerkenswerte  UnfftUe 
in  elektrisohen  Betrieben  auf  den  B^gwerken 
Preussens  in  Jahro  1917.  Zt»ch.  Berg. 
HUtUn  u  SalinenwMen  (July  23,  1918)  tt, 
187-95. 

AIR  BLASTS  in  the   Kolar  gold  field.   India 
E.  S.  Moore.  BuU.  A.  I.  M.  E.  (Dec.  1918) 
1765-6.     600    w.     Author's    reply    to    dis- 
cussion. 

ALASKA  in  1917,  Gold,  silver,  copper  and  lead 
in.  G.  C.  Martin.  Alaska  Northwest.  Min. 
Jnl.  (Dec,  1918)  IS,  121-5.  4800  w. 
Review. 

BLACKDAMP,  Origin  of.  J.  Ivon  Graham. 
Queensland  Oott.  Min.  Jnl.  (Dec,  1918)  19, 
568-71.  4000  w.  Read  before  Inst.  Min. 
Engrs. 

BLASTING  costs  in  American  quarries.  Oliver 
Bowles,  Engng.  A  Contr.  {^Jku.  15,  1919)  61, 
56-7.  1500  w.  Examples  representing  effi- 
ciency. 

BUREAU  of  Mines  during  1918.  Work  of  the. 
Van  H.  Manning,  Coal  Age  (Jan.,  1919) 
16,  105-7.  2000  w.  Coal  opining  and  fuel 
investigation. 

CEMENT-GUN  in  a  bituminous  coal  mine.  Use 
of  the.  M.  S.  Sloman.  Mine  A  Quarry 
(Nov.,   1918)    11,   1092-6.     1700  w. 

CEMENT-GUN  process.  Method  and  cost  of 
coating  mine  roofs  and  ribs  by.  Engng.  A 
Contr.   (Jan.    15,   1919)   61,  64-5.     1000  w. 

CENTRAL  and  South  America.  Engng.  A  Min. 
Jnl.  {J An.  11,  1919)  107,  113-7.  5000  w. 
Review  of  mining. 

CENTRAL  station  Power  for  mines.  A. 
Tancig.  BuU.  Affiliated  Engng.  Socs.  of 
Minn.  (Dec,  1918)  S,  206-7.     1200  w. 
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CHROME  mining  in  Canada.  Robert  Haml. 
Engng.  A  Min.  Jnl.  (Jan.  18.  1919)  ItT.  144. 
1000  w. 

COAL-handling  plant  at  Sewalls  Point,  Virgiiua. 
Power  (Jan.  14.  1919)  49,  54-6.    1500  «. 

COAL  hoist  installationa.  New  eleetric.  Coa 
Ind.  (Jan.,  1919)  t,  16-7.    2000  w. 

COAL  mines.  Organisation  of  produettoo  com- 
mittees  at  bituminous.  Monthly  Labor  Ra. 
(Nov.,  1918)  7,  36-8.     800  w. 

COAL  mining  industry.  Nova  Scotia.  ProUemi 
of.  F.  W.  Gray.  Canad.  iftn. /nZ.  (Ju.  8. 
191^)    40,   4-^.     1200    w. 

COAL  mining  in  NaUl  during  1917.  J.  E. 
Vaughan.  South  A/r.  Engng.  (Nov..  191S) 
ft,  163.     1000  w.     Review. 

COAL  mining  in  the  Orange  Free  State  duriaf 
1917.  CT  E.  B.  Frood.  South  Aft.  Bugng. 
(Nov..    1918)    ft,    166.     1000  w.    ReTiew. 

(X)AL-mining  results  in  the  United  Ststcs  ic 
1918  and  the  present  outlook.  Cool  Jfr 
(Jan.  16.  1919)  16,  81.     800  w. 

COAL  mining.  Science  and  research  in.  Gtdtv 
W.  Harris,  Coal  Ago  (Jan.  2.  1919)  11, 17-i 
8000  w. 

COAL  stripping  in  the  United  SUtes.  WObv 
Greely  Burroughs,  Coal  Ind.  (Jan..  1919) 
S.  1-5.     3000  w.     Serial. 

COAL  stripping  operation,  Modern.  H.  L 
Palmer,  Coal  Ind,  (Jan..  1919)  S,  6-8.  \W 
w.  Describes  J.  R.  Crowe  Co.'s  pUat  «t 
Seammon.  Kan. 

COAL  tipple.  An  American.  R.  G.  Biad. 
CoU.  Guard.  (Dec.  27.  1918)  lit,  ISSM 
700  w.     At  Galloway,  W.  Va. 

COAL  tipple  of  the  Granville  minsa.  Coal  Ind, 
(Jan.,  1919)  t,  13-4.     1000  w. 

COLLIERIES,  Reinforced  concvete  in.  C«S~ 
Guard.  (Dec  27,  1918)  116, 1350-1.  1200  v. 
From  paper  by  B.  Taylor  at  meettag  of 
Manchester  Assn.  of  Engrs. 

COLLIERY  electrical  undertakings.  Inm  1 
Coal  Tr.  Ret.  (Deo.  27.  1918)  §7,  726. 
2000  w.  On  Electric  Power  Supply  Commit* 
tee's  report. 

COLLIERY  steam  plant:  the  setting  of  Lanes- 
shire  boilers.  Edward  Ingham.  CoU.  Guard 
(Jan.  3.  1919)  117,  25.     1500  w. 

CUTTING  coal.  etc.  Mavor.  Coubon  ft  Moor,; 
British  Pat.  119964.  Ill  Off.  Jnl.  (D«c| 
18.  1918)  2939.     100  w. 

DREDGING  areas.  Topography  and  geology  <i\ 
Charies  Janin,  Min.  A  SeL  Pr.  III.  (Ju.| 
25,  1919)  118,  122-3.     900  w. 

ELECTRIC  lamp  for  mines.  French  FkLg 
488140.  BuU.  Off.  Prop.  Indus!.  (Jnae  m 
1918)  88,  88. 

ELECTRICITY  in  mining.  L.  Tokm,  SeL  iA 
Art  of  Min.  (Dec.  28. 1918)  19, 169.  ISOO  v.,' 
Direct  current  motors;  limitation  of  armat 
current. 

EMPLOYMENT   management   at  ooal 
A.  W.  Calloway,   Cooi  Ind.  (Jan..  1919) 
20-1.     1500  w. 


EXPLOSIONS  in  Prussian  anthracite 

markable  during  1917.     Mittellungen  fli 
einige  der  bemerkenswertesten  Expic 
beim  preussuschen  Steinkohlenbergbao. 
Jahre.  1917.  Ztseh.  Berg.  HUttan  u.  Saht 
wesen.  (July  23,  1918)  88,  149-87.     38  p. 

FIRES.    Control    of    mine.     M.    OafaMs,  l\ 
emoouage  dee  feuz  de  mine.  Butt. 
Rend.  Mens.  Soc.  de  Indust.  MinJ(3d 
1918)  14,  67-77.-    10  p. 

GOLD    deposition    in    the    Bendigo    _ 
Queensland  Goat.  Min,  Jnl.  {Uee.,  1918) 
593-4.     1200  w.     From  report  of. 
wealth   Advisory  Council  of 
Industry. 
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GOLD  dredging  installAtioiis  in  bolatod  dis- 
trioto,  Power  plants  for.  Bngno.  <t  Ccntr. 
(Jan.  16.  1919)  SI,  62-3.     1600  w. 

GOLD  stealing  in  West  Australia.  Edit.  Aft'n. 
Mag.  (Deo.,  1918)  !••  290-1.     1600  w. 

GRAPHITE  mining  in  New  York  sUte.  D.  H. 
Newland,  Engng.  A  Min.  Jnl.  (Jan.  18, 1919) 
107,  148.     600  w. 

IRON  mining  in  the  United  States.  Engng.  A 
Min.  JM.  (Jan.  11. 1919)  lOT,  62-4.     2000  w. 

ITALY,  Iron  making  in.  Engr.  (Deo.  27,  1918) 
IM,  646.     2500  w. 

LABOR,  Employment  of  mine.  Herbert  M. 
Wilson.  BuU.  A.  I.  M.  E.  (Jan.,  1919)  83-5. 
1200  w. 

MACHINERY,  mining  coal  by.  M.  D.  Levin. 
Coal  Age  (Jan.  23.  1919)  IS,  176-8.     1200  w. 

MANGANESE  dioxide  in  rhyolite  tuff,  Rythmic 
banding  of.  W.  A.  Tarr.  Jnl.  OeoL  (Oct., 
Not.,  1918)  2S»  610-17.     2200  w. 

METHOD  of  mining  inllars  at  the  Fortuna  mine, 
Chile.  Charles  Hollister,  Queensland  Gowt. 
Min,  Jnl.  (Dec,  1918)  19,  566-7.  1600  w. 
From  Engng.  A  Min.  Jnl. 

METHODS  of  United  Verde  Extension  Mining 
(To..  Mining.  Charles  A.  Mitke.  BuU. 
A.  I.  M.  E.  (Jftn..  1919)  9-22.     4000  w. 

MINE-CAR  dump.  Rotary.  John  H.  D.  Peter- 
sen and  Albert  J.  Sayers,  U.  S.  Pat.  1287093. 
Off.  OoM.  (Deo.  10.  1918)  tS7,  259.     150  w. 

MINING  copper  at  Kennecott.  Alaska.  Min.  A 
Set.  Pr.  (Jan.  11.  1919)  118,  63-6.     1600  w. 

MINING  law  and  economics.  David  Bowen. 
CoU.  Ouard.  Serial; 'IL  (Deo.  13.  1918)  US, 
1243.  2000  w.:  IIL  (Dec.  27,  1918)  US, 
1353.  2000  w.;  IV.  (Jan.  3,  1919)  IIT, 
23-4.  2000  w.;  Serial,  Quarry  (Jan..  1919) 
S4,  6-7.     2000  w. 

MINING-machine.  Nils  David  Levin,  U.  S. 
Pat.  1286254.  Off.  Oas.  (Nov.  19,  1918) 
tS6,  636.  300  w.  U.  S.  Pat.  1290022.  Off. 
Gob.  (Deo.  31,  1918)  SS7,  1061.     600  w. 

MINERALS,  Simple  tests  of  economic.  Herbert 
Lang,  Min.  A  Sei.  Pr.  (Jan.  4,  1919)  US, 
19-21.     2500  w. 

MONUMENTS  of  Folly.  John  McComble. 
Min.  Mag.  IL  (Dec,  1918)  19;296-fi.  1800 
w.     Notes  on  gold  mining. 

POWER  plant  at  the  mine.     Ross  B.  Mateer, 
Jnl.  of  Bled.  (Jan.  16,  1919)  U,  76-7.     1000 
.  w.     Fuel  conservation. 

PROSPECTING,  Intensive.  George  O.  Marrs, 
Colo.  Sch.  Minee  Mag.  (Jan.,  1919)  9,  13-6. 
3000  w. 

QUARRYING  rock  for  cement  manufacturing. 
Stone  (Jan..  1919)  40,  19-21.  2000  w. 
Reviews  handbook  by  Oliver  Bowles. 

RADIUM  is  mined.  How..  Wallace  T.  Roberts. 
Mine  A  Quarry  (Nov.,  1918)  11,  1106-10. 
2000  w. 

ROCK-BURSTS  in  gold  mines,  Mysore.  Aft'n. 
Mag.  (Dec,  1918)  19,  326-7.     3000  w. 

SANITARY  eiifl^neers  get  direct  results  in  East 
Indian  mimng  camps.  Harry  N.  Jenks. 
Engng.  Newe-Ree.  (Jan.  23,  1919)  U,  172-6. 
2600  w. 

SHAFT  sinking  at  the  Senoca  mine.  W.  V. 
Featherly,  AftfM  A  Quarry  (Nov.,  1918)  11, 
1087-9.     1200  w. 

SHAKAN  molybdenite  mine.  Min.  A  Sci.  Pr. 
(Jan.  11,  1919)  118,  48.     300  w. 

SUB-STATIONS  at  an  American  colliery.  Coll. 
Ouard.  (Jan.  3.  1919)  117,  22-3.  1700  w. 
From  Coal  Age. 

SULFUR  mining  ap^tfatus.  Robert  £.  Car- 
miohael.  U.  S.  Pat.  1287879.  Off.  Oae. 
(Deo.  17,  1918)  S67,  486.     40  w. 
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TIMBER  set  for  inclined  shafts.  New.  Jum 
E.  Harding.  QueentlandOoeL  Mtn.  Jul  (Dee. 
1918)  19,  654-6.  800  w.  From  fsfnf.  i 
JIf in.  JnL 

TIPPLE  equipped  with  a  simpk  balaoeed  hori- 
sontal  screen.  Modern.  Frank  J.  Sehncder, 
Coal  Age  (Jan.  30.  1919)  16,  23a-S.    1200  w. 

TONOPAH,  Nevada.  Genesis  of  the  oral  at 
Edson  S.  Bastin  and  Francis  B.  Ltsey, 
U.  S.  Geol.  Sur.  Prof,  paper  104,  7-47. 

TUNGSTEN  ores.  The  genesb  of.  H.  W.  Tumr, 
Min.  Mag.  (Dec.,  1918)  19,  314.    SOOw. 

WIRE  ropes.  Interior  corrosion  of.  Canad.  Ifta. 
Jnl.  (Jan.  8.  1919)  40,  6-7.  2500  w.  Wm. 
Fleet  Robtertaon's  report  on  testa. 

ZINC  mining  in  Wisconsin.  J.  E.  Kenaedy, 
Engng.  A  Min.  Jnl.  (Jan.  11,  1919}  Iff. 
133-4.     600  w. 

ZINC  ores  of  the  Edwards  district.  St  LavKMe 
County.  N.  Y..  Genesis  of  the.  C  E 
Smith.  Jr..  N.  Y.  SUte  Museum  Btl 
(Sept.  1.  1917)  7-39. 


ORE-DRESSING     AND     PREPABi- 
HON  OF  COAL 

CLAYEY  ores.  Apparatus  for  clearing.  IBdwi 
F.  Goitra.  Thomas  F.  Moffitt.  Jesae  D. 
Dana,  and  Robert  W.  Erwin.  U.  S.  m 
1288404.  Off.  Oas.  (Dec.  17.  1918)  MT.  611 
300  w. 

COAL  crushing  installation  at  an  niinoii  am 
W.  G.  KimbaU.  Coal  Age  (Jan.  9, 1919)  lii 
62.     800  w. 

COAL  tipple  and  washery  at  Lehifh,  Vmt 
E.  P.  Stewart.  Coal  Age  (Jan.  2.  1919)  li, 
9-11.     1500  w. 

CONC^ENTRATING  mill.  New.  QiueM 
Govt.  Min.  Jnl.  (Deo*.  1918)  19,  SSShi. 
1000  w.  Plant  of  Cannindah  Copper  lift- 
ing Co. 

CONCENTRATION  of  lead.  sine,  sflrcr  ore  J* 
the  Zinc  Cori>oration's  mine,  (jeorve  C. 
Klug.  Min.  A  Sci.  Pr.  (Jan.  IS,  1919)  Ui 
89-92.     2500  w. 

CONCENTRATION  of  ores.  Oba  Wisa,  C.  a 
Pat.  1288350.  Off.  Gas.  (Dee.  17.  19lS» 
M7,  699.     40  w. 

CONCENTRATION  testa.  Rating  of.  R  T. 
Hancock,  Queensland  GoU.  Min.  Jul  (Deu, 
1918)  19,  571-2.  1000  w.  From  Jfit 
Mag.  [London]. 

CONE  separator.  Preparation  of  No.  4  baekv^ 
in  the.  Coal  Age  (Jan.  23,  1919)  II,  IH^ 
1200  w. 

COPPER  manufacture.  Niels  C.  GbnieBa 
and  Joseph  Eldridge  Barlow,  Cssai  nt 
188291.  Pat  Off.Rec.  (Jan.  14.  1919)  «. 
69.     100  w.    Lixiviating  ores  mth  SOi-). 

COPPER  ores  by  sulfitisation  and  flotatiM. 
Prooess  of  treating.  Nieb  C.  CSuiiteaMi^ 
U.  S.  Pat.  1286532.  Off.  Oae.  (Dee.  3, 1919 
.M7,  86.     125  w. 

ELECTRICAL  predDiUtion,  Notes  on.  Erwrt 
Edgar  Thum.  Chem.  A  MeL  Sngeg.  (J«>> 
15.  1919)  SO,  59-64.  5000  w.  Obaonbaai 
from  several  installations. 

FLOTATION  apparatus.  Arthur  C.  D»>^ 
U.  S.  Pat.  1285061.  Off.  Oae.  (Sof.  I* 
1918)  t56,  486.     200  w. 

FLOTATION,  Apparatus  for  the  aeparstios  d 
minerals  by.  ^Vederick  D.  S.  BobcrtA 
U.  S.  Pat.  1286111.  Off.  Oom.  (Not.  S^ 
1918)  M6,  788.     400  w. 

FLOTATION,  CoUoida  in.  Jaeksra  A.  Fes» 
Chem.  A  Met.  Engng.  (Jan.  15.  1919)  1^ 
52-3.     1000  w.    Letter. 
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Diamond  Drilling 


E.  J.  Lonfireai  Compan;  crew  exploring  low  grade  copper  deposit' 
in  Aritona  wiQi  a  Longrear  Diamond  Drill 

We  are  equipped  to  handle  exploration 
problems  In  any  district. 

Let  us  figure  on  your  work. 

Write  for  Bulletins 


Contract  Diamond  Drilling 

Manufacture  of  Diamond  Drills  and  Supplies 

Shaft  Sinking  and  Development 

E.   J.    LONGYEAR   COMPANY 

EXPLORING  ENGINEERS 
MINNEAPOLIS,         -         MINNESOTA 

|P1«H  mentioii  this  bidibtui  wbon  writina  advsctinn.l  (13 
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FLOTATION,  Galena  at  tb«  Central  mine. 
Broken  Hill,  disouaeion  on,  development  of. 
R.  J.  Harvey,  Bull.  171.  Inatn.  Min.  and 
Met.  (Dec.  12,  1918)  3-13.     5000  w. 

FLOTATION  patent,  An  oil.  Min.  db  Set.  Pr. 
(Jan.  4.  1919}  118,  24.  300  w.  U.  S.  Pat. 
744171. 

FLOTATION  prooees.  A.  W.  Allen,  Engno.  A 
Min.  Jnl.  (Jan.  II,  1919)  107,  97-100. 
4000  w. 

FLOTATION,  Process  of  treating  ores  by. 
Niels  C.  Chriatensen.  U.  S.  Pat.  1286531. 
OS.  Otu.  (Deo.  3,  1018)  157,  86.     100  w. 

FLOTATION,  Separating  minerals  by.     Anson 
G.    BetU.    U.    8.    Pat.    1286922.     Off.   Gat 
(Dec.  10,  1918)  S67,  214.     250  w. 

FLOTATION,  Troubles  in.  O.  C.  Ralston, 
Indus.  Austral.  (Aug.  29,  1918)  60,  296. 
1000  w.     From  Bngng.  ±  Min.  Jnl. 

GOLD-concentrator.  Alfred  R.  Mackie.  U.  S. 
Pat.  1286185.  Off.  Oat.  (Nov.  26,  1918) 
SM,  807.     300  w. 

GOLD  ores,  Troatin*.  J.  Penhale  and  W.  H. 
Treloar.  British  Pat.  120287.  III.  Off.  Jnl. 
(Dec.  31.  1018)  3069.     40  w. 

MAGNETIC  concentration  of  iron  ores  at  Mine- 
ville,  U.  8.  A.  La  concentration  mag- 
n6tique  des  minerals  de  fcr  k  MinevilTc 
(E>-U.),  Oinie  Civil  (Dec.  21,  1918)  7S, 
495-6.     700  w. 

MAGNETIC  separator,  American  motor-driven. 
Metal  Ind.  (Dec.  27,  1918)  18,  451.     400  w. 

MAGNETIC  separator  pulley.  John  P.  Bethke. 
U.  8.  Pat.  1286511.  Off.  Gat.  (Dec.  3.  1918) 
867,  81-2.     60  w. 

MECHANICAL  handling  of  coal.  Indus. 
Austral.  (Dec.  5.  1918)  60,  903-4.  1000  w. 
The  Chadwick  elevator. 

METALLIOores  treatment.  James  William 
Moffat,  N.  Z.  Pat.  40774.  N.  Z.  Pat.  Off. 
JnL  (Deo.  12,  1918)  7,  558.     100  w. 

MOLYBDENUM  in  ores,  Determination'  of. 
Welton  J.  Crook  and  M.  L'  A.  Crook,  Queens- 
land Govt.  Min.  Jnl.  (Dec,  1918)  16,  565-6. 
2000  w.     From  Min.  A  Sei.  Pr. 

ORE  concentration.  Mineral  separation.  N. 
A.  Corp,  Canad.  Pat.  187263.  Off.  Rec. 
(Oct.,  1918)  46,  2951.    '300  w. 

ORE  concentrator.  Gustave  Algort  Overstroni, 
Canad.  Pat.  187222.  Off.  Rec.  (Oct.,  1918) 
46.  2930.     400  w. 


ORE  dressing,  Notes  on. 
dt    Min.   Jnl.    (Jan. 
2500  w. 


A.  W.  Allen.  Engng. 
11.    1919)    107,   100-2. 


ORE  reducing  apparatus  and  process.  John  M. 
Longyear  and  John  T.  Jones,  U.  S.  Pat. 
1289835.  Off.  Gas.  (Dec.  31,  1918)  867, 
1015.     50  w. 

ORE  reducing  machine. '  Richard  Pickup  Park, 
Canad.  Pat.  188345.  Off.  Rec.  (Jan.  21, 
1919)  47,  79.     300  w. 

ORE  roasting  apparatus.  Allen  John  Garver, 
Canad.  Pat.  186776.  Off.  Rec.  (Oct.,  1918) 
46,  2726-7.     600  w. 

ORE  separator,  Pneumatic.  Marion  S.  Mac- 
Cartny  and  Charles  F.  MacCarthy,  U.  8. 
Pat.  1289846,  1289845.     Off.  Gas.  (Dec.  31, 

1918)  867,  1018.     350  w. 

PRECIPITATION  of  gold  from  its  solution  in 
cyanide.  Application  of  charcoal  to  the. 
H.  R.  Edmands.  Bull.  171,  Inst.  Min.  and 
Met.  (Dec.  12,  1918)  5-15.  3500  w.  Con- 
tributed remarks. 

PRECIPITATION  of  metals  from  cyanide 
nolutions.  The  effect  of  oxygen  upon  the. 
Louis    D.    Mills.   Bull.   A.   I.    M.   £.    (Jan., 

1919)  107-9.     800  w.     Discussion  of  T.  B. 
Crowe's  paper. 
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PROCESS  for  tha  extraotion  o(  copper  from  iti 
ores.  Hairy  W.  Morae,  U.  8.  Pat  1288121. 
Off.  OoM.  (Dm.  17,  1918)  Si7, 545-6.    250  w. 

PYRITES  on  the  Ramen-Breakow  sTttem. 
ChloridiaJng-roasting  of  burnt.  Peter  Kls- 
aon.  Min.  JTo^.  (Dee..  1918)  19,  301-13. 
10.800  w. 

RETORTS  for  carbonising,  roasting,  etc  A. 
Bradley.  Britiah  Pat.  119911.  it  Of.  JsL 
(Dec.  18,  1918)  2919.     100  w. 

SEPARATOR.  William  H.  Bot.  U.  S.  Pst 
1287624.  Off.  Gas.  (Deo.  17,  1918)  MT, 
420.     600  w.    • 

SEPARATOR  and  diatributor.  David  L.  Msr- 
tyn.  Canad.  Pat.  188342.  Off.  Rsc  (Jsi. 
21,  1919)  4T,  78.     300  w. 

TREATING  ores.  O.  Reeoe,  British  Pit. 
120044.  Ill  Off.  Jnl.  (Dec.  18.  1918)  296S 
75  w. 

ZINC  corporation.  Treatment  of  aeciuuulsted 
tailing  as  practised  by  the.  Georie  C. 
Klug.  Min.  Mag.  (Dec,  1918)  18.  291-300. 
2000  w. 

COAL  Ain>  COKE 

(See   also    Mineral    Resources,   Mining  (jeologr 
and  Mining  Practice,  Ore-dressing  and 
Preparation  of  Coal.) 


BEEHIVE  coke  oven  construction  due  to 
chanical  operation.  Changes  in.  George  W. 
Harris.  Coal  Age  (Jan.  9.  1919)  11.  44-8. 
2500  w. 

BEEHIVE  coke  ovens.  Apparatus  for  convertisc 
beehive  ovens  into  by-product.  Bemhara 
Zwillinger,  Canad.  Pat.  187166.  Off.  Rtc 
(Oct..  1918)  46,  2901-3.     8000  v. 

BLACKDAMP.    Origin    of.  J.    Ivon  GrahtB. 

Queensland    Govt.    Min.  Jnl.    (Dee.,   191S) 

18;    568-71.    4000    w.  Read   before  lost. 
Min.  Engrs. 

BRITISH  coal  tar  industry,  Progros  in  tbe. 
J.  B.  C.  Kershaw.  Gas  Agt  (J&n.  15,  1919] 
48,  77-9.     2500  w.     From  Coal  Age. 

BY-PRODUCT  coke  ouUtrips  beehive.  /r« 
Tr.  Ret.  (Jan.  2,  1919)  64,  99-101.    2000  v. 

BY-PRODUCT   coke    oven    induatry   in   1918 

C.  J.  Ramsburg.  Coal  Ind.  (Jan..  1919)  t, 

8-9.     1000    w. 
CEMENT-GUN  in  a  bituminous  coal  mine.  Vk 

of  the.     M.  S.  Sloman.  Af«n«  A  Quarrw  (Not. 

1918)  11,  1092-5.     1700  w. 

CHRONOLOGICAL  review  for  year  1918 
Coal  Ind.  (Jan.,  1919)  8,  37-43.  6500  v 
Events  of  interest  for  those  engaged  in  ectl 
and  coke  production  in  the  United  Statea. 

CLEVELAND  coal  situation  in  19 18.  Edwin  C 
Boehringer.  Coal  Age  (Jan.  23.  1919)  li> 
179-80.     1800    w. 

COAL — Ally  of  American  industry.  Wjllian 
Joseph  Showalter.  SaVtOtogr.  Mag.  (Kor.. 

1918)  84,   407-34.     700    w. 

COAL  dust,  Explosibility  of.  Edit.  CiA.  Gitari 
(Dec.  13,  1918)  116,  1247.     1000  w. 

COAL  economy  at  collieriea.  David  Wtltos. 
Iron  A  Coal  Tr.  Ret.  (Dec.  20,  1918)  9T, 
691-2.     4000  w, 

COAL  field.  Eastern  Midland.  CoU.  Gitsri. 
(Dec.  20,  1918)  116,  1297-8.  2500  v. 
Projected  developments. 

COAL  mining  industry.  Nova  Scotia,  Problew 
of.     F.  W.  Gray.  Canad.  Min.  Jnl.  (Jan.  S. 

1919)  40,  4-5.     1200  w. 

CO.KL  pockets  for  storage.  Concrete.  Coal  /W. 
(Jan..  1919)  8,  18-9.     1000  w. 

COAL,  Testing  of.  Henry  Kreisinger,  P«wr 
Plant  Engng.  (Jan.  1.  1919)  88.  4-8.    4000  v. 
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ROBT.  HOLMES  &  BROS. 

(INCORPORATED) 

Successors  to  Danville  Foundry  and  Machine  Co. 
30  NORTH  HAZEL  ST.,  DANVILLE,  ILL. 


I     DANVILLE,  ILLINOIS,  U.  S.  A. 

(PImw  mntion  tbii  atnXBitn  vhui  wiitiiK  >dvwtiMtB.l  {15, 
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COKE  company,  Plant  of  the  Seaboard  by- 
product. D.  Mac  Arthur,  (?a«  Age  (Jan.  1. 
1919)  43,  1-6.     3000  w.     Serial. 

COKE  industry  in  1918.  Warren  S.  Blauvelt, 
Coal  Age  (Jan.  23,  1919)  If,  181.     800  w. 

COKE,  Manufacture  of.  Arthur  Dougall  Duck- 
ham,  U.  S.  Pat.  1289045.  Off.  Oat.  (Dec. 
24,  1918)  tf7,  795.     100  w. 

COKE  on  the  Pacific  coast.  Outlook  for  metal- 
lurgical. Metal  Tr.  (Jan.,  1919)  10,  17. 
800  w. 

COKE  oven.  Robert  S.  Moss  and  Arthur 
Roberts,  U.  S.  Pat.  1289970.  Off.  Qom. 
(Dec.  31,  1918)  U7,  1023-4.     350  w. 

COKE  oven,  By-product — An  engineering  op- 
portunity. Edit.  CKem.  A  Met.  Engng. 
(Jan.  1,  1919)  tO,  2-4.     2000  w. 

COKE  oven  practice.  Economic  considerationa  in. 
Iron  A  Coal  Tr.  Rev.  (Dec.  13,  1918)  97, 
670.  1800  w.  DiBcuasion  of  paper  by  W. 
Colquhoun,  Coll.  Guard.  (Dec.  20,  1918) 
lit.  1301.  2000  w.  Resumed  discussion 
of  Mr.  Colquhoun's  paper  before  Midland 
Inst,  of  Min.,  Civ.  and  Mech.  Engrs. 

COKE  ovens,  Chester  producer  fired  by-product. 
J.  D.  Shattuck,  Gat  Age  (Jan.  1,  1919)  43, 
7-10.     2500  w. 

COKE  ovens.  Insulation  for  by-product.  P.  A. 
Boeck.  Gat  Age  (Jan.  1,  1919)  43,  24-6. 
1500  w. 

COKE  plant  at  Youngstown,  Republic  by- 
product. Gaa  Age  (Jan.  1,  1919)  43,  13-5. 
2000  w. 

COKE  plant,  Two  batteries  added  to.  Iron  Tr. 
Rev.  (Jan.  23,  1919)  64,  267-70.     2500  w. 

COKING  oven,  Hbrisontal.  La  Soc.  Franco- 
Beige  de  Fours  k  Coke.  Canad.  Pat.  188387. 
Off.  Rec.  (Jan.  21,  1919)  47,  91.     300  w. 

COLLIERY  steam  plant:  the  setting  of  Lanca- 
shire boilers.  Edward  Ingham,  Coll.  Guard. 
(Jan.  3,  1919)  117,  26.     1600  w. 

COOLING  ooke,  etc.  B.  E.  D.  Kilburn,  Britr 
ish  Pat.  r20329.  lU.  Off.  Jnl.  (Dec.  31. 
1918)  3086.     125  w.     • 

CRUCIBLE  furnace  for  coke.  E.  R.  Carroll, 
Model  Engr.  A  Electn.  (Dec.  19,  1918)  St, 
322-4.     1500  w. 

DISTILLATION  of  coal  at  low  temperatures. 
Chem.  A  Met.  Engng.  (Jan.  15.  1919)  tO, 
78-9.  1500  w.  Translated  from  Oinie 
CitU,  July  7.  1917. 

DISTILLATION  of  IHinois  and  Indiana  coals, 
Low  temperature.  C.  M.  Garland,  Bull. 
A.  L  M.  E.  (Dec,  1918)  1783-6.  700  w. 
Discussion  of  G.  W.  Traer's  paper. 

EFFECT  of  ammonia  recovery  methods  on  other 
by-products.  T.  B.  Smith,  Coll.  Guard. 
(Dec.  27,  1918)  116,  1354.  2500  w.  Read 
before  Coke  Oven  Mfrs.  Assn.;  Iron  A  Coal 
Tr.  Rev.  (Dec.  27,  1918)  97,  727.  2500  w. 
Abstract  of  paper  before  Coke  Oven  Mfrs. 
Assn. 

EXPLOSIONS  in  Prussian  anthracite  mines. 
Remarkable  during  1917.  Mittellungen 
fiber    einige    der    bemerkenswertesten    Ex- 

Elosionen  beim  preussischen  Steinkohlen- 
ergbau  im  Jahre  1917.  Ztsch.  Berg.  Hutten 
u.  Salinentcesen.  (July  23,  1918)  33,  149-87. 
38  p. 

GASIFICATION  of  coal.  J.  Seigle.  Considera- 
tions di verses  et  consequences  pratiques  au 
sujet  de  la  combustion  et  de  la  gasification  du 
carbone.  Bull.  Compt.  Rend.  Mens.  Soc. 
de  Indust.  Min.  (3d  No.,  1918)  14,  79-112. 
33  p. 

MACHINERY,  Mining  coal  by.  N.  D.  Levin. 
Coal  Age  (Jan.  23.  1919)  16,  176-8.     1200  w. 

ORIGIN  and  composition  of  coal.  George  Know, 
Set.  A  Art  of  Min.  (Dec.  28,  1918)  39,  161. 
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1400  w.  Abstract  of  lecture  before  Blisiac 
Students  Assn.  at  Wigan;  ColL  Guard.  (Dee. 
20. 1918)  116, 1300.  900  w.  Abs.ofketm 
before  Mining  Students  Assn. 

OVENS  at  Auburn  Junction,  Ind..  iDclioed 
chamber.  Gas  Age  (Jan.  15,  1919)  41, 
2600  w. 

OXIDATION  and  ignition  of  eoal.  Richanl 
Vernon    Wheeler,    Jnl.   Chem.   Soc.  (Dec, 

1918)  113-4,  945-5.     3500  w. 

PLANT  of  the  Seaboard  by-product  coke  com- 
pany.    D.    Mac  Arthur,  Gas  Age  (Jan.  IS, 

1919)  43,  69-73.  Serial.  Latest  ooke  orea 
practice. 

PRODUCTION,  Review  of  coal  and  eoke. 
Coal  Ind.  (Jan.,  1919)  t,  22-30.  2000  v. 
Serial. 

TESLA  ooal  mine.  J.  W.  Beckman,  Min.  ±  0^ 
BuU.  (Dec.,  1918)  3,  25,  28.     1000  w. 

PETROLEUM  AlVD  GAS 

BIBI  Eibat  OU  Company,  Ltd.  Herbert  Alks. 
Petr.  Rev.  (Dec.  28,  1918)  St,  4(Hhie 
3500  w.     The  situation  in  Russia. 

CALIFORNIA  production  in  1918  vent  to 
100,000,000  barrels — New  work  aetin. 
Oil,  Paint  A  Drug  Rep.  (Jan.  20,  191t) 
9i,     60.     2000     w. 

'COLUMBIA.  Texas,  brings  in  well  rannni  froB 
5000  to  15,000  barrels  ol  enide.  Oi 
Paint  A  Drug  Rep.  (Jan.  20.  1919)  N.  57. 
4000  W. 

DISTILLING  petroleum  and  the  like.  Method  of 
and  apparatus  for.  Layton  O.  SherntB, 
U.  S.  Pat.  1288711.  Off.  Gaz.  (Dee.  S4. 
1918)    137,   716.     150  w. 

DISTRIBUTION  of  cas.  W.  M.  Hendeisoa, 
NaturalGaeAOaaoline  (Jan..  1919)  U,  37-^1- 
3000  w.     Mechanical  side. 

FUEL  oil  production  in  California.  Jfi.  rf 
Elee.  (Jan.  15,  1919)  43,  80.  500  w.  Sam- 
mary  of  production  compiled  by  Calif.  State 
Min.  Bureau. 

GASOLINE  from  gas.  Making.  Mctor  BmIiM 
(Jan.,  1919)  13-14,  47.     1200  w. 

GASOLINE  from  natural  cas.  E.  A.  Sfieaccr. 
Jr.,  Natural  Gae  A  Gatolint  (Jan..  1919)  U> 
5.     600    w.     Criticism. 

GASOLINE  from  natural  gaa  by  afasorp^ 
methods.  Extraction  of.  Water  A  G^t  Bm. 
(Jan.,  1919)  39,  2&-6.  3000  w.  Ffcwn  Bst 
120,  Bureau  of  Mines,  by  Geonre  A.  Bunal 
P.  M.  Biddison.  and  G.  Q.  OberfeD. 

HYDROLOGY.  Petroleum,  apnlied  to  nid-eot- 
tinent  field.  Roy  O.  Nesf.  BfciL  A.  L  M.  t 
(Jan.,  1919)  1-8.     2000  w. 

KANSAS,  Promising  oil  territ<ir>'  in.  P».  B^ 
(Dec.  14.  1918)  39,  378.  600  w.  EUffxio 
field. 

MEXICAN  oil,  Romance  and  tra«dy  is  ^ 
story  of.  Mfre.  Rec.  (Jan.  9,  19X10  ^  ^ 
1500  w. 

NATURAL  gas.  Dr.  A.  Straban.  /raa  A  C^ 
Tr.  Rev.  (Deo.  13,  1918)  97,  666.  1000  «• 
Resources  of  Great  Britain. 

NATURAL  gas.  Determining  gasoline  in.  W.  P. 
Dykema  and  Roy  O.  Neal.  AutamaL  I'd. 
(Jan.  9,  1919)  40.  57-0.     1800  w. 

NATURAL  gaa.  Future  of.  Katmral  Gas  A  Gat- 
line  (Jan..  1919)  13,  20-2.  2000  w.  Ds* 
cussion. 

NATURAL  ^as:  ita  production,  aenrioa  sa^ 
oonservataon.  Samuel  8.  Wy«r«  tJ.  & 
Nat'l  Museum,  BuU.  102,  Part  7.    7-61 


NATURAL    gas.   Recovery    of    , 

W.  P.  Dykema.  Petr.  Rn.  (Dee.  14,  191$ 
39,  387.     1000  w.  (U.  &  Bureau  of  ICbm) 

Serial. 


BmXETlN.  A.  I,  M.  E.— ADVERTISING  SECTION 


Advanced  Methods  of  Ore  Handling 
at  a  Michigan  Iron  Mine 

AT  this  mine  the  Pneumatic  Rotary  Dump  unloads  the  ore  directly  into 
skips.  The  cars  are  completely  overturned  so  that  unloading  is  rapid 
and  dean.  There  is  no  uncoupling  of  trains,  the  cars  being  fitted  with 
l^ood  Equipment  Co.'s  swivel  drawheads,  and  the  cars  are  fed  through  and 
spotted  in  the  cage  by  a  pneumatic  feeder.  Solid  cars  are  used  with  the 
Rotary  Dump,  making  a  tremendous  saving  in  the  cost  of  building  and 
maintaining  cars. 

This  mine  formerly  used  end  dump  cars  and  hand  tramming — a  slow  and 
:xpensive  process  with  the  sticky  ore  mined  here.  So  that  besides  the  saving 
n  car  expense,  there  are  important  savings  in  labor,  speed  and  in  other  ways. 

The  Pneumatic  Rotary  Dump  is  adaptable  equally  to  old  and  new  mines, 
or  handling  iron,  copper  and  other  ores,  as  also  coal,  rock  and  other  coarse 
naterial.     To  learn  just  what  economies  it  would  effect  at  your  operation, 


wban  writloc  advartiMn.) 
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NATURAL-gM  storage.  L.  8.  Panyity,  BuU. 
A.  I.  M.  £.  (Jan.,  1919)  23-6.     600  w. 

NORTH  Texas  production  82.000  bbls.  Oildom 
(Jan.,  1919)  10,   13.     1800  w. 

OIL  deposits  in  England  and  Wales.  Iron 
db  Coal  Tr.  Ret.  (Dec.  13,  1918)  tT,  671. 
1600  w.    Serial. 

OIL  fields  of  northeastern  Teias.  W.  L.  Watts, 
Min.  ±  Oa  BuU.  (Dec..  1918)  6, 16-7,  27-8. 
2000  w.     Serial. 

OIL  from  mineral  sources.  Production  of.  F. 
MoUwo  Perkin,  0<u.  JrU.  (Dec.  24, 1918)  144, 
658-60.  Abstract  of  paper  and  discussion 
before  Inst.  Petr.  Tech.;  Page'g  Engng.  Wkly. 
(Oct.  26,  1918)  tS,  197-^8.  1200  w.  Sum- 
mary of  lecture  at  British  Scientific  Products 
Exhibition;  Potr.  Rew.  {Deo.  21,  1918)  19, 
393-4.  1600  w.  Serial.  Abstract  of  paper 
before  Inst.  Petr.  Tech.;  Bngng.  (Dec.  27, 

1918)  lot,  74&-7.  2200  w.  Reyiews  paper 
of  Dr.  F.  Mollwo  Perkin  before  Inst,  of 
Petr.  Tech.;  CoU.Gtuird.  (Deo.  27, 1918)  116, 
1349-60.  4600  w.  From  paper  before 
Inst,  of  Petr.  Tech.;  CoU.  Guard.  (Dec.  27, 
1018')  116,  1367.  900  w.  Editorial  review  of 
Dr.  F.  Mollwo  Perkin's  paper;  Iron  db  Coal  Tr. 
R§9.  (Dec.  20.  1918)  9T.  689.  1000  w.; 
Peer.  Rn.  (Dec.  28,  1918)  8f,  411.  1400  w. 
Serial.  From  paper  before  Inst,  of  Petr. 
Tech. 

OIL  industry,  Swedish.  Petr.  Rn.  (Dec.  28, 
1018)  39,  414.  700  w.  Developing  the 
KinnekuUe  field. 

OIL  refining  apparatus.  Horace  C.  Leete,  U.  8. 
Pat.  1288934.  Off.  Oom.  (Deo.  24,  1918)  tfT, 
769.    46  w. 

OIL  review  for  past  year.  OH  dt  Oat  Jnl.  (Jan. 
10,  1919)  if,  2.     2700  w. 

OIL  shale.  Arthur  L.  Pearse,  Min.  db  Set.  Pr. 
(Jan.  26,  1919)  118, 1 16-6.     1200  w.    Letter. 

Oil  shale  industry  in  Colorado.  R.  L.  Chase, 
Min.  db  8ei.  Pr.  (Jan.  18.  1919)  118,  82, 
600  w. 

OIL  shale  of  England  and  Wales.  Kimmeridge, 
Petr.  Rev,  (Dec.  28, 1918)  St,  416-6.  1800  w. 
From  "Memoirs  of  the  Geological  Survey.*' 

OIL  shales.  The  present  status  of.  CKem.  db  Met. 
Bngng,  (Jan.  1,  1919)  tO,  28-31.    3300  w. 

OIL  srielding  shales  in  the  province  of  New  Bruns- 
wick. Louis  Simpson,  BuU.  Canad.  Min. 
Inst.  (Jan.,  1919)  42-7.     2000  w. 

PARAFFIN  dirt  of  the  gulf  coast  oU  fields.  An 
interpretation  of  the  so-called.  Eugene 
Wesley  Shaw,  BuU.  A.  I.  M.  E.  (Jan..  1919) 
98-101.  1000  w.  Discussion  of  A.  D. 
Brokaw's  i>aper. 

PETROLEUM  and  reconstruction  problems. 
Chester  Naramore,  BuU.  A.  I.  M.  JS.  (Jan., 

1919)  14-8.     2600    w.. 

PETROLEUM  in  C^alifornia.  Engng.  db  Min. 
Jnl.  (Jan.  18.  1919)  107,  146.     600  w. 

PETROLEUM  in  Cuba.  P.  Ortega,  El  Petroleo 
en  Cuba.  Rev.  Soo.  Cubana  de  Ingenieros. 
(Dec,  1918)  10,  700-6.     2000  w. 

PETROLEUM  industry  of  Mexico.  E.  de  Gol- 
yer.  Petr.  Rev.  (Dec.  14.  1018)  St.  383-4. 
1800  w.     Increase  in  production. 

PETROLEUM 'industry,  Some  generar  observa- 
tions on  the.  Van  H.  Manning,  Jnl.  Soc. 
Automot.  Engrs.  (Jan.,  1919)  4,  36-^. 
3500  w.  From  address  before  the  Recon- 
construction  Conference  at  Atlantic  CHty. 
Deo.  4,  1918. 

PETROLEUM  industry,  Science  in  the.  Petr. 
Rev.  (Dec.  28,  1918)  St.  413-4.     800  w. 

PETROLEUM  in    the     Derbyshire  coslfield. 

Search  for.     T.   Sington,  iron  db  Coal  Tr. 

Rev.    (Dec.  27.    1918)    t7,    724.  3000    w. 
Serial. 
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PETROLEUM  in  the  United  SUtes.  Bmo-  A 
Min.  Jnl.  (Jan.  26,  1019)  lOT.  183.    800  v 

PETROLEUM,  Origin  of.  Alfred  Petenos 
Petr.  Rev.  (Deo.  14,  1918)  St,  377.  1000  v. 
Why  anticlines  are  not  always  oil-bcariog. 

PETROLEUM  '  production  and  exktuftioB. 
L.  P.  Breckenridge,  Coal  Age  (Jan.  16. 1911) 
IS,  127.    200  w.     Charts  explained. 

PETROLEUM,  Record  breaking  year  in  ontpot 
of.  Mfrt.  Ree.  (Jan.  16.  1919)  Ti,  834 
1600  w. 

PETROLEUM  refining.  Andrew  CsnpfacD: 
Petrol  and  Petroleum  spirits.  W.  E.  Got- 
tentag.  Timet  Engng.  Sup.  (Dec.,  1918}  270 
1600  w.     Book  reviews. 

PETROLEUM  refining.  TwitcheU  ProceaCo. 
Canad.  Pat.  188395.  Off.  Rec.  {Jul  21, 
1019)47,93.     200  w. 

PETROLEUM  tour  across  Gr«at  Britain.  AIli« 
Petr.  Wld.  (Dee.,  1918)  IS,  495-505.  7500 
w.  Opening  of  the  British  Admiraltj'i  pi|it 
line. 

PETROLIFEROUS  deposits  in  Morocco,  a 
Mouasu,  Les  terrains  petrolifdres  so  Miroc 
BuU.  Soc.  Enc.  Ind.  Nat.  (Sept..  Oct.  1S18) 
ISO,  248^64.     2000  w. 

PIPELINES  and  refineries  of  Texss.  Petr.  Ra 
(Deo.  21,  1918)  St,  397-8.  400  w.  Dtte 
showing  the  magnitude  of  the  indoatry- 

SHALE  oil  industry,  Scottish.    Petr.  WU.  (Dee, 

1918)  IS,  600-9.     2000  w.     Tour  of  ABti 
Petroleum  Council. 

STRUCTURES  in  the  black  lime  as  dcznoB- 
strated  in  San  Saba  Ck>unty.  Texas.  J.  M. 
Sands,  OftZ/ni.  (Jan.,  1919)  10, 24-6.  1200*. 

TEXAS   individual   production.    OHdem  (Ju.. 

1919)  10,  14-16.     3000^w. 

TEXAS  review.  North  central.  A.  J.  Hailett, 
Oil  Jnl.  (Jan..  1919)  10,  14-21.     4500  w. 

WATER  from  oil  or  gas  wells,  One  of  the  prob- 
lems involved  in  excluding.  F.  B.  Toagbt 
Water  db  Gae  Rev.  (Jan..  1919}  tS,  2M. 
2000  w. 

WATER  in  famous  Mexican  well.  L.  M.  Faa- 
ning.  Oil  Jnl.  (Jan.,  1919)  10, 3-13.    1500  «• 

WATER  in  oil  and  gas  wells.  Methods  M  bat- 
ting off.  F.  B.  Tough.  U.  8.  Mines  BvH 
163.     7-118. 

METALLURGY  OF  IRON  AND  STEEL 

(See  also  Ore-dressing  and  Pftparation  of  CctL 
Coal  and  Coke,  Metallurgy  of  Non-fefroui 

Metals) 

ACID  Bessemer  process.  Richard  8.  Blc> 
Caffery,  Wie.  Engr.  (Jan.,  1919)  SS,  116-31. 
2200  w.     Research. 

ALLOY  steels.  Development  of  grain  bonsdinii 
in  heat  treated.  R.  S.  Archer,  BulL  A  L  M 
E.  (Jan.,  1919)  51-5.     1000  w.  . 

ALSACE-Lorraine  metallurgy.  (L'Absce-Lor- 
raine  m6t«Uurgie).  MUaSurgie  (Dec  18, 1918) 
60,  1841.     400  w. 

ARC  welding.  Notes  on  regulations  for.  H-  M- 
Ssyers,  with  discussion,  Blettn,  (Dec  20. 
1918)  81.  716-7.  3500  w.  Resd  befon 
Inst,  of  Elect.  Engrs. 

ARC  welding.  Regulation  for.  H.  M.  Bejen, 
Elect.  Rev.  [Lond.]  (Dec.  20.  1918)  SS,  6124- 
7000  w.  Abs.  of  paper  and  discoBsioD  bcfot 
Inst,  of  E.  E. 

ARC  welding  systems.  Otis  AHen  Ktojva. 
Elect.  W^'  (Jo^n.  25.  1919)  TS,  167-71. 
3800  w.     Advantages  of  each  method. 

ARC  welds.  Inspection  of  metallic  dcctmk 
O.  S.  Eschols.  Am.  Machinist  (Jan.  30. 19I«) 
60,  215-7.  2000  w.  Outlines  best  mcthodi: 
Metal  Tr.  (Jan.,  1919)  10,  18-19.     1500  w. 
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TRAYLOR  EQUIPMENT 

FOR 

MINE,  MILL  AND  SMELTER 


JAW  CRUSHERS  for  every  purpose  all  fitted 
with  cast  steel  water-cooled  pitman,  water- 
cooled  main  pitman  shaft  bearings  and  built  in 
sizes  from  7"  x  10"  Jaw  opening,  up  to  and  in- 
cluding the  Giant  66"  x  86"  crusher  weighing 
680,000  pounds,  the  largest  Crusher  in  the 
world.    Bulletin  J-i. 

CRUSHING  ROLLS  with  the  ''Fleeting  Roll" 
the,  only  Crushing  Rolls  built  which  have  an 
automatic  device  for  shifting  the  position  of 
the  fixed  roll  in  a  lateral  direction.  Corrugat- 
ing and  Flanging  of  the  Roll  shell  eliminated, 
thus  assuring  a  greater  tonnage  per  set  of  shells, 
also  a  greater  tonnage  of  finished  product  per 
horse  power  consumed.  Built  in  sizes  from 
1 8"  X 10"  to  70"  X  30"  inclusive.    Bulletin  R-i . 

SMELTING  FURNACES  for  Copper  or  Lead 
Smelting  equipped  with  Traylor  Patented 
Water  Jackets,  haviiig  the  tuydre  an  integral 
part  of  the  fire  sheet  which  is  free  from  all  pro- 
jections, also,  Traylor  quick  detachable  tuyere 
connection  and  many  other  features  which  have 
made  Traylor  Smelting  Furnaces  World  Stand- 
ard, as  evidenced  by  over  90%  of  aU  new 
smelting  equipment  purchased  during  the  past 
fiscal  year  being  made  by  us.    Bulletin  SF-i. 


COPPER  CONVERTERS  so  designed  that 
any  tuyere  can  be  removed  without  interfering 
with  the  others.  Tuyere  Boxes  that  can  be 
detached  without  disturbing  the  tuyere  pipes 
because  of  the  Williams  connections.  Shelby 
improved  Tuy^e  valve,  universal  air  connec- 
tion, all  features  that  make  for  efficiency  and 
ease  in  operation.    Bulletin  C-i. 


Traylor  Engineering  ^  Mfg.  Co. 


Main  Office  and  Works: 


AUentown,  Pa.,  U.  S.  A. 
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BLACK  finishee  on  iron  and  stoel.  Elmer  S. 
Whittier,  Metal  Tnd.  (Deo.  13.  1918)  IS, 
417-8.     1500  w. 

BLAST  furnaoe  field,  Dorr  thickener  in.  Iron 
Aoe  (Jan.  9,  1019)  IM,  112-6.     3500  w. 

BLAST  f urnaoe  gases,  Composition  of.  J.  Seigle, 
Remarques  relatives  a  la  composition  des 
g;ai  de  naut  fourneau  et  methods  volum^t- 
nques  ponr  le  calcul  de  gas  produit  et  du 
▼ent  souf96.  Bull.  Compt.  Rend.  Mens. 
Soc.  de  Indust.  Min.  (3d  No.,  1918)  U, 
lia-31.     19  w. 

BLAST  furnace,  Modern  500  ton  Brier  Hill- 
BUutFwr.  A  Steel  Plant  (Jan..  1919)  7,  38-42- 
2000  w. 

BLAST  f  urnaoe  plant  blows  in  first  stack.  BUul 
Pur.  A  Steet  Plant  (Jan.,  1919)  7,  50-6. 
8500  w. 

BLAST  furnace  practice.  Indian  Bngng.  (Not. 
30.  1918)  U,  306-7.  1200  w.  Conclusions 
of  committee  reports  to  the  Iron  and  Steel 
Inst. 

^  BLAST  furnace  slag.  Widening  demand  for) 
Clarence  E.  Wright,  Iron  Aoe  (Jan.  23,  1919. 
108,241-3.     1800  w.     Uses. 

BLAST  furnace  slags  in  the  manufacture  of 
cement.  Influence  of  gypsum  on  the.  Eu- 
phime  Bereslavsky.  Chem.  A  Met.  BngnQ' 
(Jan.  1.  1919)  tO,  25-8.     3500  w. 

BLAST  furnaces,  Dust  from.  Bntflieh  MecKanie, 
(Jan.  8,  1919)  108,  273.  400  w.  A.  W. 
Stockett,  U.  S.  Bur.  of  Mines. 

CANADIAN  iron  and  steel;  industry.  W.  Q. 
Dauncey,  Bull.  Canad.  Min.  Inst.  (Jan., 
1919)    22^.     900   w. 

CARBONIZING  methods.  Ancient  and  modern. 
Theodore  Q.  Selleck,  Am.  Drop  Forger 
(Jan.,  1919)  8,  7-12.     3500  w. 

CASTING,     etc.,     Metals.    J.     B.    Neesham 
British  Pat.  119941.     lU.  Off.  Jnl.  (Deo.  18, 
1918)  2933.     200  w. 

CASTINGS,  Gating  of  metal.  R.  V.  Hutchin- 
son. Metal  Ind.  (Dec.  20.  1918)  IS,  432-3. 
1700  w.  Method  of  producing  clean  cast- 
ings. 

CHANGES  in  iron  after  repeated  heating.  Sd. 
Am.  (Jan.  11,  1919)  ISO,  29.     400  w. 

CHILLING  and  case-hardening.  Mark  Mere- 
dith, Am.  Blackemith  (Jan.,  1919)  IS, 
88-9.     800  w. 

CHROME  steel.  ChUd  Harold  Wdls,  U.  S. 
Pat.  1288344.  Off.  Gob.  (Dec.  17,  1918) 
S67,  598.     35  w. 

CHROME  steel.  Physical  qualities  of  high. 
L.  R.  Seidell  and  G.  J.  Horvita,  Iron  Age 
(Jan.  30,  1919)  lOS,  291-4.  2000  w.  Rela- 
tion  between  hardness  and  double  carbides 
in  solution. 

CONTINUOUS  mills,  Motor  driven.  Iron  A 
Coal  Tr.  Ret.  (Dec.  27, 1918)  97,  726.  800  w. 
From  paper  bv  H.  C.  Cronk  before  Am. 
Iron  and  Steel  Elect.   Engrt. 

COTTRELL  process  of  flue  dust  recovery.  H.  J. 
Bush,  Iron  A  Coal  Tr.  Rev.  (Deo.  27,  1918) 
97,  728.  700  w.  From  Jnl.  Soc.  of  Chem. 
Ind. 

DENSITY  of  steel r  Does  forging  increase 
specific.  H.  E.  Doerr,  Bull.  A.  I.  M.  E. 
(Jan.,  1919)  79-81.     500  w. 

DEPOSITING  nickel  on  cast  iron  from  a  hot 
electrolyte.  R.  F.  Claik,  Metal  Rec.  (Dec, 
1918)  4,  401-2.     1200  w. 

DROP  forge  possibilities  abroad,  Some.  L,  W. 
Alwyn  Schmidt,  Am.  Drop^  Forger  (Dec, 
1918)  4,  471-3.  2500  w.  Discusses  condi- 
tions and  trade  in  foreign  countries. 

DUST  recovery  from  gas  scrubber  water.  Blaet 
Fur.  A  SUel  Plant  (Jan.,  1919)  7,  48.     500  w. 
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ELASTIC  afteiveffects  in  metals.  Ober  dn- 
tascbe  Naohwirkung  bei  Metallen.  H.  t. 
Wartenberg,  BeriehU  der  Deut.  Pkpe.  Getdl- 
echajt  (Aug.   30,   1918)   SO,   113-22.    10  p. 

ELECTRIC  furnace.  Application  to  metaUarff 
of  iron  and  its  alloys  (Dee.  27, 1918)  81.741- 
5.     2500  w. 

ELECTRIC  furnace  developmenU.  J.  Bibbr. 
Iron  A  Coal  Tr.  Row.  (Dee.  27.  1918)11. 
719-22.     8000    w. 

ELECTRIC  furnace  improvements  during  1918l 
A.  V.  Farr,  Blast  Fur.  A  Steel  Plant  (Jaa., 
1919)  T,  20-4.     1500  w. 

ELECTRIC  furnace  in  the  grey  iron   foundnr. 


rey 
.  (J( 


F.  H.  Bell,    Canad.  Maeky.  (Jan.  2, 1919)  tl, 
7-8.     1500  w. 

ELECTRIC  furnace  in  steel  making.  SUd. 
Timet  (Dee.  26,  1918)  383-4.    2000  w 

ELECTRIC  furnace.  Performance  of  smalL 
Am.  Drop  Forger  (Dec.  1918)  4^  477-9. 
1000  w.     Used  for  production  of  mchrome. 

ELECTRIC  furnaces  and  their  uses,  CommeraiL 
Automot.    Bngng.  II.,   Snyder  (Jan..   1919) 

4,  29-32.     2000.     Details    of    Snyder  far- 
naces. 

ELECTRIC  furnaces  for  steel  foundry  work. 
W.  E.  Moore,  Bia«(  Fur.  A  Steel  Plant  (Jan., 
1919)  T,  7&-7.     2000  w. 

ELECTRIC  furnaces  in  the  steel  industry  and 
their  relation  to  the  central  station  bosnees. 
Chem.  A  Met.  Engng.  (Jan.  15,  1919)  Sl^ 
73-6.    3500  w. 

ELECTRIC  smelting  of  iron  ore.  H.  Lorentaea. 
Jemmahn  og  Jernverk,  Tek.  UkMad.  (Not. 
29,  1918)  SS,  563-4.     1800  w. 

ELECTRIC  smelting  on  the  Pacific  coast.    W.  L » 
Morrison.  Jnl.  of  Elect.  (Jan.   15,  1919)  4t 
67-8.     1500  w.     From   paper   before  Port- 
land sections  of  A.  I.  E.  E.  and  N.  E.  L  A 

ELECTRIC  steel  for  ball  beatings,  Makinf. 
Arthur  V.  Farr.  Iron  Tr.  Ret.  (Jan.  16. 1919) 
•4,  211-6.  1500  w.  From  paper  before 
Am.    Drop   Forge   Assn. 

ELECTRIC  steel  industry.  The  status  of  tk». 
I  Edwin   F.   Cone,   Iron   Age   (Jan.  2,  1919) 

I  IDS,    60-2.     2500    w. 

>  ELECTRIC  steel  making.  Arthur  Y.  Fan, 
Machy.  [London]  (Jan.  2.  1919)  IS,  379-81. 
1500  w.  Abs.  of  paper  before  Am.  Drop 
Forge  Assn. 

ELECTRIC  welding  in  shipbuilding.  7rs«i  A 
Coal  Tr.  Ret.  (Deo.  20,  1918)  97,  702-3- 
2200  w. 

ELECTRIC  welding  in  ship  construction.  Jnl. 
Engra.'  Club  ofSt.  Louis  (Nov..  Dec.  1911) 

5,  323-4.     4000  w.     From  ^autieut.    Ab- 
stract of  paper  by  H.  J.  Cox. 

ENAMELS  for  cast  iron.  Homer  F.  S.  Stakj. 
JrU.  Am.  Ceramic  Soc.  (Oct.,  1918)  1,  703-9. 
1700  w. 

FATIGUE  of  metals.  A  theory  of  the.  EngUA 
Mechanic  (Jan.  3,  1919)  106,  273.  800  v. 
From  Ry,  A  Loco.  Engng. 

!  FERRO-aUoys  in  1918.  Robert  J.  Andenon. 
Engng.  A  Min.  Jnl.  (Jan.  11,  1919^  1ST, 
8S-6.     2500  w. 

FERRO-alloys  production  stimulated.  Iron  Tr. 
Ret.  (Jan.  2,  1919)  64,  118-20.     2000  w. 

FERROMANGANESE,  Analysis  of.  L.  R- 
Taylor,  Chem.  A  Met.  Bngng.  (Jan.  15, 1919) 
SO,  53.     400  w.     Letter. 

FERROMANGANESE.  Process  of  prodaoM. 
John  Tyler  Jones.  U.  S.  Pat.  1289799.  Of. 
Gas,  (Dec.  31,  1918)  SS7,  1006.     175  w. 

FERRO-metallio  alloys.  J.  Escard.  Lee  Alhagea 
ferro-m^talliques.  Ret.  Gen.  d.  Sci.  (Drc 
15,  1918)  S9,  673-80. 

FLU XEd,  A.  Carpmael,  British  Pat.  1 20005.  IZ. 
Off.  Jnl.  (Dec.  18.  1918))  2965.     100  w. 
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Silvcr-Uad,  Copper  and  Pyritic  Smelting  Worki,  Sampling  Works,  Copper  Bessemerlz. 
ing  Plants,  Rock  Crushing  Plants,  Stamp  Mills,  Chlorlnatlon  Mills,  Cyanide  Mills,  Cement 
Mills,  Timber  Creosoting  Plants,  Mine  Equipment,  Ore  Drying  Machinery,  Power  Trans- 
mission Machinery.  Apparatus  for  Pulverizing  and  Burning  Coal  for  Industrial  Purposes. 
Woodbury  System  of  Concentration,  Pachuca  Parral  and  Cyanide  Tanks,  Loomls- Petti- 
bone  Gas  Generators,  Suction  Gas  Plants  and  Oil  Englna. 

Write  for  Catelof s  Upon  tb»  AboTe  Sabjectf. 


SUPERIOR  McCULLY  GYRATORY  CRUSHERS 

OUR  NEW  DESIGN  (Patented) 

The  Last  Word  in  Gyratory  Crusher  Construc- 
tion, Lif<;  of  "Eccentric  and  Gears"  Lengthened 
"200% ,"  Because  All  "Dust  and  Grit"  is  Absolute- 
ly Excluded  and  "Cut  Gears"  run  "Quietly  in  Oil," 
Main  Shaft  60%  Stronger  tlian  any  Gsrratory  of 
Corresponding  Opening:  Area  of  Eccentric,  zoo% 
Greater  than  any  Machine  of  Equal  Size. 

Capacities — 30  to  1000  tons  per  hour,  built  in 
sizes  from  10"  to  54"  opening.  Ask  for  Bulletin 
of  this  new  machine. 


SUPERIOR  JAW  CRUSHERS 

We  were  the  Pioneer  Builders  of  Large  Jaw 
Crushers — Have  More  Large  Machines  in  Opera- 
tion than  all  other  Manufacturers  Combined — Re- 
peat Orders  for*84"x6o"  Machines  from  Chile 
Copper  Co.;  Chino  Copper  Co.;  Hardaway  Co.; 
Luossavaara  Kurunavaara  Aktiebolag.  Built  in 
sizes  from  36"  x  24"  to  84"  x  66".  Capacities — 70 
to  600  ton  per  hour.    Ask  for  Bulletin  No.  44. 


COPPER  CONVERTERS  GT.  FALLS  TYPE 

Manufactured  in  two  distinct  designs,  known  as 
the  Cananea  or  Copper  Queen  t3rpe,  and  the  Ana- 
conda type.  Both  designs  fumisned  with  side  or 
vertical  blow  tops,  of  any  desired  diameter  opening. 
Number  of  tuyeres  may  range  from  20  to  28,  as 
desired.  Blast  connection  may  be  placed  on  either 
side  of  converter. 

GARFIELD  CRUSHING  ROLLS 

Manufactured  in  a  wide  range  of  sizes,  to  meet 
the  requirements  of  discriminating 
engineers,  who  demand  an  exception- 
ally efficient  and  worthy  design.  Most 
sizes  of  Garfield  Rolls  so  constructed 
as  to  permit  the  use  of  oversize  roll 
shells.  A  wide  range  of  standard  de- 
signSy  and  also  several  special  types  equipped  with  heavy,  fly-wheel  type  pulleys. 


WORTHINGTON  PUMP  AND  MACHINERY  CORPORATION 

115  Broadway,    •    New  York 


Power  and  Mining  Machinery  Works, 


Cudaliy,  Wis. 
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FORGE  shop  at  the  ENineton  plant.  Modern. 
Am.  Dr€m  Forger  (Deo.,  1918)  4,  47i-6. 
600  w.     Special  marine  equipment. 

FORGE  shop  in  Rockford,  lU.  Am.  thop 
Forger  (Deo.,  1918)  4, 4^1.  800  w.  Equip- 
ment and  layout. 

FOUNDING,  Pattern.  David  Bourque,  U.  8. 
Pat.  1287625.  Off.  Qom.  (Deo.  17,  1918) 
tCT,  420.  200  w.  For  forming  molds  for 
casting  articles. 

FURNACES.  A.  Crowcroft  and  F.  Morris, 
British  Pat.  120348.     III.  Off.  Jnl.  (Dec.  31, 

1918)  3092.     100  w. 

FURNACES.  A.  Smallwood,  Brit.  Pat.  120269. 
/«.  Off.  Jnl.  (Dec.  30,  1918)  3055.  126  w. 
Liquid  and  gaseous  fuel  furnaces. 

FURNACES,  Electric  heated  industrial.  George 
J.  Kirkgasser,  Ind.  Management  (Jan.,  1919) 
•7,26-32.     4000  w. 

FURNACES,  Heating  and  preheating  forging. 
BUutFur.  <jfc  SUel  Plant  (Jan.,  1919)  T.  67-9. 
800  w. 

GAS  welding  methods.  J.  F.  Springer,  Ry.  A 
Loco.  Bngng.  (Jan.,  1919)  St,  24-5.     1800  w. 

HARDENING  of  carbon  steel  to  prevent  dis- 
tortion and  cracking,  Best  heat  treatment  in. 
Mngng.  Sngr.  (Dec,  1918)  C,  168-74. 
6500  w.  Serial.  London  Assn.  of  Foremen 
Engrs. 

HARDNESS  of  meUls.  La  duret4  des  mfttauz. 
Mitaux,  Alliages  et  Maehinee  (Nov.,  1918) 
11,  14-6.     2300  w. 

HARDNESS  of  soft  iron  and 'copper  compared. 
F.  C.  Kelley,  EUctrieity  (Dec.  27,  1918)  SS, 
692-6.  1000  w.;  Experiments  described; 
Iron  dt  Steel  of  Can.  (Dec,  1918)  1,  433-4. 
1200  w.  Abs.  of  paper  read  before  Am. 
Eleotrochem.  Soc,  Oct.,  1918. 

HARDNESS  testing.  Report  on,  relation  between 
bsdl  hardness  and  scleroscope  hardness. 
A.  F.  Shore,  Iron  A  SUel  of  Can.jTDec.  1918) 
1,  434-6.  lip.  Read  before  English  Iron 
and  Steel  Inst.,  Sept.,  1918. 

HARDNESS  tests.  Jnl.  Inst.  Mech.  Engrs. 
(Dec,  1918)  493-654.  Part  of  discussion  on 
subject. 

HEATING  furnaces  and  annealing  fxirnaoes. 
W.  Trinks.  Bloat  Fur.  A  SUel  Plant  (Jan., 

1919)  7,  69-72,  80.     3000  w. 

HEAT-treating^i  1918  developments  in.  James 
H.  Herron,  Am.  Drop  Forger  (Jan.,  1919)  C, 
63-4.     1000  w. 

HEAT-treating  plant,  Lincoln  Motor  Co.'s. 
F.  L.  Prentiss,  Iron  Age  (Jan  9,  1919)  108, 
107-11.     2200  w. 

HEAT  treatment  of  plain  carbon  steels.  A.  S. 
Chew,  Mngng.  Engr.  (Dec,  1918)  9, 
176-82.  4000  w.  Serial.  Birmingham 
Assn.  of  Mech.  Engrs. 

HIGH  speed  steels.  Durability  of.  R.  Poliakoff, 
Iron  Age  (Jan.  30. 1919)  lOS,  296-6.  1200  w. 
Russian  cutting  tests. 

INGOT  mould  for  steel.  Benjamin  Talbot, 
Canad.  Pat.  186903.  Off.  Rec.  (Oct.,  1918) 
46,  2789.     100  w. 

INGOTS,  Casting.  E.  W.  Davies,  Brit.  Pat. 
120334.  lU.  Off.  Jnl.  (Dec  31,  1918)  3088. 
100  w. 

INGOTS,  Production  of  solid  steel.  Iron  A 
Coal  Tr.  Rev.  (Dec.  27,  1918)  97,  729.  1000 
w.     Abs.  of  J.  E.  Fletcher's  paper. 

INGOT-etripper.  David  Kendall,  U.  8.  Pat. 
1288023.  Off.  Oaz.  (Dec.  17,  1918)  t67, 
620.     400  w. 

IRON  and  steel.  Bngng.  A  Min.  Jnl.  (Jan.  11, 
1919)  107,  60.     600  w.     Production. 

IRON  and  steel  problems.  J,  Frater  Taylor, 
Canad.  Engr.  (Jan.  23,  1919)  36,  164-6. 
1200  w. 
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IRON  ore  trade.  Notable  features  of  lab. 
Dwight  E.  Woodbridge,  Iron  Age  (Jsn.  % 
1919)108.50-2.     3600W. 

MALLEABLE  oast  iron,  Phosphonis  in.  J.  E 
Teng,  Iran  A  Stsel  of  Can.  (Dee..  1918}  1, 
446-53.  Read  before  EngUsh  Iron  and 
Steel  Inst..  Sept..  1918. 

METAL  biUets,  etc.,  ManipuUtang.  J.  8. 
Atkinson  and  Stein  A  Atklnaon.  sod  B.  F. 
Clark,  Brit.  Pat.  120225.  7S.  Of.  M 
(Dee.  30,  1918)  3039.     50  w. 

METALLURGICAL  problems  in  (3«mtiiy. 
Cosmo  Johns,  Iron  A  Sled  Tr.  Jnl.  (Dee.  2S. 

1918)  710.      1200   w.     Abs.  of  lecture  at 
Sheffield. 

METALLURGICAL  process.  John  Tyler  Jobci, 
U.  S.  Pat.  1288422.  Off.  Oat.  (Dee.  17, 1918) 
t§lf  610.  150  w.  Reduction  of  fia^ 
divided  ore,  containing  iron  and  manfsaeie, 
with  finely  divided  carbonaceous  oiatenal 

METALLURGY  in  1918,  Phases  of  iron  and  atcfL 
John  Howe  Hall,  irofi  Age  (Jan.  2,  1919) 
108,    27-8.     2500    w. 

MICRO-metallography  illumination.  Henry  U. 
Sayers,  Bmpig.  (Dec.  27.  1918)  106, 729^ 
3500  w. 

MILL  drive  developments.  Electric  steeL  Bnat 
^Tiley,  Blast  Fur.  A  Stoel  Plant  (Jan.,  1919} 
7,  35-7.     1200  w. 

MILL  is  largest  in  the  world.  Lokens  plate. 
Iron  Age  (Jan.  2,  1919)  109,  56H).    2O00w 

MILLS  at  Fairfield,  Ala.,  Plate  and  stnietunl 
Iron  Age  (Jan.  2,  1919)  108,  47-9.  m. 
4000  w. 

MILLS  with  modern  layout.  New  plate.  Wari 
Fur.  A  Stea  Plant  (Jan..  1919)  7,  43-7. 
2500  w. 

MODERN  developments  in  metallurgy.  Va- 
ture  (Dee.  19,  1918)  lOS,  302.  700  v. 
Brief  review  of  two  recent  books.  Insott 
and  Ingot  Moulds.  By  A.  W.  Bearley  aad 
H.  Bearley.  Industrial  Electro-metsllwii;. 
including  Electrolytic  and  Eleetro-tberaal 
processes.     By   Dr.   E.   K.    Rideal. 

MOLTEN  metal,  Injuries  from.  Cbola  C. 
Sherlock,  Metal  Ind.  (Dec.  IS.  1918)  U. 
413-4.  2600  w.  From  Iron  Age.  Hanidi 
and  responsibilities. 

MOLYBDENUM-eteel  versus  fun  eroaas. 
Masatosi  Oktehi,  Masaichi  Majand.  and  Na- 
oehi  Sato.  Jnl.  College  of  Engng.  Tok^ 
Imp.  Univ.  (Oct.,  1918)  11, 163^95.    5000  «. 

OCCLUSION  of  gases  by  metals.  Ekd.  Re». 
[London]  (Dec  27, 1918)  88,  628-9.  1500  «< 
Reviews  discussion  by  the  Faraday  Scdet?. 

OIL  cupolas.  Getting  results  with.  John  Ho«c 
Hall,  Iron  Tr.  Roe.  (Jan.  30,  1919)  M» 
326-7.     1500    w. 

OPEN  hearth  progress  reviewed.  The  yta\ 
F.  Crabtree,  Blaet  Fw.  A  SImI  PUMt  (Jsa. 

1919)  7.  32-3.     1200  w. 

OPEN  hearth  steel,  Manufacture  of.  Herbert 
C.  Ryding  and  Anson  W.  Allen,  U.  S.  Pat 
1289057.  Off.  Oaz.  (Dec.  24.  1918)  Mf, 
798.     300  w. 

OPEN  hearth  steels.  Effect  ofphosphcros  in  soft 
acid  and  basic.  J.  8.  Unger.  Prec  Sleel 
Treating  Research  Soc,  1919.  S,  11-31 
3500  w.     Investigations  and  recalls. 

OXY-ACETYLENE  flame  and  blow-ispe  fS- 
ciency,  Arthur  Stephenson,  JfU.  AeeL  F«U. 
(Jan.,    1919)    S,   33^-44.     6000   w.    Ssial 

PIG  iron  price  comparisons.  Interesting,  ^ed  i 
Metal  Digest  (Jan.,  1919)  9,  6.    800  w. 

PLATE  mill  largest  in  the  world,  Lukeoi  wv. 
Boiier  Maker  (Jan.,  1919)  19,  6-10.    3000  v. 

POTASH,  Blast  furnace  and  cement  kihi,  in  ti» 
United  States.  H.  C.  Parmelee,  Min-  M 
(Dec  28,  1918)  US,  764.     600  w. 
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Pulverized  Coal  Equipment 


Amontf  some  o(  the  plants  usintf  our  Pulverized  Coal  Equipment  for  heating 
Industrial  Furnaces  and  Steam  Boilers  are  the  following: 

American  Iron  &  Steel  Co.,  Open  Hearth,  Puddling  and 

Heating  Furnaces. 
American  Locomotive  WcH*ka,  Steam  Boilers. 
American  Smelting  &  Refining  Co.,  Reverberatory  Fur* 


American  Steel  &  Wire  Co.,  Open  Hearth  Furnaces. 

American  Steel  St  Wire  Co.,  Heating  Furnaces. 

Atchison,  Topeka  &  Santa  Fe  R.  R.,  Locomotives. 

Atlantic  Steel  Company,  Open  Hearth  Furnaces. 

Ash  Grove  Lime  &  Portland  Cement  Co.,  Steam  Boilers. 

Bethlehem  Steel  Co.,  Open  Hearth  Furnacep. 

Choctaw  Portland  Cement  Co.,  Steam  Boilfrs. 

Inland  Steel  Co.,  Heating  Furnaces. 

Lackawanna  Steel   Co.,   Calcining  and   also  Flue  Dust 
Nodulizing  Kilns. 

M.  K.  &  T.  Railroad,  Steam  Boilers. 

Milwaukee  Electric  Light  &  Power  Co.,  Steam  Boilers. 

Nichols  Copper  Company,  Smelter. 

Pacific  Coast  Coal  Co.,  Steam  Boilers. 

Pittsburgh  Malleable  Iron  Co.,  Malleable  Furnaces. 

Sixer    Forge  Company,  Heating  and  Forging  Furnaces 
&  Steam  Boilers. 

Scranton  Bolt  &  Nut  Co.,  Heating  &  Puddling  Furnaces. 

Spanish-American  Iron  Co.,  Ore  Roasting  &  Nodulizing 
Kilns. 

Stone  &  Webster  Co.,  Steam  Boilers.  Union  Carbide  Company,  Lime  Kilns. 

United  Verde  Ext.  Mining  Co.,  Reverberatory  Furnaces  &  Steam  Boilers. 

Practically  all  the  Cement  Plants  in  the  United  States  and  Canada  have 
installations  of  Fuller  Mills. 

Some  of  the  above  plants  are  iisinc  Pulverized  Coal  containing  from  10% 
to  17%  of  ash  for  heating  their  metaUurgical  furnaces. 
Fuller  Mills  are  today  pulverizing  over  35,000  tons  of  coal  per  day  for 
various  types  of  furnaces. 


The  satisfactory  performance  of  our  Pulverized  Coal  Equipment  warrants  your 
investigation.  We  manufacture  Coal  Crushers,  Dryers,  Fullei'-Lehigh  Pulverizer 
Mills,  and  Pulverized  Coal  Feeders.  All  this  equipment  is  described  in  our 
Catalogue  No.  71  which  we  will  be  pleased  to  send  you. 

We  also  specialize  in  the  manufacture  o(  lining  plates  (or  tube  mills,  pebble  mills, 
ball  mills,  screen  plates,  chute  liners,  and  all  castings  subject  to  abrasive  action. 
Inquiries  covering  equipment  of  this  kind  will  receive  our  prompt  attention. 


FULLER-LEHIGH  COMPANY 

Main  Offices  and  Worlds:  Fullerton,  Pa.,  U.  S.  A. 

BRANCH  OFFICES: 

New  Ytrk,  N.  Y.,  50  Cliircli  St.;  Chkigf,  111.,  McCornlck  BM|.;    ParMOS,  Kia.,  First  Nat.  Bank  Bldf. 


[FImm  mention  this  Bullstin  when  writing   adTertiaen.1 
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POTASH  in  the  United  States  of  America.  Pro- 
duction of.  Engng.  (Deo.  20,  1918)  lOi, 
704-5.     2500  w. 

RENNERFELT  furnace.  DcvelopmenU  in  the. 
H.  A.  de  Fries  and  Jonaa  Hertenius.  iron  Age 
(Jan.  16.  1919)  lOI,  190-1.     1000  w. 

REVERSIBLE  magnetisation.  R.  8.  SUncke, 
EUktroUknisk  Txdukrift  (Dec.  6,  1918)  »1, 
^  297-301. 

ROLLING  null.  Spang.  Chalfant  *  Co.,  Inc., 
Canad.  Pat.  186829.  Off.  Ree.  (Oct.,  1918) 
46,  2750-1.     600  w. 

ROLLING  mill.  Sheet.     John  B.  McKibbon  and 

Edward  J.  Sugden,  Canad.  Pat.  186839.     Off. 

Rec.  (Oct.,  1918)  M,  275(y-7.     300  w. 
ROLLING    milla,    A    new   departure   in.     Iron 

Ag9  (Jan.  2,  1919)  IM.  41-4.     1500  w. 
ROLLING  of  car  wheels  at  Cambria  Steel  Co.. 

P.  Calfas,  Le  laminage  des  roues  de  wagons 

Ear  les  machines  slick,  auz  uaines  de  la  Cam- 
ria  Steel  Co.  4  Johnstown  (Pennsylvama, 

E.  U.)  Qtnie  CivU  (Dec.  14,  1918)  ?«,  461-6. 

2500  w. 
ROLLS  for  making  ship  and  boiler  plates,  Design 

of.     Machy.  (Jan..  1919)  tf.  396-400.     4000 

w. 
SCRAP     organisation     and     scrap     salvaging. 

Charles  A.  Reagan,  Jnl,  Soc.  Automot.  Engrs. 

(Jan.,   1919)   4,  47-8.     2000  w. 
SIDERURGY     in     Chile.     La    sidenirjia    en 

Chile.      F.      Prudhomme.     Boletin     de     la 

Sociedad   de   Fomento  Fabril.   (Oct..   1918) 

Sf,    675-87.     12    pp. 
SILICA,  Products   of.     Les   produits   de   silicc. 

Chimie  A  Jndu«trt«  (Deo.  I.  1918)  1.  712-23. 
SLAGS  on  refractory  materials.  Action  of.     Iron 

Age  (Jan.  23.   1919)   lOJ,  255-6.     1200  w. 

Influence  of  temperature. 
SPRING    steel.     Child    Harold    Wills.     U.    S. 

Pat.  1288346.     Off.  Gaz.  (Dec.  17.  1918)  liT, 

598.     60  w. 
STEEL  alloy.     Joseph  W.  Weitienkorn.  U.  8. 

Pat.    1287163.     Off.   Gat.    (Dec.    10.    1918) 

t67,  274.     40  w. 
STEEL    casting    industry,    Year's   progress   in. 

John  Howe  Hall,  BUUt  Fur.  A  Steel  Plant 

(Jan..  1919)  7,  26.     1000  w. 

STEEL  castings  on  the  Pacific  coast.  Iron  Age 
(Jan.  23,  1919)  lOS,  233-5.  2000  w.  Good 
steel  from  pig  iron. 

STEEL  failures.  Cause  and  mechanism  of. 
K.  W.  Zimmerschied,  Proc.  Steel  Treating 
Research  Soc.  1919.     I,  24-9.     3000  w. 

STEEL  industry.  C.  N.  Replogle  (historical 
development),  Engng.  Wld.  (Jan.  1,  1919) 
14,  52-5.     3500  w. 

STEEL  industry  for  1918,  General  review  of. 
B.  E.  V.  Luty,  Blast  Fur.  &  Steel  Plant 
(Jan.,  1919)  7,  62-5.     3500  w. 

STEEL,  Influence  of  hot  deformation  on. 
Georges  Charpy,  Am.  Drop  Forger  (Dec  19, 
1918)  4, 482-8.  5000  w.  From  paper  before 
Iron  and  Steel  Inst.  Effect  of  rolling  and 
forging  on  structure. 

STEEL,  Influence  of  hot  working  on  the  quality 
of.  Influensa  della  lavoraiione  a  caldo 
sulle  qualita  dell'acciaio.  L'Industria-Rev. 
Teehnica.  (Nov.  30, 1918)  St,  677-8.     1500  w. 

STEEL,  mill  oil  house  installation.  Modern. 
Blast  Fur.  A  SUel  Plant  (Jan.,  1919)  7,  49, 
59.     800  w. 

STEEL  works  construction.  New  iron  and. 
Iron  Age  (Jan.  2,  1919)  lOJ,  64-71.    10,500  w. 

STELLITE,  its  manufacture  and  uses.  Canad. 
Mfr.  (Jan.,  191?)  S9,  77-8.  1000  w.  De- 
velopment, qualities,  uses. 
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TENNESSEE  Coal.  Iron  and  Rsilroid  (Usn- 
pany.  New  Fairfield  Works  of  the.  Ujn. 
Ree.  (Jan.  2.  1919)  74,  146-7.    IflOO  w. 

TENSION,  impact  and  repeated  imoBct  taUof 
mild  and  hard  steels.  Tsuruio  AfAtiumon, 
Mem.  College  Sci.  and  Engng.,  Kyoto  Iiop. 
Univ.  (July,  1918)  t,  63-9.     1000  w. 

TIN-PLATE  industry.  D.  M.  Buck.  Bufl. 
A.  I.  M.  E.  (Dec,  1918)  l735-«.    1000  v. 

TIN-PLATE  manufacture  and  detizuinc.  ^nm- 
(Dec.  20,  1918)  10ft,  701-2.    2500  v. 

TOPICAL  talks  on  iron.  Stul  A  Mdal  Digdt 
LXIX  (Jan..  1919)  t.  11-2.  1500  v. 
World's  production. 

TUNGSTEN  and  the  st«el  industry.  Cm. 
Repts.  (Jan.  27,  1919)  409-11.    900  w. 

USE  of  iron  Portland  cement  in  reinforad 
concrete.  Edwin  H.  Lewis,  Jnl.  Weit  of 
Scotland  Iron  and  Steel  Inst.  (Oct.,  Xot^ 
1918)  t€,  8-16.     7500  w. 

VANADIUM,  Estimation  of,  in  ferro-Tsasdion. 
V.  G.  Rodeja,  Metodo  de  vsloncion  del 
vanadio  en  los  ferrovanadios.  M.  4» 
Minos.  (Sept.  30,  1918)  10,  122-8.    2200  v. 

VANADIUM  in  steel  making.  Use  of.  Mtdif. 
[London!  (Dec.  12.  1918)  IS,  295.    1200  v. 

WELDING  for  shipbuilding.  Electric.  5n. 
Am.  Sup.  (Feb.  1.  1919)  ST,  79-80.  3000 v. 
From  Eleetn.  Lloyd's  chief  ship  flurreyar'i 
views. 

WELDING  heavy  |>late  construction.  B.  J. 
Dillon.  Engng.  Wld.  (Jan.  1.  1919)  14,3MX 
3500  w. 

WELDING  in  ship  construedon.  Electric.  E 
Jasper  Cox.  MarxTie  Engng.  (Jsn.,  lOlD 
S4,  42-6.     4000  w. 

WELDING  in  the  French  array,  Use  of  «?• 
acetylene.  Unit.  Engr.  (Dec..  1918)  Sli 
22-8.     2000  w. 

WELDING,  Microatructure  of  iron  depontcd  br 
electric  arc.  George  F.  Comstock.  Bm. 
A.  I.  M.  E.  (Jan..  1919)  43-50.    1300  ir 

WELDI NG.  Notes  on  regulations  for  are.  H  M. 
Sayers.  Engng.  (Dec.  13.  1918)  101,  OV4 
3000  w. 

WELDING  of  boilers.  P.  F.  Willis,  VHd.  tw- 
(Jan.,  1919)  4,  21^30.     5000  w. 

WELDING,  Oxy-acetylene.  Stuart  PlnaJy. 
Jnl.  Am.  Soc.  of  Naval  Engn.  (Nov..  WIS 
SO,  737-52.     3300  w. 

WELDING,  Oxy-acetylene  and  electric.  A.?- 
Dyer,  Weld.  Engr.  (Jan.,  1919)  4,  4*4 
1800  w.     Proc.  Canad.  Ry.  Club.    Aba 

WELDING,   Principles  and  practice  of  iw^ 

S.  W.  MiUer,  A.  S.  R.  E.  Jnl.  (Nor.,  191S) 

168-215.     15.000  w. 
WHITE  iron  into  foundry.  Conversion  of.    C.  T. 

Huang.  Iron  Age  (Jan.  23.  1919)  101,231-2. 

1700  w.     How  Chinese  native  irons  aisy  » 

made  available. 

METALLURGY  OF  NON-FERROUS 

METALS 

(See  also  Mineral  Resources.  Ore-dresstsc  tfd 
Preparation  of  Coal.  Coal  and  Coke,  sad 
Metallurgy  of  Iron  and  Steel) 

ALLOY.     (Zirconium.)     Jamea     B.     GwMjJ.  ^ 

Canad.  Pat.  187017.     Off.  Rec.  (Oct.,  !«» 

46,  2834.     200  w. 
ALLOYS,     aluminum,     Analysis    of    hard-    A* 

Travers,    Metal   Ind.    (Dec.   13,   1«1«  »» 

409-11.     2500  w.     Methods. 

ALLOYS  of  coppier  and  sine,  Effect  of  ^^j^"*!? 
the  mechanical  properties  of  the.  O-  J>' 
Ellis,  Metal  Ind.  (Dec.  20.  1918)  IS,  4»2i 
2000  w.  Excerpts  from  address  Def«t 
Birmingham  Metallur.-cical  See. 


J 
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FIRE  CLAY  BRICK,   SILICA  BRICK 
MAGNESIA  BRICK,  CHROME  BRICK 


Refractories  of  Highest  Grade 


h 


or 


Blast  Furnace  and  the  Open  Hearth, 
Electrical  Furnaces,  Copper  Smelt- 
ing Plants,  Lead  Refineries,  Nickel 
Smelters,  Silver  Slimes  and  Dross 
Furnaces,  Alloy  Furnaces,  as  well 
as  all  other  tj^es  in  use  in  the  various 
Metallurgical  Processes. 


HARBISON-WALKER  REFRACTORIES  CO. 

PITTSBURGH  PENNA. 


[Plaaae  mention  thia  bullbtim  when  writing  adyertisen.]  (25) 
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ALLOYS.  ReUtive  corrosion  of.  R.  B.  Fehr, 
JfU.  Soc.  Automot.  Encr«.  (Jan.,  1910)  4» 
42^.  3500  w.  From  paper  before  A.  8. 
M.  £.,  Deo.,  1918. 

ALU  MIN U M  and  its  alloya.  L'aluminium  et  see 
alliages,  MMaUurgU  (Dec.  26.  1918)  M, 
1877-9.     1800  w. 

ALUMINUM  and  its  light  alloys.  Paul  D. 
Merica,  Metal  Rec.  IV.  (Dec.  1918)  4, 384-6. 
3000  w.     Serial. 

ALUMINUM  bronse  as  an  engineering  material. 
Maehy.  [London]  (Jan.  2,  1919)  18»  387-8. 
3000  w. 

ALUMINUM  bronse,  Die-casting  of.  H.  Rex 
and  H.  Whitaker,  Maehy.  (London]  (Dec. 
19,  1918)  IS,  335-6.  1600  w.  Abs.  of 
paper  before  Inst,  of  Metals,  Lond. 

ALUMINUM  bronse  industry.  W.  M.  Corse, 
Bull.  A.  I.  M.  E.  (Dec.  1918)  1738-42. 
800  w. 

ALUMINUM  dust,  Study  of  the  inflammability 
of.  Alan  Leigh  ton,  U.  S.  Bureau  Mines, 
Tech.  paper  152.     5-13.     3500  w. 

ALUMINUM  electric  conductors.  Projet  de 
conditions  de  reception  des  conducteurs  d' 
6lectricit4  en  aluminium.  Ret.  Oen.  BU^. 
(Dee.  14.  1918)  4,  931-8.     2000  w. 

ALU  M I N  U  M ,  Electrolytic  extraction  of.  Indut. 
Austral.  (Nov.  28,  1918)  40,  855.     700  w. 

ALUMINUM,  Metallography  of.  Robert  J. 
Anderson,  Jnl.  Franklin  Inst.  (Jan.,  1919) 
187,  1-47.     9500  w.     With  bibUography. 

BABBITTS  and  solder.  Q.  W.  Thompson,  BuU. 
A.  I.  M.  £.  (Dec.  1918)  1761-2.     600  w. 

BRASS,  A  comparison  of  grain  sise  measurements 
and  Brineil  hardness  of  cartridge.  W.  H. 
Bassett  and  C.  H.  Davis,  BuU.  A.  I.  M.  E. 
(Jan.,  1919)  57-78.     2000  w. 

BRA^S  foundry  practice.  Materials  and  chem- 
icals used  in.  Charles  Vickers,  Bratg  Wld.  II. 
(Jan.,  1919)  18,  3-5.  2200  w.  Serial. 
Deals  with  phosphorus  in  present  article. 

BRONZE  bearing  metals.  G.  H.  Clamer,  BuU. 
A.  I.  M.  E.  (Dec,  1918)  1729-33.     1700  w. 

BRONZE  foundry  practice.  Interesting  appli- 
cations of  metalloKraphy  to.  George  F. 
Comstock,  Bra»$  Wld.  (Jan.,  1919)  18,  11-3. 
1000  w. 

BRONZES,  bearing  metals  and  solders..  G.  K. 
Burgess  and  R.  W.  Woodward.  BuU.  A.  I.  M. 
E.  (Dec,  1918)  1742-8.     2600  w. 

CASTING  nickel-silver,^  a  copper  nickel-sine 
alloy.  R.  V.  Hutchinson,  Metal  Ind.  (Jan., 
1919)  17,  13-4.     1600  w. 

CASTINGS  of  rare  earth  metals  and  their  alloys. 
Process  of  making.  Alcan  Hirsch  and  Marx 
Hirsch.  U.  S.  Pat.  1290011.  Off.  Gas. 
(Dec  31,  1918)  ti7,  1058.     45  w. 

CEMENT  copper.  Treatment  of.  Clarence  A. 
Hall,  U.  S.  Pat.  1290024.  Off.  Gaz.  (Dec 
31,  1918)  ti7,  1062.     60  w. 

CHROME  industry,  Brief  on  the  status  of  the. 
Courtenay  De  Kalb,  Min.  dt  Set.  Pr.  (Jan.  4. 
1919)  118,  13-7.     4000  w. 

CHROME  industry.  Recent  activities  in  the 
Quebec.  Robert  Harvie,  BuU.  Canad. 
Min.  Inst.  (Jan.,  1919)  47-50.     900  w. 

COBALT  silver  ore,  Smelting  and  refining  of. 
Sidney  B.  Wright,  Min,  A  Sei.  Pr.  (Jan. 
25,  1919)  118,  125-6.  1200  w.  From 
Canad.  Min.  Inst.  BuU.,  Dec,  1918.     Abs. 

CONCENTRATION  of  lead  sine  silver  ore  at 
the  Zinc  Corporation's  mine.  George  C. 
Klug.  Min.  A  Sci.  Pr.  (Jan.  18,  1919)  118, 
89-92.     2500  w. 

COPPER,  Action  of  reducing  gases  on  hot  solid. 
W.  H.  Bassett,  BuU.  A.  I.  M.  E.  (Jan.,  1919) 
103-7.  800  w.  Discussion  of  N.  B.  Fill- 
ing's paper. 
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COPPER  enterprite.  UUh.  T.  A.  Kieksrd. 
Min.  dt  8ef.  Pr.  IX.  (Dec  28.  1918)  U7, 
863-^.     660  w.     Smelting  of  concentrate. 

COPPER,  Metallurgy  of.  Arthur  L.  Walker. 
Snang.  A  Min.  Jnl.  (Jan.  11.  1919)  Ufl, 
90-2.     2600  w. 

COPPER  plating,  Automatic.  Joseph  W.  Bieh- 
ards,  BuU.  A.  I.  M.  E.  (Jan.,  1919)  27-31. 
700  w. 

COPPER  production  in  Arisona.  Walta  Doof* 
las,  Enong,  dt  Min.  JnL  (Jan.  11, 1919)  UT, 
4»-60.     700  w. 

COPPER,  Production  of.  Set.  Am.  Svp.  (Feb.. 
1919)  ST,  72.     700  w. 

CUPRO-nickel.  T.  H.  A.  Eastiek,  MtUd  Ind. 
(Jan.,  1919)  17.  26-8.  2600  w.  Its  i^iywsl 
properties  and  structure. 

ELASTIC  after-effecU  in  metals.  Uber  elsitMcbe 
Naehwirkung  bei  MetaUen,  H.  v.  Wsrtvs- 
berg,  BtrichU  dsr  Deut.  Phye.  OtuUtdaft 
(Aug.  30.  1918)  SO,  113-22. 

ELECTRIC  Wurnao^.  Lewis  0.  Rowsnd.  U.  S. 
Pat.  1289066.  Off.  Oat.  (Dec  24, 1918)  UT, 
798.  300  w.;  U.  S.  Pat.  1289055.  Og.Gas. 
(Dec.  24,  1918)  SS7,  797-8.     250  w. 

ELECTTRIC  furnaoe,  Performanoe  of  ibdsIL 
Am.  Drop  Forger  (Dec.  1918)  4^  477-4. 
lOCX)  w.     Used  for  production  of  mehrome. 

ELECTRIC  furna<»M  and  their  uses.  Commas 
cial.  Automot.  Sngng.  ill.,  Snyder  (Jul, 
1919)  4.  29-32.  2000  w.  Details  of  Snyder 
furnaces. 

ELECTROLYTIC  silver  and  gold  refining  st 
Perth  Amboy,  N.  J.  George  C.  GiisvoU, 
Advance  Copy,  No.  1.  Am.  Eleetroohem. 
Soc.  (April,  1919)  1-7.  900  V.  Tbe 
Moebius    process. 

ESTIMATING  phosphorus,  arsenic,  and  snti- 
mony  in  commercial  copper.  Method  for. 
W.  Graham  Grant,  Braes.  Wld.  (Jan.,  1919) 
IS,    13.     600    w. 

EXTRACTION  of  tin  from  sheet  metal.  (Es- 
tracoion  del  estano  de  la  hoja  lata.^  B«Um 
de  la  Socieda  de  Fomento  Fabnl.  (Oct., 
1918)88,697-9.    225  w. 

FLUXES.  A.  Carpmael,  British  Pat.  120005. 
lU.  Off.  Jnl.  (Dec  18,  1918)  2956.     100  v. 

FURNACES,  Electrio  heated  industrial. 
George  J.  Kirkgasser,  Ind.  Managemitt 
(Jan.,  1919)  S7,  26-32.     4000  w. 

GASES  in  metals,  Notes  on  the  oedusioD  <^. 
Alfred  W.  Porter,  Chem.  Bngr.  (Dec.  1918) 
SS,  499-n500.  609.  1600  w.  Read  befon 
Faraday  Soc,  Nov.  12,   1918. 

GOLD  and  silver,  MeUllurgy  of.  A.  W.  ADes, 
Engng.  A  Min.  Jnl.  XJnn.  11.  1919)  IIT. 
92-6.     4500  w. 

GOLD  in  solid  state.  Two  instances  <^  mohiStr 
of.  Edward  Keller.  BuU.  A.  I.  M.  £. 
(Jan.,  1919)  33-42.     2500  w. 

HARDENING  copper.  Mark  Meredith.  Am. 
Blackemith  (Jan.,  1919)  18,  91.     300  w. 

HARDNESS  of  metals.  La  duret^  des  m^taax. 
Mitaux  Alliagee  et  Machines  (Nov.,  1918) 
11,  14-6.     2300  w. 

HARDNESS  of  soft  iron  and  copper  compsrrd. 
F.  C.  Kelley,  Iron  A  SUel  of  Can.  (Dec., 
1918)  1,  433-4.  1200  w.  Abs.  of  psper 
read  before  Am.  Electrochem.  Soc,  Oct, 
1918. 

HARDNESS  testing.  Report  on,  relation  be- 
tween ball  hardness  and  sclerosoope  bardaeBi- 
A.  F.  Shore,  Iron  A  Steel  of  Can.  (Dec.,  1918) 
1,  434-45.  11  p.  Read  befoxe  tatfiA 
Iron  and  Steel  Inst.,  Sept.,  1918. 

HARDNESS  tests.  Jnl.  Inst.  Meoh.  Eoiit. 
(Dec,  1918)  493-554.  Part  of  diseaMioB 
on  subject. 
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Results 


THE  DORR  BOWL  CLASSIFIER 

AT  200  MESM 

• 

The  following  tabulation  represents  the  work  of  an 
8'x26'  Dorr  Model  D  Classifier  with  a  15-Foot  Bowl, 
handling  a  feed  of  1300  tons  per  day  at  a  dilution 
of  4:1. 

The  Bowl  can  be  attached  to  any  of  the  Dorr  Stand- 
ard Classifiers  and  requires  practically  no  more  atten- 
tion in  operation  than  the  standard  machine. 

ISFOOT  DORR  BOWL  CLASSIFIER 

Screen  Test  Cumulative  Per  Cent. 


Mesh 


Feed 


-f  20 
+  30 
-f  40 
-f  60 
-f  80 
+100 
+150 
+200 
-200 


Overflow  620  tons 
Overflow  9:1. 


3 
11 
33 
36 
47 
56 
63 
37 


Sand  Discharge  Slimc  Discharge 


3.2 
14.8 
31.3 
58.6 
62.5 
73.1 
84.7 
94.6 

6.4* 


.5 

4.4 

95.6 


•The  5%  passing  200  mesh  reprec?ents  fine 
sand  with  only  a  trace  of  colloids. 


THE   DORR  COMPAINY 


MEW  YORK 
101  Park  Avenue 


ENGIINEERS 

DENVER 
1009  17th  Street 


LONDON 
16  South  Street 


[Pleaae  mention  this  bulletin  when  writing  advertisers.] 
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LEAD,  InnovatioDB  in  the  metallurgy  of.  Dor- 
sey  A.  Lyon  and  Oliver  C.  Raleton,  U.  8. 
Bureau  of  Mines  Bull.  157.  d-I6Q.  Abe. 
in   AUuka   dt    Norihvtti.   Min.   Jnl.   (Nov., 

1918)  It,  116-7.     1000  w. 

LEAD,  Metallurgy  of.  H.  O.  Hofman,  Engnn. 
&  Min.  Jnl.  (Jan.  11.  1919)  107,  88-90. 
1800  w. 

LEAD,  Method  of  refining.  Phillip  Werner. 
U.  S.  Pat.  1285511.  Off.  Oas.  (Nov.  19, 1918) 
tie,    599.     150    w. 

LEAD,  Notes  on  isotropic.  Frank  Wigglesworth 
Clarke,  Chem.  Nnot  (Deo.  6,  1918)  117, 
370-3.  3000  w.  From  Proc.  Nat'l  Acad,  of 
Sciences. 

MELTING  metals,  Some  principles  involved 
in.     Charles  Vicker?.  Bra$9  Wld.  II.  (Jan.. 

1919)  IC,  14-5.     1500  w. 

MERCURY  production  at  Alroaden,  Spun. 
Roland  Sterner-Ilainer,  Chem.  A  Met.  Engng. 
(Jan.  1.  1919)  10,  32->5.     3500  w. 

METALS,  Pennsylvania  railroad  anti-friction 
and  bell.  F.  M.  Waring,  BuU.  A.  I.  M.  £! 
(Dec.  1918)  1733-5.    1500  w. 

METALLURGICAL  process.  John  Tyler  Jonen, 
U.  S.  Pat.  1288422.  Off.  Oan.  (Deo.  17.  1918) 
t67,  616.  150  w.  Reduction  of  finely 
divided  ore,  containing  iron  and  manganese, 
with  finely  divided  carbonaceoiu  material. 

MICRO-metallography  illumination.  Henry  M. 
Sayers,  Engng.  (Dec.  27,  1918)  100,  729-30. 
3500  w. 

NICKEL,   Process  for  electrolvtically  refining 
George    A.    Guess,    Am.    Electrocbem.  Soc. 
Advance  Copy.  No.  2   (April,  1919)   9-12. 
1200  w. 

NON-FERROUS  foundry,  Buick  Motor  Co's. 
Automot.  Engnq.  (Jan.,  1919)  4»  37-40. 
2000  w.     For  aluminum,  brass  and  bronse. 

NON-FERROUS  metals  under  the  oxy-aoetvlene 
torch,  Behavior  of.  J.  F.  Springer,  Metal 
Ree.  II.  (Dec.,  1918)  4,  381-3.  3000  w. 
Serial. 

OCCLUSION  of  gases  by  metals.  Elect.  Rev. 
[London]  (Deo.  27,  1918)  80,  628-9.  1500  w. 
Reviews  discussion  by  the  Faraday  Society. 

ORE  smelting.  Ulysses  A.  Garred,  Pat.  Off.  Jnl. 
(Nov.  28,  1918)  7,  532.     100  w. 


PRECIPITATION,  Electrostatic.  R.  B.  Rath- 
bun.  Min.  A  Sd.  Pr.  (Jan.  4,  1019)  118. 22. 
800  w. 

SMELTING  plant.  New  white  metal,  ifitel 
Jnd.  (Jan.,  1919)  17,  1-2.  600  w.  At 
Newark,  N.  J. 

SOLDER,  its  use  and  abuse.  Milton  L.  Mm- 
berger.  Bull.  A.  I.  M.  E.  (Dee..  1918)  1759- 
04.     2000  w. 

TANTALUM.  Das  Tantal.  H.  Heller,  Fre- 
metheue  (Oct.  5.  1918)  SO,  4-5.     1200  v. 

TIN  bronses,  Constitution  of.  Samuel  L 
Hoyt,  BuU.  A.  I.  M.  E.  (Dec.,  1918)  1721-7. 
1000  w.:  C.  H.  Bierbaum,  BuU.  A.  I.  M.S. 
(Jan.,  1919)  101-2.  500  w.  Discuwon  of 
Samuel  L.  Hoyt's  paper. 

TIN  metallurgy.  Etude  des  lite  de  fuaio&~ 
Bilan  des  matidres  fixes — Calcal  de  Iwtier. 
BuU.  Compt.  Rend.  Mens.  Soc.  de  I'lndast 
Min.  (3d  No.,  1918)  14,  12-8. 

TUNGSTEN  and  the  steel  industry.  Cemmet' 
eial  Repte.  (Jan.  27,  1919)  409-1 1.    900  w. 

TUNGSTEN,  Metallography  of.  Zay  J<^rifl^ 
Bull.  A.  I.  M.  E.  (Dec.,  1918)  ITTO-ffl. 
1200  w.     Author's  reply  to  discussion. 

TUNGSTEN,  Occurrence,  chemistry,  metaOnigf 
and  uses  of.  J.  J.  Runner  and  W.  L.  Hait> 
mann,  So.  Dak.  Sch.  of  Mines  BuU.  No.  11 
13-236. 


Carl  A.  Pftn- 
Off.  Oat.  (Dee. 


TUNGSTEN  reducing  furnaoe. 
stiehl,  U.  S.  Pat.  1289896. 
31,  1918)  ti7,  1030.     175  w. 

WHITE  metal  reduction  furnaoe.  Robert 
Nicholson,  Pat.  Off.  Jnl,  (Nov.  28,  191S)  T. 
527.     100  w. 

WORK  upon  metals.  Effect  of.  Metal  lU 
(Dec.  27,  1918)  IS,  447-9.  3500  w.  AJkn 
of  copper  and  sine.  Discussion  of  0.  W. 
Ellis'  paper. 

ZINC  from  its  vapor.  Condensation  of.  C.  H 
Fulton,  BuU.  A.  I.  M.  £.  (Jan.,  1919) 
109-10.   500  w.    Author's  reply  to  diaeonoB. 

ZINC.  Metallurgy  of.  W.  R.  Ingalls,  Engng.  ^ 
Min.  Jnl.  (Jan.  1 1.  1919)  107,  87-8.     1600  w. 

ZINC  refining  process.  Norsk  Elektrisk  Metal- 
industrie  Aktieselskap.  Canad.  Pat.  188171 
Off.  Rec.  (Jan.  7,  1919)  47,  25.     75  w. 
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CLASSIFIED  LIST  OF  MINING  AND 
METALLURGICAL  EQUIPMENT 


4c«tTl«B«  App«ratvs 

Madaod  Co.,  Bogon  St..  CiDdiiMti,  Ohio. 

4clds  and  AHPmonh 

Hwl  Chemloid  Co..  Httiiry.  21(K214  8.  4th 
Bt.,  Bt.  Louk,  Mo. 

4cid,8ttlphnric 

IlUnois  ZIne  Co..  Poru.  lU. 

AflUton 

Dorr  Co.,  Denver,  Colo. 
Traylor  EngiDeering  ft  Mfg.  Co..  Allentown. 
P». 

A  BMlgAIBAtOr  t 

AUb-Chalmera  Mfg.  Co..  Milwaukee.  Wb. 
Traylor  Engineering  A  Mfg.  Co..  Allentown. 

P». 

Worthington   Pump  A   Machinery   Corpn., 
116  Broadway.  New  York  City. 

Asbestos 

LaTino  and  Co..  E.  J..  Bullitt  Bldg..  Phila- 
delphia. Pa. 
Asbestos  Materials 

Johns-Man ville  Co.,  H.    W.,  206    Madison 
Ave..  New  York  City. 
Assay  Supplies 

Hell  Chemical  Co.,  Henry,  210-214  8. 4th  St., 

St.  Louis.  Mo. 
Mine  and  Smelter  Supply  Co..  42  Broadway 
New  York  City. 
Asles,  Mine  Car 

FttUer-Lehigh  Co..  Fullerton.  Pa. 

Balances  and  Weights 

Hell  ChemioafCo..  Henry.  210-214  S.  4th  St., 

St.  Louis,  Mo. 
Mine  and  Smelter  Supply  Co..  42  Broadway, 
New  York  City. 

Ball  and  Tobe  Mill  Parts  (Kominuter  Parts) 

American  Manganese  Steel  Co.,  MoCormlok 

Bldg..  Chioaso,  III. 
Chalmers  &  Williams,  Inc.,  Chicago  Heights, 

Bearings,  Ball 

Qwilliam  Co..  263  W.  68th  St..  New  York 
City. 
Bearings,  Roller 

QwilUam  Co..  263  W.  68th  St..  New  York 
City. 

Belting.  Conveiror 

Goodrich  Rubber  Co..  B.  F..  Akron.  O. 
Jeffrey  Mfg.  Co..  002  N.  4th  St..  Columbus, 

Ohio. 
Robins  Conveying  Belt  Co..  Park  Row  Bldg.. 
N«»w  York  City. 
Belting,  BIsvator 

Goodrich  Rubber  Co..  B.  F..  Akron,  O. 
Jeffrey  Mfg.  Co..  002  N.  4th  St..  Columbus. 
Ohio. 
Belting,  Transmission 

Goodrich  Rubber  Co..  B.  F..  Akron.  O. 
Bins,  Coal  and  Coke 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 
Ohio. 

Blasting  Powder  (See  Powder,  Blasting) 

Blasting  Supplies 

Du  Pont  de  Nemours  A  Co..  R.  I..  Wilming- 
ton. DpI 
Hercules  Powder  Co.,  Wilmington,  Del. 
Blowsrs 

Qoneral  Rl#»ntHc  Co.,  Schenectady.  N.  Y. 
Blowpipe  Apparatus 

Heil  Chemical  Co..  Henry.  210-214  S.  4th  St.. 
St.  Louis,  Mo. 


Brake  Blocks 

Johns-ManvUle   Co.,    H.  W.,  206  Msdim 
Ave.,  New  York  City. 

Brick,  Vire 

Harbison-Walker  Refractories  .Co..  Fsrmn' 

Bank  Bldg..  Pittsburgh.  Pa. 
Lavitto  and  Co.,  E.  J..  BuUItt  Bldg..  Phili' 

delphia.  Pa. 
Buckets,  Elevator 

American  Manganeae  Stcd  Co..  MeCoroick 

Bldg..  Chicago,  111. 
Jeffrey  Mfg.  Co..  002  N.  4th  St..  Cdsmbw 

Ohio. 

Borners,  Gas 

Macleod  Co.,  Bogen  Bt.,  Cincinnati,  Ohio. 

Burners,  Oil 

Macleod  Co..  Bogen  St.,  Cincinnati.  Ohio. 
Mine  and  Smelter  Supply  Co..  42  Brosdwir, 
New  York  City. 

Cableways 

Flory  Mfg.  Co..  8..  Bangor.  Pa. 
Leschen  A  Sons  Rope  Co.,  A..  020  N.  1st  Si. 
St.  Louis.  Mo. 


Macomber  A  Whyte  Rope  Co..  Kisocshs.  Wk 
Roebling's  Sons  Co..  John  A.,  Trenton.  N.  J 

Csges.  Hoisting 

Chalmers  A  Williams,  Inc.,  Chicago  Heighti, 

111. 
Mine  and  Smelter  Supply  Co.,  42  Brosdway. 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co..  ADratovs. 

Pa. 

Cages,  Self  Dumpliig  and  Plain 

Holmes  A  Bros..  Inc..  Robt..  30  N.  Hsisl  Bt. 
Danville,  111. 

Car  Lifts,  Automatic 

Holmes  A  Bros..  Inc..  Robt..  30  N.  Hsssl  St.. 
Danville.  111. 

Carbide  Lamps 

Macleod  Co.,  Bogen  St.,  Cincinnati.  Ohio. 

Cars,  Ore 

Aliis-Chalmers  Mfg.  Co..  Milwaukee.  Wh. 
Mine  and  Smelter  Supply  Co..  42  Brosdwsy. 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co..  Allestowi. 
Pa. 
Castings,  Brass 

Holmes  A  Bros..  Inc..  Robt..  30  N.  Bssri  Bl . 
Danville.  111. 

Castings,  Iron 

Fuller-Lehigh  Co..  Fullerton,  Pa.  ,  _ 

Holmes  A  Bros..  Inc..  Robt..  30  N.  HsmI  St.. 
DanviUe,  111. 

Caustic  Soda  .  ^ 

Heil  Chemical  Co.,  Henry,  210-214  8. 4th  St. 
St.  Louis.  Mo. 
Cement  Blast  Guns  (See  Guns,  Cesuat) 

Cement  Machinery 

Traylor  Engineering  A  Mfg.  Co..  Allentovs. 

Worthington   Pump  A  Machinery  Corp  s. 
116  Broadway.  New  York  City. 

Cements,  Refractory 

Johns-Manville   Co.,    H.  W..  20fl  Msdooo 
Ave..  New  York  aty. 
Chains 

American  Manganese  Steel  Co.,  MeCornack 

Bldg..  Chicago.  lU. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St..  ColuBbsa 
Ohio. 
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JOHNS-MANVILLE 


JOHNS-MANVILLE 

Conmg'ated  Asbestos  Roofing' 

Johns-Manville  Corrugated  Asbestos  Roofing  costs  but  little 
more  at  first  than  the  charcoal,  iron  and  galvanized  roofing  it  is 
universally  supplanting,  but  it  costs  infinitely 
less  in  the  long  run.     For  it  is  proof  against 
,  rust  gases,  smoke  and  salt  air.     It  never  needs 
painting.     It  lasts  many  times  as 
long  as   the   ordinary   corrugated 
metal  roof.     And  it  is  a  real  pro- 
tection against  roof- communicated 
fire. 

Write  for  Catalog 

II.W.  JOHNS-MANVILLE  CO. 

New  York  City 

lo  Factories— -BroncheB  in  63  Large  Cities 


JOHNS-MANVILLE 
Serves  in  Conservation 
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CLASSIFIED  LIST  OF  MINING  AND  METALLURGICAL  EQUIPMENT 


Ch«inic«l  Appantai 

H«U  Chamieal  Co..  Henry.  210-214  8. 4th  St.. 
St.  Louis,  Mo. 

jChemlcali 

Heil  Cbemioal  Co..  Henry.  21(K214  S.  4th  St. 

St  Loute,  Mo. 
Mine  end  Smelter  Supply  Co..  42  Broedway, 

New  York  City. 
Roeieler  ft  Heart echer   Chemioel  Co..    100 

WilUem  St..  New  York  City. 

Chrome  Brick 

Harbison- Walker  Refraotories  Co.,  Farmere* 
Bank  Bldc^  Pittoburgh.  Pa 

Larino  and  Co..  £.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Chrome  Cement 

Larino  and  Co.,  E.  J.,  Bullitt  Bldf.,  Phila- 
delphia. Pa. 

Chrome  Ore  (Lump  and  Oroiuid) 

Larino  and  Co.,  £.  J.,  Bullitt  Bldf.,  Phila- 
delphia, Pa. 

Chute  Plates  &  Launder  Liners 

American  Manganese  Steel  Co.,  MoCormIek 
Bldg.,  Chicago.  111. 

Chutes 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbus. 
Ohio. 
Classiflers 

AlUs-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 

Chalmers  A  Williams.  Inc.,  Chicago  Hmghts, 

Colorado  Iron  Works  Co..  Denver.  Colo 
Debtor  Concentrator  Co.,  Fort  Wayne,  Ind. 
Dorr  Co.,  Denver,  Colo. 
Mine  and  Smelter  Supply  Co..  42  Broadway. 

New  York  aty. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 
Worthington   Pump   ft    Machinery  Corp*n., 

lift  Broadway,  New  York  City. 
Coal  and  Ash  Handling  Machinery 
rev  -    ^ 

Ohio 


Jeffrey  Mfg.  Co 


ing  Mac! 
.7002  N. 


4th  St..  Columbiw. 


Coal  Mining  Machines 

Jeffrey  Mfg.  Co..  002  N.  4th  St..  Columbus. 

Ohio. 
SuUivan  Machinery  Co.,  122  So.  Michigan 
Ave.,  Chicago,  Ifi. 
Coal  Mining  Plants 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbus, 
Ohio. 
Coal  Storage  and  Rehandling  Machinery 

Jeffrey  Mfg.  Co..  002  N.  4th  St..  Columbus. 
Ohio. 

Coatings,  Roof 

Johns-ManTille    Co.,  H.    W..  206  Madison 
Ave..  New  York  City. 

Collectors.  Dost 

Macleod  Co.,  Bogen  St.,  Ciocinnati,  Ohio. 
Compass,  Maas  Patent  Drill  Hole 

Derby.  Jr.,  E.  L..  Agent,  Ishpeming.  Mich. 

Compressors,  Air 

AlUs-Chalmers  Mfg.  Co..  Milwaukee,  Wis. 
Qpneral  Elfctric  Co.,  SrhcnActady.  NY. 
Sullivan  Machinery  Co..  122  So.  Miohigatt 

Ave..  Chicaieo.  111. 
Worthington   Pump  ft  Machinery   Corp'n., 

116  Broadway.  New  York  City. 

Concentrators 

Colorado  Iron  Works  Co..  Denver,  Colo. 
Deister  Concentrator  Co..  Fort  Wsyne,  Ind. 
Mine  and  Smelter  Supply  Co..  42  Broadway. 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co..  Allentown, 

Pa. 
Worthington   Pump   ft  Machinery   Corp'n., 

115  Broadway.  New  York  City. 

Condensers,  Surface 

Westlnghouse   Eleetric   ft    Mfg.    Co..   East 
Pittsburgh.  Pa. 


>olls.,  Minn 
neiy 
Ave..  Chicago,  ID. 


Co..  122  So.  MichliSB 


Contractors,  Diamond  Drilling 

Lonjprear  Co..  E.   J.,  710  Seenritj  Bldg.. 

Mlnneap< "" 
Sullivan  Maefain 
Lve.,  Ch 

Converters,  Copper 

AlUe-Chalmera  Mfg.  Co..  Milwaukee.  Wb. 
Traylor  Engineering  ft  Mfg.  Co..  Allentovii. 

Pa. 
Worthington   Pump  ft^Maehinery  Corp's^ 

lift  Broadway.  Now  York  CSty. 

Converters.  Xtectric,  Rotary 

General  Electric  Co..  Soheneetady.  N.  Y. 
Westinghouse   Eleotrio   ft    Mfg.  Co..  Bsit 
Pittsburgh,  Pa. 

Conveyors,  Belt 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Colttmbna 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Brosdwty, 

New  York  City. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg . 

New  York  aty. 

Conveyors,  Cable  Flight 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Cdumbea. 
Ohio. 

Conveyors,  Chain  Flight 

Jeffrey  Mfg.  Co..  002  N.  4th  St..  Cclambei. 
Ohio. 
Conveyors,  Pan  or  Apron 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbss. 
Ohio. 

Conveyors.  Screw 

Jeffrey  Mfg.  Co..  002  N.  4th  St..  Coleoibm, 
Ohio. 

Core  Drilling 

Longyear  Co.,   E.  J.,   710  Sceuiity  Bldg.. 


mjUT' 

Minneapolis.  Minn, 
aery 
,IU 


Sullivan  Machinery  Co..  122  So.  UlcklgaD 
Ave..  Chioago 

Coverings,  Pipe  and  Boiler 

Johns-Manville  Co.,  H.  W..   206   MsdbsB 
Ave.,  New  York  City. 

Crucibles 

Hen  Chemleal  Co.,  Henry,  210-214  8. 4th  9L, 

St.  Louis,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broedway. 
New  York  City. 

Crushers,  Coal  and  Coke 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Colufflbos. 

Ohio. 
Robins  Conveying  Belt  Co.,  Park  Row  Bldg, 

New  York  City. 
Worthington   Pump   ft  Machinery  Ccrp'a^ 


imp 

,Nfl 


116  Broadway,  New  York  City. 

Crushers.  Disc 

ChfJmei*  ft  WUliams,  Inc..  1465  Arnold  St. 
Chicago  Heights.  111. 

Crushers,  Jaw 

Chalmers  ft  Williams,  Inc..  1465.  Arnold  St, 
Chicago  Heights,  111. 

Crushers,  Ore 

Allis-Chalmere  Mfg.  Co.,  Milwaukee.  Wis. 
Buchanan  Co.,  C.  Q.,  00  Weet  St..  New  York 

City. 
Chalmers  ft  Williams,  Ino.,  1465  Arnold  St, 

Chioago  Heights,  111. 
Colorado  Iron  Works  Co.,  Denver,  Colo. 
Fuller-Lehigh  Co.,  Pullerton,  Pa. 
HeU  Chemical  Co.,  Henry,  210-214  &  4th  St 

St.  Louis.  Mo. 
Mine  and  Smelter  Supply  Co..  42  Broadway. 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  ADentowa. 

Pa. 
Worthington  Pump   ft   Machinery  Corp'a, 

116  Boradway,  New  York  CSty. 

Crushing  and  Grinding  Machinery 

Chalmers  ft  Williams.  Inc.,  1465  Arnold  ^ . 
Chicago  Heights,  IB. 
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Add  Standardized  equipment  to  standardized 
methods.     It  can  produce  capacity  output. 


Safety  at  all  times 


First  of  all,  G-E  Truck  Type  Switch- 
board Units  are  safe.  They  eliminate 
personal  hazard  to  an  exceptional 
degree. 

Where  special  precautions  to  insure 
personal  safety  must  be  taken,  as  in 
mines  and  industrial  plants,  these  units 
have  proven  the  most  desirable  switch- 
board panels  yet  developed. 
Complete  enclosure,  as  illustrated,  of 
all  current- carrying  parts  within  the 
steel  compartment,  affords  personal 
protection  and  reduces  fire  risk. 


The  movable  truck  carries  all  the  in- 
struments, switching  and  protective 
devices.  By  mounting  this  equipment 
on  a  truck  that  cannot  be  withdrawn 
until  all  this  apparatus  is  dead,  electri- 
cally, inspection  is  easy  and  safe. 
With  a  spare  truck  of  proper  capacity 
it  is  a  matter  of  minutes  to  substitute 
a  panel  in  case  of  trouble  and  to  main- 
tain practically  continuous  service. 
Consult  the  G-E  Switchboard  Special- 
ist in  yoiu  vicinity.  Write  our  nearest 
office. 


G^ltickl^e  Switchboard  Units 

GENERAL  ELECTRIC  COMPANY" 


GENERAL  OFFICE 


SCHENECTADY,  N  Y 

Lm  AngBl«,  Cal.  Provi. 

LouisvillB,  Ky.  •  Riehn 

Memphis.  Tenn.' 
MilwuiiliBB,  Wia. 


.ooheBter,  N,  Y. 

t.  Louis.  Mo. 

ftit  Lake  City.  Utah 


lotto,  Vj.  C. 


•El  i*iao,  TeiM 
Fort  Wayne.  Ind. 
HarMord.  Conn. 
•Uoustoa.  Tetu 
ImlianapoliB,  Ind. 
JacluoDvilk.  Fla. 
JopliD.  Mo. 
Kaiuae  City.  Mo. 
Knoivine,  Tenn. 


New  York.  N.  Y. 
Niagara  Falls.  N.  Y. 
■Olilahi        "■      "' 


OklB 


delphia, 


Seattle.  Wagh, 
Spokane.  Waah. 
SprioaGeld,  Mas 
Syiaruse,  N.  Y. 
Toledo.  Ohio 


Coinp«ny,  Ltd..  Toronto,  Out. 

Gbhbul  Fdbiioh  Salu  OrricBs:  Sobe 
St.,  LondoD.  E.  C.  Enclaoil 

(Fleaae  mtatioa  thia  Bi 


Fittsbiitgh,  Fa.  Youngeto"".  Ohio, 

Portlan<I.  Ore. 

«  BostHESB  refer  to  Canadian  General  Eleotrio 
York  City;  83  Cannon 
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CLASSIFIED   UST   OF   MINING   AND  METALLURGICAL  EQUIPMENT 


Cruthiiif  Roll  Putt 

American  ManganeM  StMl  Co..  MoCormSok 

Bide..  Chioaco  111. 
Chalmera  &  WilliAms,  Inc.,  Chicago  Heights, 

CraihingRoUt  (Seo  Rolla,  CrutUng) 

Chalmers  A  Williams,  Inc.,  Chicago  Heights, 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbus. 
Ohio. 
Cttpro-Magnesitun  Metal 

Larino  and  Co..  £.  J.,  Bullitt  Bldg..  Phila- 
delphia. Pa. 
Cttpro-Vanadinm 

Primos  Cbemieal  Co..  Primos,  Pa. 
Cyanide 

^9SS^  A  Hasslacher   Cbamioal   Co..    100 
WUUam  St..  New  York  City. 
Cyanlding  Equipment 

AlU«-Cbalmm«  Mfg.  Co..  Milwaukee.  Wk. 
Chalmers  A  WiUiams,  Inc.,  Chicago  Heights, 

Colorado  Iron  Works  Co.,  Denver.  Colo. 

Dorr  Co.,  Denver,  Colo. 

Mine  and  Smelter  Supply  Co..  42  Broadway. 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown. 

'^?r*J*t?«*°?   Pump  A   Machinery  Corp'n.. 
115  Broadway.  New  York  City. 

Dead  Earned  MagnesJte 

Harbison- Wslker  Refractories  Co..  Farmers' 
Bank  Bldg..  Pittsburgh,  Pa. 
Dewaterers 

,  Colorado  Iron  Works  Co..  Denver.  Colo. 
Dorr  Co^  Denver,  Colo. 
Traylor  Engineering  A  Mfg.  Co.,  AUentown, 
Pa. 
Diamond  Drilling 

Lonjprear  Co.,   K.  J..   710  Security   Bldg., 
Minneapolis.  Minn. 
Dredging  Maiehinery 

tx^..?l*'.y  !?'«■  ^^'*  8..  Bangor,  Pa. 

5'}?!  ^5'*  Compass  (See  Compass.  Drill  Hole) 

Drills*  Core 

Lonayear  Co..  R.  J..  710  Security   Bldg.. 

Minneapolis,  Minn. 
Sullivan  Machinery  Co.,  122  So.  Michigan 
Are..  Chicago.  111. 
Drills,  Diamond 

Lonorear  Co.,  E.  J..  710  Security  Bldg., 

Minneapolis,  Minn. 
SuUlvan  Machinwy  Co..  122  Se.  Michigan 
Ave.,  Chicago.  lU. 
DriUs,  Electric 

Denver  Rock  Drill  Mfg.  Co.,  Denver.  Colo. 
General  Electric  Co..  Schenectady.  N.  Y 
Jeffrey  Mfg.  Co..  002  N.  4th  St..  Columbus. 
Ohio. 
Drills.  Hammer 

?*,S^*'  R^k  DriU  Mfg.  Co..  Denver,  Colo. 
Sullivan  Machinery  Co..  122  So.  Michigan 
Ave.,  Chicago.  lU. 
Drills,  Prospecting 

Sullivan  Machinery  Co.,  122  So.  Michigan 
Ave..  Chicago.  111. 
Drills,  Rock 

Ddnver  Rock  Drill  Mfg.  Co..  Denver.  Colo. 
Sullivan  Machinerv  Co..  122  So.  Michigan 
Ave..  Chicago,  111. 
Dryers,  Coal 

Ruggles-Coles   Engineering  Co.,  60  Church 
St..  New  York  City. 
Dryers.  Ore 

Ruggles-Coles   Engineering  Co.,  60  Church 

St.,  New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown. 

Pa. 
Wedge  Mechanical  Furnace  Co.,  Greenwich 
Point.  Philadelphia.  Pa. 
Dryers,  Rotary 

Fuller-Lehigh  Co..  Fullerton.  Pa. 


Rugglea-CoTes  Engineering  Co..  60  Church 
St..  New  York  dty. 
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Dryers,  Saad  and  Oraval 

Madsod  Co..  Bogen  St..  C^dnnsti.  Ohio. 
Rogglas-Coles  Engineering  Co.,  AO  Cfauth 
sE.  New  York  (Sty. 
Dumps,  Rotary 

Wood  Equipment  Co..  MoComuek  BUf.. 
Chicago,  m. 
Dyaaxnite 

Dn  Pont  de  Nemours  A  Co..  E.  I.,  WHbibc* 

toiuDsl. 
HerouleB  Powder  Co.,  Wilmington,  Dd. 
Dynamos  (See  Generators,  Blacttle) 

Electrical  Machinery 

General  Electric  Co..  Schenectady.  N.  T. 
Westinghouse   Eleetrio   A   Mfg.  Ca,  ImI 
Pittsburgh.  Pa. 

Elevators,  Bucket 

Buchanan  Co..  C.  O.,  00  Wcat  St..  New  York 

City. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.  Ccloabsi. 

Ohio.  f 

Mine  and  Smelter  Supply  Co..  42  Brosdvtj. 

New  York  Qty. 
Robins  Conveying  Belt  Co..  Psrk  Row  BUg.t 

New  York  &ty. 
Traylor  Engine«ring  A  Mfg.  Co..  AUs&tom, 

Pa. 
Worthington   Pump  A  Machinery  Carp's, 

116  Broadway.  New  York  City. 
Emery  Ore 

Lavino  and  Co..  E.  J..  Bullitt  Bldg.,  FUhr 

delphia.  Pa. 

End  Loaders  (See  Loaders,  End) 
Engines,  Gat  and  Gasoline 

Allis-Chalmers  Mfg.  Co..  Mflwaukes^  Wk 
Engines,  Haulage 

Holmes  A  Bros..  Inc..  Robt..  30  N.  HssslSU. 
Danville.  III. 
Engines,  Hoisting 

Flory  Mfg.  Co..  8..  Bangor.  Pa. 

Holmes  A  Bros..  Inc..  Robt..  SO  N.  Hasd  St., 

Danville.  III. 
Vulcan  Iron  Works.  1744  Main  St..  WI&m- 
Barre.  Pa. 
Engines,  Oil 

AlUs-Chalmers  Mfg.  Co.,  Milwaukee,  Wii. 
Worthington  Pump  A  Machinery  Ccrp'a. 
115  Broadway.  New  York  aty. 
Engines,  Steam 

AUis-Chalmers  Mfg.  Co..  Milwaukee.  Wh. 
Explosives 

Du  Pont  de  Nemours  A  Co..  E.  I..  Wllsii^ 
ton.  DM. 

Hercules  Powder  Co.,  Wilmington,  DeL 

Fans,  Ventilstint 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Colnmbea 

Ohio. 
Vulcan  Iron  Works,  1744  Main  St..  WDka- 

Barre,  Pa. 

Feeders,  Ore 

Buchanan  Co..  C.  G..  00  West  St..  Nfw  York 

City. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Cobmbm 

Ohio. 
Mine  and  Smeltar  Supply  Co..  42  firasdwsy. 

New  York  City. 
Robins  Conveying  Belt  Co..  Park  Row  Bldg.« 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  ADsntowa. 

Pa. 
Ferro-Chrome 

Lavino  and  Co.,  E.  J..  Bullitt  Bldg.,  Phfla- 

delphia.  Pa. 

Ferro-Manganese 

Lavino  and  Co..  E.  J..  Bullitt  Bldg..  Pkiis- 
delphia.  Pa. 

Ferro-Molybdennm 

Lavino  and  Co..  E.  J..  Bullitt  Bldg.,  Phila- 
delphia, Pa. 
Primos  Chemical  Co..  Primes.  Pa. 
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WALTER  H.  ALDRID6E 

Coaiiiltiiig  Mininff  and 
M«tallttrglcml  Bngineer 

14  WaU  Street                         NBW  YORK 

ROBERT  H,  RICHARDS 

0r4  Df%%\no 
Massachusetts  Institute  of  Technology 

BOSTON.  MASS. 

A.  CHESTER  BEATH 

CMSHlting  Miiing  Encbwtr 

25  Broad  Street 

NEW  YORK,  N.  Y. 
9nMc 

JOHN  HAYS  HAMMOND 

Consultiiic  Engbietr 
120  Broadway                 NEW  YORK 
Oo^ti  BedSordrMcNM 

H.  KENYON  BURCH 

Ncdnikal  ni  Metallirikil  Ei|licer 

Care  The  Sierra  Madre  CSub 

L.  A.  InTaatmant  Bldg. 

Deaigner  and  Builder  of 
Power,  Hoistinct  Pumping. 
CmaliiBc  and  Milling  Planto. 

Speeialtlea:  Conoentration  of  Ores. 

Eeonomio  Handling  of  Materials 

ABBOT  A.  HANKS 

Eetablished  18M 

Control  and  Umpire  Assays.  Supervi- 
sion of  Sampling  at  Smelters.  Chemioal 
Analyses  of  Ores,  Mincrala,  Mineral 
'  Waters,  eto. 

■ 

€30  Sacraneit*  St       San  Frandsco,  Cal. 

J.  PARKE  CHANNING 

ConsultliiK  ERClMar 
ei  Bboadwat                  new  YORK 

LEDOUX  &  COMPANY 

Assay«rs  and  Samplara 

99  John  StTMt                    NEW  YORK 

Independent  Ore  and  Metal  Samplers. 

Representatives  at  all  Refineries  and 
Smelters  on  Atlantic  Seaboard. 

A.  B.  FOSTER 

M.  S.  In  Chemistry 

Specialist  in  Chemical  and  Metallurgical 
Patents  and  Applications,  Involving  Proc- 
esses and  Products.   Searches  and  Opinions 
as     to    Novelty.   Validity,   Infringement. 
Collections  of  Patents  on  Particular  Arts, 
Rtc 

Ex-ezaminer  in  Chemical  Division,  U.  S. 
Patent  Office. 

533  Victor  Bldc   -    WASHINGTON.  D.  C. 

GEORGE  WARREN  TOWER,  JR. 

and  Assoeiat«s 
ConsulUnc  Gsoloclsts  and  Mlnlnc  Enclnaars 

Examination.  Development  and  Manage- 
ment Properties  Qold,  Silver,  Copper  and 
Minerals  for  Making  Alloy  Steels. 

134  Woodland  Ave. 
NEW  ROCHELLE,  NEW  YORK 

GENERAL  BRIQUETTING  CO. 

Consulting  Engineers 

26  Broad  Street 

Nbw  York 

Specialists  in  the  Briquetting  of 
Ores,  CoalSy  Metab,  Concentrates,  Etc. 

POPE  YEATMAN            EDWIN  S.  BERRY 

POPE  YEATMAN 

Consiiltinc  Mnlnc  Engbwere 

Examination,  Development  and 
Management  of  Properties. 

Koom  1601 

60  Broadway,  New  York 

Cable:                        Code: 
Ihma                 BedJardrMcNmU 

[Please  mention  this  bttllxtxn  when  writing  advertbers.] 
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Ferro-Silicon 

Lavino  and  Co..  E.  J..  Bullitt  Bide..  PhiU- 
delphia.  Pa. 
F^rro-Tunfttttn 

Larino  and  Co..  E.  J..  Bullitt  Bldf ..  Phila- 

dalphia.  Pa. 
Primot  Chemieal  Co..  Primoa.  Pa. 
Farro-Vanadium 

Primoi  Chemical  Co.,  Primoa,  Pa. 
Ffltarinc  Paper 

Hofl  Chamioal  Co..  Henry.  210-214  8. 4th  St.. 
St.  Louie,  Mo. 
FUtera 

Chalmers  A  Williams,  Inc.,  Chioaf  o  Heights. 

Colorado  Iron  Works  Co..  Denver.  Colo. 
Traylor  Engineering  &  Mfg.  Co..  Allentown, 
Pa. 
Fire  Clay 

Harbbon- Walker  Refractoriea  Co.,  Farmers' 

Bank  Bldg..  Pittoburgh,  Pa. 
LaTino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 
FloUtion,  Oil 

Colorado  Iron  Works  Co..  Denver,  Colo. 
Fine  Welding  Machines 

Maeleod  Co.,  Bogen  St..  Cindnnati,  Ohio. 
Fluorescent  Calcium  Tungstate 

Primos  Chemieal  Co.,  Primos,  Pa. 
Fluorspar  (Domestic  and  Foreign) 

Larino  and  Co.,  E.  J..  Bullitt  Bldg..  Phila- 
delphia, Pa. 
Forges,  Oil  and  Rivet 

Madeod  Co..  Bogen  St.,  Cincinnati.  Ohio. 
Forgings,  Heavy 

Holmes  ft  Bros..  Ino..  Robt..  80  N.  Hasel  St.. 
DanviUe.  lU. 

Fuller  Mill  Parts 

American  Manganeae  Steel  Co.,  MoCormiok 
Bids..  Chicago,  III. 
Furnaces,  Assay 

Heil  Chemical  Co.,  Henry,  210-214  8.4th.  St., 

St.  Louis,  Mo. 
Maeleod  Co.,  Bogen  St.,  Cindnnati.  Ohio. 
Mine  and  Smdter  Supply  Co.,  42  Broadway. 
New  York  City. 
Fornaees,  Electric 

General  Eleetrio  Co.,  Soheoeotady,  N.  Y. 
Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St.. 
St.  Louis,  Mo. 
Furnaces.  Flus  Welding 

Maeleod  Co.,  Bogen  St.,  Cindnnati.  Ohio. 
Furnaces.  Gas 

Maeleod  Co.,  Bogen  St.,  Cindnnati,  Ohio. 
Furnaces.  Lead 

Maeleod  Co.,  Bogen  St.,  Cindnnati,  Ohio. 
Furnaces,  Mechanical  Roasting 

Allis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 
Traylor  Engineering  ft  Mfg.  Co..  Allentown, 

Pa. 
Wedge  Meehanioal  Furnace  Co.,  Greenwich 

Point.  Philadelphia.  Pa. 
Wortbington   Pump   ft  Machinery  Corp'n., 
116  Broadway,  New  York  City. 
Furnaces.  Muffle 

Maeleod  Co.,  Bogen  St.,  Cindnnati,  Ohio. 
Fumacas.  Oil 

Maeleod  Co.,  Bogen  St.,  Cindnnati,  Ohio. 
Mine  and  Smdter  Supply  Co.,  42  Broadway, 
New  York  City. 
Furnaces.  Reverberatory 

Maeleod  Co.,  Bogen  St.,  Cinoinnati,  Ohio. 
Furnaces,  Smelting 

Colorado  Iron  Works  Co.,  Denver,  Colo. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 
Pa. 
Furnaces.  Tire  Heating 

Maeleod  Co.,  Bogen  St.,  Cindnnati,  Ohio. 


Gears 


Jeffrey  Mfg.  Co.,  <M)2  N.  4th  St..  Columbus. 


rey  J 
Mo. 


Generators,  Acetylene  Welding  and  Cutting 
Madeod  Co.,  Bogen  St.,  Cindnnati,  Ohio. 


Generators,  Blactric 

AUis-Chalmera  Mfg.  Co.,  Milwaukee,  Wn. 
General  Eleetiie  Co.,  Seheneetady.  N.  T. 
Westinghouse   Eleotrie   ft   Mfg.   Co.,  Eait 
Pittoburgh.  Pa. 

Orlndarfl,  Sample 

Chalmers  ft  Williams,  Inc.,  Chicago  Hsiihtt. 

lU. 
Mine  and  Smdter  Supply  Co.,  42  Brosdvtr. 

New  York  CSty. 
Traylor  Engineering  ft  Mlg.  Co.,  ADentows, 

Pa. 

Gristly  ft  Riffle  Bars  (For  Hydraulic  Mines) 
American  Manganeae  Sted  Co.,  Me(^miek 
Bldg.,  Chicago.  111. 

Guns,  Cement 

Maeleod  (}o.,  Bogen  St..  Cindnnati,  OUa 

Guns,  Concrete 

Maeleod  Co.,  Bogen  St..  dnoinaati,  Ohio. 

Gyratory  Crusher  Parts 

American  Manganeae  Stad  0>.,  MeC^crmiok 

Bldg..  Chieairo.  III. 
Chalmers  ft  Williams,  Inc.,  Chicago  Heifhti, 

111. 

Hangers,  Mine 

Johns-ManviUe   Co..    H.  W.,  2M  MsdiMB 
Ave.,  New  York  City. 

Hitchlngs  Mine  Car 

Maeomber  ft  Whyto  Rope  Co.,  Kenosha.  Wb. 

Hoists.  Electric 

AlUs-Chalmprs  Mfg.  Co.,  MUwaukesb  Wk 
Flory  Mfa.  Co..  S.,  Bangor,  Pa. 
General  Lleetric  Co.,  Sebenectady,  N.  T. 
Jeffrey  Mfg.  Co..  902  N.  4th  St.,  Cdoabsi, 

Ohio. 
Vulcan  Iron  Works,  1744  Mdu  St.,  WDkM- 
Barre,  Pa. 

Hoists,  Skip 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Cdombsi. 

Ohio. 
Mine  and  Smelter  Supply  Co..  42  Broadway. 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  AlleBtovB, 

Pa. 
Wortbington   Pump   ft  Machinery  Corp'n-. 

115  Broadway,  ^lew  York  City. 

HolaU.  Steam 

Allls-Chalmera  Mfg.  Co..  Milwaukee,  Wh. 

Flory  Mfg.  Co.,  S.,  Bangor.  Pa. 

Holmea  ft  Broe..  Inc.,  Robt.,  30  N.  Hasd  St. 

Danville,  III. 
Mine  and  Smelter  Supply  Co..  42  Brosdvsy. 

New  York  C»ty. 
Sullivan  Maohinerv  Co..  122  So.  lfi«Ufsa 

Ave.,  Chicago.  ID. 
Vulcan  Iron  Works.  1744  Main  St..  Wilk«- 

Barre.  Pa. 
Hoppera,  Weigh 

Holmes  ft  Bros.,  Inc.,  Robt..  30  N.  Huel  R.. 

Danville.  lU. 
Hose,  Air 

Denver  Rock  Drill  Mfg.  Co.,  Denvw.  Cda. 
Goodrich  Rubber  Co.,  B.  F.,  Akroa.  0. 
Hydratad  Ferric  Oxide  (For  Gas  Pnrificatioa) 
Lavino  and  Co..  E.  J.,  Bullitt  Bldf.,  nfli- 

ddphia.  Pa. 

Hydraulic  Mining  Machinery 

AUia-Chalmers  Mfg.  Co..  Milwaukte,  WIl 

Insulators,  Third  Rail 

Johns-Manville    Co.,    H.  W..  206  Msdbei 
Ave.,  New  York  City. 

Jackets,  Water 

Traylor  Engineering  ft  Mfg.  Co..  AllsstovB. 

Pa. 
Jaw  Crasher  Parto 

American  Manganeae  Steel  Co.,  MeOraw 

Bldg..  Chica«o.  lU.  „  .  . 

Chalmers  ft  WilliamB.  Inc..  Cbicaco  Hets&tt. 

lU. 
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Jeffrey  Mfc.  Co.,  902  N.  4tb  St.,  Columbus. 


AlH^-Chalmen  Mfc.  Co.,  Milwaukee  Wis. 
Colorado  Iron  Works  Co..  Denver,  Colo. 
Chalmers  A.Willisms,  Inc.,  Chicago  Heights, 

Mine  and  Sm^ter  Supply  Co.,  42  Broadway, 

New  York  City. 
Trsylor  Kngineerinf  &  Mfg.  Co.,  Allentown, 

Pa. 
Worthington  Pump  ft   Machinery  Corp'n., 

115  Broadway,  New  Ycrk  aty. 

Lsboimtoiy  Supplies 

Hdl  Cbeinieal  Co.,  Henry,  210-214  8. 4th  St., 
St.  Louis,  Mo. 
Lsmps,  AcetTlene 

Maoleod  Co.,  Bogen  St.,  Cincinnati.  Ohio. 
Lsmps»  Klectric 

General  Electric  Co.,  Schenectady.  N.  T. 
Westinghouse   Electric   ft    Mfg.    Co..   Bast 
Pittsburgh,  Pa. 
Lead  Acetate 

Hdl  Chemical  Co..  Henry,  210-214  S.  4th  St.. 
St.  Louis,  Mo. 
Liaiags,  Ban  and  Tube 

Cludmers  ft  Williams,  Inc.,  Chicago  Heights. 

Tkmyior  Engineering  ft  Mfg.  Co.,  AUentown, 

lialags.  Brake 

Johne-Manrille   Co^   H.  W.,  2M  Madison 
Are.,  New  York  City. 
Litharge 

Ml  ChemiodI  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis.  Mo. 
Loaders.  Bad 

Hahnes  ft  Bros.,  inc.,  Robt.,  30  N.  Hasel  St.. 
DauTiIle,  III. 
Loading  Booms 
leffrey 
Ohio 
LocomotlTes,  Compressed  Air 

Genera]  Electric  Co.,  Schenectady.  N.  Y. 
Vulcan  Iron  Works,  1744  Main  St.,  Wllkes- 
Barre,  Pa. 
LocoasotlTes.  Electric  Trolley 

General  Electric  Co.,  Schenectady,  N.  Y. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 

Ohio. 
Weetlnchottse   Electric   ft    Mfg.    Co.,    East 
Pfttoburgh.  Pa. 
LocomotiTes,  Gasoline 

Vulcan  Iron  Works.  1744  Main  St..  Wilkes- 
Barre,  Pa. 

LocomotiTes.  Steam 

Vuloan  Iron  Works.  1744  Main  St..  Wilkes- 
Barre.  Pa. 
LocomotiTes,  Storage  Battery 

Gen«>ral  Electric  Co.,  SohenecUdy,  N.  Y. 
Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbus. 

Ohio. 
Weatinghouae   Electric   ft    Mfg.    Co.,   East 
Pittsburgh,  Pa. 

Low  Carbon  Ferro-Manganese 

LaTino  and  Co.,  E.  J.,  Bullitt  BIdg..  Phila- 

dolphia.  Pa. 
,_  jaia  Brick 
Harbison- Walker  Refractories  Co..  Farmers' 

Bank  BIdg..  Pittsburgh.  Pa. 
Lavino  and  Co.,  E.  J..  Bullitt  BIdg..  Phila- 
delphia. Pa. 
M acnoalto  Cement 

LaTino  and  Co..  E.  J.,  Bullitt  BIdg..  Phila- 
delphia. Pa. 
Macnealtua  Mstal  (Ingots  and  Powder.) 

Lavino  and  Co.,  E.  J..  Bullitt  BIdg.,  Phila- 
delphia. Pa. 
Ifagnetic  Pulleys  (See  Pulleys,  Magnetic) 
M ancanese  Dioxide  (Lump  and  Ground) 

LaTino  and  Co.,  E.  J.,  Bullitt  BIdg..  PhiU- 
delphia.  Pa. 
laaae  Ore 

ivino  and  Co..  E.  J..  Bullitt  BIdg.,  Phila- 
delphia, Pa. 


Meters,  Bisctric 

General  Electric  Co..  Schenectady,  N.  Y. 
Westinghouse   Electric   ft    Mfg.    Co..    East 

Pittoburgh,  Pa. 
Mica 

Larino  and  Co.,  E.  J.,  Bullitt  BIdg..  Phila- 
delphia. Pa. 
Mills,  BaU,  Tube  and  Pebbls 

AlIis-(3halmerB  Mfg.  Co..  Milwaukee.  Wis. 
Chalmers  ft  Williams.  Inc.,  1466  Arnold  iSt.. 

Chicago  Heists,  lU. 
Colorado  Iron  Wurks  Co.,  Denyer,  Colo. 
Fuller-Lehl|h  Co.,  FuUerton,  Pa. 
Hardinge  Conical  Mill  Co.,  120  Broadway, 

NewYork  City. 
Mine  and  Smelter  Supply  Co..  42  Broadway, 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown. 

Pa. 
Worthington  Pump  ft  Machinery  Corp'n.. 

116  Broadway,  New  York  aty. 
Mills.  Chilean 

AlUs-Chalmers  Mfg.  Co..  Milwaukee.  Wis. 
Chalmers  ft  Williams,  Inc.,  Chicago  Heights, 

Colorado  Iron  Works  Co.,  Denysr,  Colo. 
Traylor  Engineering  ft  Mfg.  Co.,  AUentown. 
Pa- 
Mills,  sump 

Allis-Ch^lmers  Mfg.  Co..  Milwaukee.  Wis. 
Chalmers  ft  Williams,  Inc.,  Chicago  Heights, 

Colorado  Iron  Works  Co..  Denver.  Colo. 

Traylor  Engineering  ft  Mfg.  Co.,  Allentown. 
Pa. 

Worthington   Pump  ft   Machinery  Corp'n. 
116  Broadway.  New  York  City. 
Mine  Car  Hitchings  (See  Hitchings.  Mine  Car) 
Mining  Machinery 

Chalmers  ft  Williams,  Inc.,  1466  Arnold  St., 
Chicsgo  Heights.  111. 
Molybdate  of  Ammonia 

Primes  Chemical  Co.,  Primes,  Pa. 
Molybdate  of  Calcium 

Primes  Chemical  Co..  Primos.  Pa. 
Molybdate  of  Soda 

Primos  Chemical  Co.,  Primos.  Pa. 
Molybdenum  Metal 

Primos  Chemical  Co..  Primos,  Pa. 
Molybdenum  Ore,  Buyers  of 

Primos  Chemical  Co.,  Primos.  Pa. 
Molybdic  Acid 

Primos  Chemical  Co.,  Primos.  Pa. 
Motors,  Blectric 

Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 

General  Electric  Co.,  Schenectady,  N.  Y. 

Mine  and  Smelter  Supply  Co..  42  Broadway. 


New  York  City. 
Weatlnghouse   Electric 


ft    Mfg.    Co.,    East 


igr 
Pittsburgh.  P«. 
Muffles 

Mine  and  Smelter  Supply  Co.,  42  Broadway. 
New  York  City. 

Ore-Bedding  Systems 

Robins  Conveying  Bolt  Co..  Park  Row  BIdg.. 
New  York  City. 
Ore  Handling  Machinery 

Jeffrey  Mfg.  Co..  002  N.  4th  St..  Columbus. 
Ohio. 

Robins  Conveying  Belt  Co.,  Park  Row  BIdg.. 

•     New  York  City. 
Ore  Milling  Machinery 

Chalmers  ft  Williams.  Inc..  Chicago  Heights. 

AAA*  

Colorado  Iron  Works  Co..  Denver.  Colo. 
Mine  and  Smelter  Supply  Co..  42  Broadway. 

New  York  City. 
Worthington    Pump   ft  Machinery  Corp'n., 

116  Broadway.  New  York  City. 
Ores,  Buyers  and  Sellers  of 

Vogslstetn  ft  Co.,  Inc..  L..  42  Broadway. 

New  York  City. 
Ozy-Aeetylcne  Apparatus 

Madeod  Co..  Bogen  St..  Cincinnati.  Ohio. 


IPI 
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PacUngt,  Steam 

Johna-ManTiUe    Co.,  H.  W.,  206    M&disoii 

Are.,  New  York  City. 
Qoodrieh  Rabber  Co..  B.  P..  Akron.  O. 
Paiatini  Machines 

Maoleod  Co..  Bocen  St.,  Cincinnati,  Ohio. 
Pipe  Inenlatioiic 

Johna-ManTlIle   Co..  H.  W.,  206    Madison 
Are..  New  York  City. 
Plate  Metal  Work 

Holmes  ft  Bros.,  Inc.,  Robt.,  30  N.  Ebtael  St., 
DanviUe.  III. 
Piatinum  Wire,  Foil  &  Ware 

Heil  Chemioal  Co.,  Henry.  210-914  S.  4ih  St. 
St.  Louis.  Mo. 
Powder,  Blastiiif 

Du  Font  de  Nemours  A  Co..  B.  I..  Wllminc- 

ton.  Del. 
Hercules  Powder  Co.,  Wilmington,  Del. 
Powdered  Coal  Bquipmenc 

Fuller-Lehiich  Co..  FuUerton.  Pa. 
Ruaslee-Coles   Engineering  Co.,  60  Church 
ST.  New  York  Oty. 
Power  Transmission  Machinery 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbus. 

Ohio. 
Traylor  Engineering  &  Mfg.  Co.,  Allentown, 
Pa. 
Presses,  Filter 

Worthington  Pump  &  Machinery  Corp'n., 
116  Broadway,  New  York  City. 
Pulleys,  Magnetic 

Buchanan  Co.,  C.  Q.,  00  Weet  St.,  New  York 
City. 
Pulrerizer  Parts 

American  Manganeee  Steel  Co.,  MoCormick 
BIdg.,  Chicago,  III. 
Pnlverizers 

Hardinge   Conical    Mill  Co.,  120  Broadway. 

NewYork  City. 
Heil  Chemical  Co.,  Henry,  210-214  S.  4th  St., 
St.  Louis,  Mo. 
Pulrerisers,  Coal  and  Coke 

Fuller-Lehigh  Co.,  Fullerton,  Pa. 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 

Ohio. 
Traylor  Engineering  A,  Mfg.  Co.,  Allentown. 
Pa. 
Pulrerisers.  Ore 

Fuller-Lehigh  Co.,  FuUerton,  Ra. 

Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentoi^n, 

Pa.  ^ 
Worthington   Pump   &  Machinery  Corp'n., 
116  Broadway.  New  York  City. 
PumM,  Acid 

Worthington  Pum 
116  Broadway 
Pumps.  Centrifugal 

AlUs-Chalmers  Mfg.  Co..  Milwaukee,  Wis. 
Worthington   Pumo  ft   Machinery  Corp'n., 
.        ,  Ne     "    * 


Machinery  Corp'n., 


limp   ft 

r.  New  York  City. 


116  Broadway,  New  York  City. 
,  Hydraulic  Pressure 

orthington  Pump  ft   Machinery  Corp'n.^ 
116  Broadway.  New  York  City. 
Pumps.  Pneumatic  Air  Lift 


^SUbi 


illiran  Machinery  Co..  122  So.  Michigan 
Are..  Chicago,  III. 


Pumpa,  Power 
W 

Pumps,  Sand 


orthington   Pump   ft   Machinery  Corp'n., 
,  Ne     "    ' 


116  Broadway,  New  York  Qty. 
IF.,  Sand 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 
Pumps,  Sinking 

Worthington  Pump   ft   Machinery  Corp'n., 


imp 
116  Broadway,  New  York  City. 

imp 
116  Broadway,  New  York  City.' 


Pumps,  ^ff 

Worthington  Pump   ft   Machinery  Corp'n., 


Pumps,  Track 

Worthington   Pump   ft   Maohinery  Corp'n., 
116  Broadway,  New  York  City. 


Pyrometers 

HeU  Chemical  Co.,  Henry,  210-214  8. 4tk  BU 
St  LouM,  Mo. 
Quarrying  Machinery 

SuUiran  Maehincnr  Co.,  123  So.  Ifldiliu 
Are.,  Chicago,  lU. 

Refkactories 

Harbison- Walker  Refractories  Co.,  Jvmm' 
Bank  Bldg.,  FitUburgh.  Pa. 
Respirators 

Goodrich  Rubber  Co..  B.  F..  Akrea.  0. 
Heil  Chemical  Co.,  Henry,  21(K214  8. 4tli  St 
St.  Louis,  Mo. 
RerolTing  Screen  Parts 

American  Manganeee  Steel  Co.,  MeCermiGk 

Bldg..  Chicago.  HI. 
Chalmers  ft  Williams.  Inc.,  Chicago  Heiiliti, 

Rock  brill  Steel  (See  Steel,  DriU) 
Rods.  DriU 

International  ffifh  Speed  Steel  Co.,OONM' 
sau  St.,  NewYork,  N.  Y. 
Roller  Mill  Parts 

American  Manganese  Steel  Co.,  MsCorfluok 
Bldg..  Chicago,  111. 
Rolla,  Crushing 

Buchanan  Co.,  C.  Q..  00  Wcat  St..  New  York 

City. 
Chalmers  ft  Williams.  Inc..  1466  AmoU  St.. 

Chicago  Heights.  111. 
Jeffrey  Mfg.  Co..  002  N.  4th  St..  CcIvmbA 

Ohio. 
Traylor  Engineering  ft  Mfg.  Co..  AOcotoee. 

Pa. 
Worthington  Pump  ft  Maohinery  Corp's* 
116  Broadway.  New  York  aty. 
Rooffnfs,  Aabestos  and  Rnbber-type 

Johne-ManrUle    Co.,    H.  W.,  206  MsdiMi 
Are.,  New  York  dty. 
Rope,  Wire 

Leschen  ft  Sons  Rope  Co.,  A..  020  N.  lit  St.. 

St.  Louis,  Mo. 
Maoomber  ft  Wlurte  Rope  Co.,  Keacshs,  Wb. 
Roebllng's  Sons  Co.,  John  A.,  Trenton.  N.  J. 
Rope  Fastenings,  Wire 

Maoomber  ft  Whyte  Rope  Co..  Kenosht,  Wit- 
Roebling's  Sons  Co..  John  A.,  IVsntoa.  N.  J- 
Rubber  Goods,  Mechanical 

Goodrich  Rubber  Co..  B.  F..  Akron.  0. 

Samplers,  Ore 

Chalmers  ft  Williams.  Inc.,  Chicago  Hosbta, 

111. 
Mine  and  Smelter  Supply  Co.,  42  Brosdvay, 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co..  AIliBtom, 

Pa. 
Worthington   Pump  ft  Machinery  Corp's.. 
116  Broadway,  New  York  City. 
Scorifiers 

Heil  Chemical  Co.,  Henry,  210-214  8.  4tk 
St.,  St.  Louis.  Mo. 
Screens.  Bar 

Holmes  ft  Bros..  Inc.,  Robt.,  80  N.  Hsselflt. 
Danrille.  111. 
Screens,  Perforated  Metal 

Chalmers  ft  Williams,  Inc.,  Chiesgo  E6^ 

ni. 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  CofaimbA 

Ohio. 
Screens,  Rerolring 

Buchanan  Co.,  C.  G.,00  WeatSt..NsvT«ik 

City. 
Chalmers  ft  Williams,  Inc.,  1466  Arnold  St, 

Chicago  Heights,  III. 
Colorado  Iron  Works  Co.,  Denrsr,  Colo. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Cdarnba. 

Ohio. 
Mine  and  Smelter  Supply  Co..  48  Broadw. 

New  York  City. 
Robins  Conreying  Belt  Co.,  Park  Row  BUif-. 

New  York  Oty. 
Traylor  Engineering  ft  Mfg.  Co.,  ADentowa. 

Pa.  ^     , 

Worthington  Pump  ft  Maehlaeiy  Cofp*« 
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ScTMUs,  ShAklnc 


Torches.  Cnttinf  And  Welding 

Cbitlmera  A  Williams.  Inc.,  1466  Arnold  St.,  |  Msoleod  Co..  Bo^en  St.,  Cinoinnati,  Ohio. 

Chi<»go  Heights.  111.  ,^„„      , -^  :  Towers  and  Bridies,  Stockinj;  and  RecUiminf 

Hobiee  d|  Broe..  Inc.,  Robt.,  30  N.  Basel  St.,  .  Robins  Conveying  Belt  Co.,  Park  Row  Bldg.. 

Danville.  111.  I  New  York  6ty. 

Sepsnton,  Majmetic  _    ^  _    ^  .^    „      _,    .  Tramways,  Wire  Rope,  Aerial 

Buchanan  Co.,  C.  Q..  90  West  St..  New  York  Leschen  &  Sons  Rope  Co..  A..  020  N.  1st  St.. 


City. 
Shaft  Sinkiiig  and  Dev^opment  Work 


St.  Louis.  Mo. 
Macomber  A  Whyte  Rope  Co..  Kenosha.Wis. 


1  auMiiig  ana  juevciopmenc  worx  Atacomoer  «  wnyte  nope  uo..  nenosna.  wis. 

Loncyear  Co.,  E.  J.,  710  Seeurity   Bldg..  {  Roebling's  Sons  Co..  John  A..  Trenton.  N.  J. 

Minneapolis,  Minn.  ,  Transformers.  Electric 

Sharpeners,  Drill  {  General  Electric  Co.,  Schenectady,  N.  Y. 

Denver  Roek  Drill  Mfg.  Co..  Denver,  Colo.  '  Westinghouse   Electric   &   Mfg.    Co.,   East 

Sullivan  Machinery  Co,,  122  So.  Michigan  ,  Pittoburgh,  Pa. 

Ave.,  Chicago,  IIL  Traps,  Steam 

Silica  Brick  |  Johns-Manville  Co^  H.  W.,  206  Madison 

Harbison-Walker  Refractories  Co.,  Farmers'  '  Ave..  New  York  City. 

Bank  Bldg..  Pittsburgh,  Pa.  I  TungaUte  of  Ammonia 

Skip  Hoists  (See  Hoists,  Skip)  Primes  Chemical  Co.,  Primes,  Pa. 


Bank  Bldg..  Pittsburgh,  Pa.  I   TungaUte  of  Ammonia 
loists  (See  Hoists,  Skip)  Primes  Chemi 

Maoomber.A  Whyte  Rope  Co.,  Kenosha,  Wis.  '    Tungstate  of  Soda 
Roebling's  Sons  Co.,  John  A.,  Trenton,  N.  J.  Primes  Chemi 


Primes  Chemical  Co.,  Primes,  Pa. 


Smelters  ,   Tungsten  Metal 

Vomlstttn  A  Co..  Inc..  L.,  42   Broadway.  Lavino  and  Co.,  E.  J.,  Bullitt  Bldg..  Phila- 

New  York  City.  delphia.  Pa. 

Smeltiii|;  Machinery  Primos  Chemical  Co..  Primes,  Pa. 

Allia-Chalmers  Mfg.  Co.,  Milwaukee,  Wis.  Tungsten  Ore 

Colorado  Iron  Works  Co^  Denver,  Colo.  Lavino  and  Co.,  E.  J.,  BulUtt  Bldg..  Phila- 


Tntylor  Engineering  ft  Mfg.  Co.,  AUentown, 
Pa. 


delphia.  Pa. 


Worthington  Pump  ft  Machinery  Corp'n.,  I    '^^^^^S'rV^^^.tlt ri    PrJmo.  Pa 

115  Broadway,  New  York  aty.  Primos  Chemical  Co.,  Prunes.  Pa. 

Soda  Ash  '   Tungstic  Acid 

HeU  Chemical  Co.,  Henry.  210-214  8. 4th  St.,  :           Lavino  and  Co.,  E.  J.,  BuUitt  Bldg.,  Phila- 

St.  Louis.  Mo.  «.^®^P**%  ^•:    ,  ^      «  . 

Soeltar  Primes  Chemical  Co.,  Primes.  Pa. 

niinois  Zinc  Co..  Peru,  lU.  I   Turbines,  Hydraulic 

Sptegeleisen  I           AUis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 

liAvino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila-  Turbines,  Steam 

delphia.  Pa.  AUis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 

Sprockets  General  Electric  Co.,  Schenectady,  N.  Y. 

American  Manganese  Steel  Co.,  McCormick  •            Westinghouse   Electric   ft    Mfg.    Co.,    East 

Bldg..  Chicago,  111.  '               Pittsburgh,  Pa. 

Stamp  Mill  Parts                                                  •  Valves,  Pump 

Amerioan  Manganese  Steel  Co..  MoCormiok  '           Goodrich  Rubber  Co..  B.  F..  Akron.  O. 

Bldg..  Chicago.  lU.  |   Vanadate  of  Ammonia 

Chalmers  ft  Williams,  Inc.,  Chicago  Heights,  Primos  Chemical  Co..  Primos,  Pa. 

lU.  I   VanadicAcid 

SteeL  DrilL  Hollow  and  Solid  „      Primos  Chemioal  Co.,  Primos.  Pa. 

Denver  Rock  DriU  Mfg.  Co.,  Denver.  Colo.  Vanadium  Chloride  ,  ^      ^  .          _ 

International  High  Speed  Steel  Co..  00  Nas-  |   ^    -Primos  Chemical  Co.,  Primos,  Pa. 

aau  St    New  York  N  Y  Vanadium  Ore,  Buyers  of 

Sullivan  Machineiy'Cof,  1*22  So.  Michigan  i   „     ^^''^^■^^•"ji?**  S**"  ^5™%' ?'^ 

Ave.,  Chicago.  111.  VentUating  Fans  (See  Fans,  Ventilating) 

Ste«L  Tool  I    _          _      . 

Tnternaaonal  High  Speed  Steel  Co.,  00  Nas-  ^•«?**„^***ill/?    ^      ono  w  ^*w  q*    r^  i      k 

aau  St..  New  York.  N.  Y.  I           Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 

Stokers  ^^^^' 

Westinghouse  Electric   ft   Mfg.   Co.,   East  \   Weigh  Hoppers  (See  Hoppers,  Weigh) 

Pittsburgh,  Pa.  Wheels 

Switchboards  American  Manganese  Steel  Co.,  MeCormiok 

General  Electric  Co.,  Schenectady,  N.  Y.  ,               Bldg..  Chicago.  111. 

VITestinghouse   Eleetrio   ft   Mfg.   Co.,   East  |    Wheels.  Mine  Car 

Pittsburgh.  Pa.  Fuller-Lehigh  Co..  FuUerton,  Pa. 

Tables.  Concentrating  (See  Concentrators)  I    ^'^\'^^,,^rL'^''c'^^l,  A..  Trenton.  N.  J. 

Test  teed                                   oi/v_ot^  a  ^*u  q*  Wire  Mechanism  (Lever  Control) 

HwlChenaic^  Co..  Henry.  210-214  S.  4th  St..  ;            Gwilliam  Co..  2^3  W.  68th  St.,  New  York 

;[^1S2ieod  Co..  Bogen  St..  ancinnati.  Ohio.  ,    ^^/^  ^tSe!; Sic^^cS 

Tbernaonieters,                           oi*v  ot^  a  ^*u  o*  General  Electric  Co..  Schenectady,  N.  Y. 

Hwl Chemica^Co.. Henry, 210-214 S. 4th St.,  Goodrich  Rubber  Ck>..  B.  F.,  Akron,  O. 

St.  Louis,  Mo.  I            Roebling's  Sons  Co.,  John  A.,  Trenton,  N.  J . 

Thickeners,  Slime  ;    ^.      _     ^ 

Colorado  Iron  Works  Co.,  Denver,  Colo.  I    Zinc  Dust 

I>orT  Co..  Denver.  Colo.  Vogelstwn  ft  Co..   Inc..  L..  42  Broadway 

Tipple  Machinery  Equipment  New  York  City. 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus.  Zinc  Sheet 

Ohio.  Illinois  Zinc  Co..  Peru.  111. 
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BULLETIN.  A   I.  M.  B.— ADVERTISING  SECTION 

ALPHABETICAL  LIST  OF  ADVERTISERS 

(With  Somxiuuy  of  Productt) 
See  pagee  30-39  for  CUueified  LM  of  Mining  and  Metallurgical  EquipnutU 


PAOI 

Allis-Chalmerf  Mfg.  Co.,  MilwaiikeOt  Wla * 

PRODUCTS:  Mining  Maohinery  of  Every  Typ«.  Complete  Power  and  Eleotrioel  Equip- 
menta. 

American  Manganese  Steel  Co.,  McGormick  Building,  Chlcagcf,  111 ' 

PRODUCTS:  Ceeiince  for  Mining  Machinery  Parte. 

Buchanan  Co.,  C.  G.,  90  West  St.,  New  York  City • 

PRODUCTS:  Crushing  and  Magnetic  Concentrating  Plante  Complete  in  All  DeUib.  Rock 
and  Ore  Crushers.  Crushing  Rolls.  Magnetic  Separators,  Revolving  Screens.  Bucket  Elcvaton. 
Ore  Feeders. 

Chalmers  &  Williams,  Inc.,  1465  Arnold  St.,  Chicago  Heights,  HI ' 

PRODUCTS:  Mining  and  Crushing  Machinery. 

Colorado  Iron  Works  Co.,  Denver,  Colo Inside  Front  Cover 

PRODUCTS:  Complete  Equipment  for  Cyanide  and  Concentrating  Mills  and  Snielting  PisBlt. 

Deleter  Concentrator  Co.,  Ft.  Wajme,  Ind * 

PRODUCTS:  Deister.  Overstrom  and  Deister-Overstrom  Tables  in  either  Single  or  DoaUt 
Deck  Types. 

Derby,  Jr.,  B.  L.,  Agent.  Lshpeming,  Mich * 

PRODUCTS:  The  Mass  Drill  Hole  Compass  for  determining  direction  and  dip. 

Dorr  Co.,  Denver,  Colo 27 

PRODUCTS:  Machinery  in  use  for  Cyaniding.  Wet  Gravity  Concentration.  Flotstioo, 
Leaching  Copper  Ores  and  many  non-metallurgical  industrial  processee. 

Da  Pont  de  Nemours  &  Co.,  B.  L,  Wilmington,  Del 9 

PRODUCTS:  Explosives.  Blasting  Powder.  Dynamite,  eto. 

Plory  Mfg.  Co.,  S.,  Bangor,  Pa ' 

PRODUCTS:  Mine  and  Contractors'  Hoists,  Cableways.  CapeUns.  Winches,  Msriot 
Railway  Hoists,  etc. 

FttUer-Lehigh  Co.,  Pullerton,  Pa 23 

PRODUCTS:  The  Fuller-Lehigh  Pulveri^r  MiU,  Cement  MiU  Maohinery,  Powdered  Cod 
Equipment,  Gsrratory  Crushers,  Roll  Cnwhers.  Rotary  Dryers,  Car  Wheels  and  Axka 
Chemical  Castings,  Charcoal  Iron  Castings,  Chilled  Castings. 

Ooneral  Blectric  Co.,  Schenectady,  N.  Y. 33,  Outside  Back  GoTer 

PRODUCTS :  Electric  Mine  Locomotives.     Electrio  Motors  for  OperaUng  Mining  Machinery. 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  O Inside  Back  Cover 

PRODUCTS:  Goodrich  "LongUfe,"  ** Dredge,*'  Vanner.  Take-off  and  Magnetic  Sepeiator 
Conveyor  Belts. 

GwiUiam  Co.,  263  West  68th  St.,  New  York  Qty * 

PRODUCTS:  Ball  and  Roller  Bearinigi.  The  Bowden  Patent  Wire  Mechanism  for  thi 
Transmission  of  Reciprocating  Motion  Through  a  Flexible  and  Tortuous  Route. 

Harbison-Walker  Refractories  Co.,  Pittsburg,  Penna. 25 

PRODUCTS:  Refraotoriee  for  Blast  Furnace  and  the  Open  Hearth.  Electrical  FunisMa 
Copper  Smelting  Plants.  Lead  Refineriee,  Nickel  Smelters,  Silver  Slimes  and  Dross  FunisM». 
Alloy  Furnaces,  as  well  as  all  other  types  in  use  in  the  various  metallurgieal  processes. 

Hardinge  Conical  Mill  Co.,  120  Broadway,  New  York * 

PRODUCTS:  Manufaoturen  of  the  Hardinge  Conical  Ball  Mill. 

Hell  Cheiaical  Co.,  Henry,  210-214  S.  4th.  St.,  St.  Louis,  Mo * 

PRODUCTS:  Jhemicals  and  Chemical  Appaiatus.  Supplies  for  Mines,  Smdten,  hes 
and  Steel  Works,  Scxiools.  Colleges,  and  Universities. 

Hercules  Powder  Co.,  Wilmington,  Del 1^ 

PRODUCTS:  Explosives,  Blasting  Powder,  Dynamite,  etc. 

Holmes  &  Bros.,  Inc.,  Robt,  SON.  Hazel  St.,  Danville,  111 IS 

PRODUCTS:  Engineers.  Founders,  Machinists  and  Boiler  Makers.  Builders  of  Hoisliaf 
and  Haulage  Engines,  Shake  Screens  and  Weigh  Hoppers,  Self  Dumping  Cages  and  Bmpir 
Car  Lifts,  Mill  and  Mine  Supplies. 

aifaiois  Zinc  Co.,  Peru,  111 

PRODUCTS:  Spelter,  Sheet  Zinc  and  Su^burio  Add. 

International  High  Speed  Steel  Co.,  09  Nassau  St.,  New  York  City ^ 

PRODUCTS:  Drill  Steel,  Tool  Steel.  Drill  Rods. 


*  Advertisement  does  not  appear  in  this  issue,  but  produots  are  listed  in  Clasnfied  IM  ef 
and  Metallurgical  Equipment. 
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Jeflrey  Mfg.  Co.,  002  N.  Fourth  St.,  ColumbuB,  O * 

PRODUCTS:  Electric  Coal  Cutters  and  Drilla;  Eleotrio  and  Storage  Battery  Locomotives; 
Coal  Tipple  Machinery  inoludiing  Elevators,  Conveyors,  Picking  Tables  and  Loading  Booms, 
Car  Hauls,  Car  Dumps,  Screens,  Crushsrs,  Pulverisers,  Fans,  Hoists,  etc. 

Johns-MaiiTine  Co.,  H.  W.,  New  York  City 31 

PRODUCTS:  Asbestos  and  Rubber-type  Roofings,  Roof  Coating,  Steam  Packings.  Pipe 
Ineulations,  Cements,  Brake  Lining  and  Brake  Blocks,  Steam  Traps,  Third  Rail  Insulators, 
Mine  Hangers,  Moulded  Mica  Weatherproof  Sockets,  Electrical  Tapes  and  Fuses. 

LaWno  &  Co.,  B.  J.,  Bullitt  Bldg.,  Philadelphia,  Pa • 

PRODUCTS:  Ores:  Manganese,  Chrome,  Iron,  etc.     Ferro  Alloys  and  Metals.    Pig  Iron.  , 

Laschen  &  Sons  Rope  Co.,  A.,  St.  Louis,  Mo * 

PRODUCTS:  Wire  Rope  for  all  purposes,  including  Hercules  Red  Strand  Wire  Rope,  and 
Wire  Ropes  of  Patent  Flattened  Strand  and  Locked;  Coil  constructions.  Aerial  Wire  Rope 
Tramways  for  economical  transportation  of  material. 

Longyear  Co.,  B.  J.,  710  Security  Bldg.,  Minneapolis,  Minn 13 

PRODUCTS:  Contract  Diamond  Drilling,  Manufacture  of  Diamond  Drills  and  Supplies, 
Shaft  Sinking  and  Development  Work,  Geoloi^cal  Department. 

Macleod  Co.,  Bogen  St.,  Cincinnati,  Ohio * 

PRODUCTS:  Ozy-Acetylene  Cutting  St  Welding  Apparatus  for  mine  repair* work,  also  port- 
able oil  burners  for  same  purpose,  metallurfl^cal  furnaces,  carbide  lights,  ana  sand  blast  outfits. 

Mtcomber  &  Wliyte  Rope  Co.,  Kenosha.  Wis * 

PRODUCTS:  Monarch  Whvte  Strand  Wire  Rope,  Patent  Kilindo  Non-RoUtin^  Wire  Rope. 
Wire  Rope  of  all  Grades  and  Constructions.    Patent  Monarch  Mine  Car  Hitchings. 

Mine  &  Smelter  Supply  Co.,  42  Broadway,  New  York  City * 

PRODUCTS:  Manufactures  of  Mining,  Milling,  Smelting  and  Crushing  Machinery. 

Primes  Chemical  Co.,  Primes,  Pa * 

PRODUCTS:  Molybdenum,  Tungsten  and  Vanadium  Products.  Buyers  of  Molybdenum, 
Tungsten  and  Vanadium  Ores. 

Robins  Conveying  Belt  Co.,  Park  Row  Bldg.,  New  York  CSty * 

PRODUCTS:  Belt  Conveyors,  Bucket  Elevators,  Ore  Bedding  Ssrstems,  Unloading,  Stocking 
and  Reclaiming  Towers  and  Bridges,  Conveyor  Auxiliaries. 

Roebling's  Sons  Co.,  John  A.,  Trenton,  N.  J 5 

PRODUCTS:  Wire  Rope  for  MinindWork.  Stook!;shipments  from  agencies  and  branches 
throughout  ihm  oountry. 

Roessler  &  Hasslacher  Chemical  Co.,  100  William  St.,  New  York * 

PRODUCTS:  Cyanide  of  Sodium  and  Other  Chemicals  for  Mining  Purposes. 

Ronles-Coles  Bngineering  Co.,  50  Church  Street,  New  York * 

PRODUCTS:  Manufacturers  of  the  Ruggles-Coles  Dryer  for  AH  Materials.    Powdered  Coal 
Equipment. 

Snllivui  Machinery  Co.,  122  S.  Michigan  Ave.,  Chicago,  111 42 

PRODUCTS:  Coal  Pick  Machines,  Air  Compressors,  Diamond  Core  Drills,  Rock  Drills,  Ham- 
mer Drills,  Mine  Hoists,  Chain  Cutter,  Bar  Machines,  Fans. 

Traylor  Bngineering  &  Mfg.  Co.,  Allentown^  Pa 19 

PRODUCTS:  Manufacturers  of  Mining,  Milling,  Smelting'and  Crushing  Machinery. 

Voffelstein  &  Co.,  Inc.,  L.,  42  Broadway,  New  York * 

PRODUCTS:  Buyers,  Smelters  and  Refiners  of  Oree'and  Metals  of  all  classes. 

Vulcan  Iron  Works,  Wilkes-Barre,  Pa * 

PRODUCTS:  Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Hoistin^f  and  Haulage  Engines, 
Mhiing  Machinery,  etc.     Nicholson  Device  for  Prevention  of  Overwinding. 

Wedge  Mechanical  Pnmace  Co.,  Greenwich  Point,  Philadelphia,  Pa «  * 

PRODUCTS:  The  Wedge  Mechanical  Roasting  Furnace  (Patented). 

Weetinghonse  Electric  &  Mfg.  Co.,  East  Pittsburgh,  Pa 29 

PRODUCTS:  The  Baldwin- Westinfl^ouse  Electric  Mine  Locomotives.  Electrical  Machin- 
•sy:  Turbines,  Generators,  Motors,  etc. 

Wood  Bquipment  Co.,  McCormick  Bldg.,  Chicago,  HI 17 

PRODUCTS:  The  Pneumatic  Rotary  Dump  (Wood  and  Ramsay  Patents).  Adaptable  to 
aJl  mining  conditions — old  or  new  operations. 

Worthington  Pump  and  Machinery  Corp'n,  115  Broadway,  New  York 21 

PRODUCTS:  Laidlaw  Feather  Valve  Air  Compressors,  Direct  Acting  and  Centrifugal 
Pumps,  Power  Pumps,  Rock  and  Ore  Crushers,  Crushing  Rolls,  Tube  Mills,  Converters, 
Woodbury  Jigs,  Snow  Oil  Engines. 

*  Advertlsemsnt  does  not  appear  in  this  issue,  but  products  are  listed  in  Classified  List  of  Mining 
,d   Bf  etaUurgical  Equipment. 
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Another  Shaft  Record 
for  Rotators 


THE  SENECA  SHAFT  at  Mohawk,  MichigaD,  near  Calumet, 
claims  a  new  record  for  fast  sinking.     During  May,  June, 
July,  August  and  September  of  last  year,  994  feet  of  four- 
compartment  shaft  were  sunk.     The  shaft  is  1 1  ft,  4  in.  x  21  ft. 
4  in.  in  size. 

The  record  progress  by  months  was  as  follows: 
Ha7,  208  ft.  (27  working  d&Ts). 
Tune,  302  ft  (26  workine  dsTs). 
July,  196  ft.,  (36  working  days). 
August,  206  ft.  (27  worUug;  daja). 
September,  164  ft.  (34  working  dajs). 

Sullivan  Air  Tube  Rotators 

performed  practically  all  the  drilling.   ,  Ten  drills  were  used, 

putting  in  45  holes,  averaging  eight  feet  deep  per  round,  in  from 

3  to  5  hours'  drilling  time.     Three  shifts  were  worked  per  day. 

For  rapid  sinking,  choose  Rotators 

Bulletin  970-P 


SULLIVAN  MACHINERY  CO. 

122  South  Michigan  Avenue,  Chicago,  III. 
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lO  THOUSAND  INHABITANTS 


SUPPOSE  that  every  man,  woman  and  child 
in  Sharon,  Pa.,  for  example,  suddenly 
stopped  their  everyday  occupations  and  started 
making  rubber  goods — and  you  will  get  a  foint 
idea  of  the  stupendous  magnitude  of  the  great 
Goodrich  Rubber  Faaories. 

Sixty-three  buildings — a  city  in  itself — with  its 
ovm  post  office,  restaurants,  physicians  and 
fire  and  police  protection.  AJl  operating  with 
one  fixed  idea— "QUALITY  FIRST."  No  less 
could  have  perfected  this  organization — made 
it  more  enduring  than  the  very  steel  that  sup- 
ports its  mammoth  bulk. 

Look  over  the  products  listed  at  the  right,  rec- 
ognized as  the  best  of  their  kind  all  over  the 
world.  They  represent  fifty  years'  rubber 
experience. 

Our  experts  are  at  3rour  service.  They  will 
study  your  individual  mechanical  needs  as 
conscientiously  as  if  the  business  were  their 
OAvn.     Take  advantage  of  this  service. 

THE  I.F.EDIDRKH  RUBIER  COHPUIT 

The  Cit7  of  Goodricfa— Akron,  Ohio 


"COMMANDER" 


Water,  Mill.  Boiler 
Wuhout,  Oil,  Acid 
and    Chemical    Hom 


GaskMB,  Tubing  and 
Mechanical  Rubber 
Goods  of  all  Unda 
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EFFICIENCY  IN  DEVELOPMENT  OF  NATURAL  RESOURCES 

With  the  signing  of  the  armisticfe  on  Nov.  11,  the  direction  of  the 
main  concentration  of  effort  of  the  United  States  was  changed.  In  order 
to  win  the  war,  all  industrial  efforts  had  to  be  organized  and  centralized. 
With  the  war  won  and  peace  in  sight,  this  centraUzation  of  effort  stopped 
and  the  full  play  of  individual  initiative  was  allowed  to  resume  its  sway 
in  the  community.  During  this  period  of  reversal  of  direction  of  effort, 
there  was  a  natural  loss  of  momentum  and  the -United  States,  as  well  as 
the  rest  of  the  world,  is  in  for  a  period  of  readjustment. 

The  immense  progress  that  was  made  in  one  direction  under  the  stress 
of  the  necessities  of  war,  which  focused  the  energies  of  a  nation  in  one 
direction,  is  an  outstanding  example  of  what  can  be  accomplished  if  a 
community  with  many  varying  interests  can  be  united  on  one  objective 
which  it  desires  to  attain.  The  reaUzation  that  the  fusing  of  many 
interests  into  one  stream  of  effort  is  difficult  should  not  prevent  us  from 
taking  the  long  view  ahead  that  is  necessary  in  order  to  be  able  to 
measure  the  progress  made.  If  we  don't  have  a  mountain  peak  to  guide 
us,  we  are  very  likely  to  run  in  circles  in  the  plain  without  reaching  the 
goal  to  which  we  strive. 

The  most  efficient  development  of  natural  resources  is  an  ideal  that, 
from  a  material  point  of  view,  appeals  to  the  engineer.  This  ideal 
includes  giving  of  opportunities  to  everyone  to  take  a  share  in  the  de- 
velopment of  these  resources.    It  also  contemplates  rewarding  foresight 
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and  energy  by  giving  a  chance  to  the  man-who-can,  to  acquire  and 
develop  as  much  property  as  his  energy  and  resources  will  permit,  ft 
proposes  to  reward  thrift,  capacity,  and  knowledge  and,  by  comparison, 
to  punish  the  lack  of  these  characteristics.  Some  too  great  worshippers 
of  efficiency  have  been  lead  into  undesirable  results.  Tlie  world  now 
knows  that  the  development  of  any  natural  resource  which  demands  that 
the  workers  shall  receive  inadequate  wages  and  have  less  leisure  than  they 
are  entitled  to  is  not  worth  doing.  i 

The  most  efficient  development  of  natural  resources  connotes  the 
thrifty  use  of  labor..  Our  nation  has  received  a  tremendous  impetus  in 
the  cause  of  thrift,  as  applied  to  money,  during  the  four  campaigns  for 
the  flotation  gf  the  Liberty  Loans;  but  due  to  the  necessities  of  sp^  and 
volume  of  output  in  order  to  win  the  war,  it  has  unlearned  the  lesson  of 
thrift  in  the  use  of  labor.  Owing  to  the  rapid  demobilization  of  the 
army  and  the  natural  disposition  to  take  stock  throughout  industries  of 
peace,  there  is,  in  many  quarters,  a  temporary  abui\dance  of  labor.  Past 
experience  of  the  productive  demands  of  America  and  a  close  sizing  up 
of  the  present  industrial  situation  lead  me  to  believe  that  when  industry 
again  acquires  momentum  there  will  be  a  shortage  of  labor.  This  will 
be  accentuated  as  soon  as  ocean  travel  is  freer.  It  is  estimated  by  pas- 
senger agents  that  about  1,000,000  foreigners  will  return  to  their  own 
country  as  soon  as  they  can  do  so  with  reasonable  ease^  Undoubtedly 
many  inhabitants  of  Europe  will  desire  to  come  to  America  to  share  tk 
high  wages  obtaining  here  and  to  escape  the  high  taxation  that  will  obtain 
there;  the  European  Governments  will  probably  make  it  as  difficult 
as  possible  for  their  inhabitants  to  emigrate.  The  United  States  will  not 
be  the  only  place  that  will  offer  attractions  to  the  would-be  emigrant  from 
Europe;  Canada,  Australia,  and  the  South  American  countries  will  all 
offer  inducements  and  will  {tdvertise  those  inducements. 

The  resultant  of  all  these  forces  seems  to  me  to  be  in  the  direction  of  a 
shortage  of  labor.  If  this  estimate  of  the  situation  is  correct,  it  behooves 
us  to  re-learn  the  lesson  of  the  thrifty  use  of  labor  as  speedily  as  possible. 
The  most  thrifty  use  of  labor  is  achieved  by  seeing  that  each  individual 
laborer  is  suited  to  the  job  by  which  he  earns  a  living. 

Sidney  J.  Jenkikos. 


CLOSING  DAT£  FOR  MANUSCRIPTS,  JUNE  1,  1919 

The  Committee  on  Papers  and  Publications  has  set  June  1,  1919,  as 
the  closing  date  for  the  receipt  of  manuscripts  intended  for  the  Chicago 
meeting,  which  is  to  be  held  in  September,  1919.  Manuscripts  must  be 
received  by  the  Secretary  on  or  before  this  date.  If  they  are  sent  through 
members  of  the  technicsd  committees  they  must  be  sent  to  those  commitr 
tees  long  enough  in.  advance  to  be  forwarded  and  in  the  hands  of  the 
Secretary  by  the  time  specified. 


YEAR  BOOK  FOR  1919 

The  Year  Book  of  the  Institute  will  be  mailed  with  the  May  Bulletin. 
Its  membership  lists,  both  alphabetic  and  geographic,  ar^  corrected  to 
Mar.  1,  and  the  lists  of  officers  and  c(Hnmitte(S9:M^4H>iTect  to  date; 
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W.  R.  INGALLS  RETIRES  FROM  ENGINEERING  AND  MINING 

JOURNAL 

W.  R.  Ingalls,  since  1905  editor  of  the  Engineering  and  Mining  Jour- 
nal,  retires  from  that  position  with  the  issue  of  Mar.  22,  to  open  offices 
in  New  York  City  as  a  consulting  engineer.  The  severing  of  this  con- 
nection will  not  be  complete,  however,  as  Mr.  Ingalls  will  continue  as 
consulting  editor,  and  will  handle  the  metal-market  quotations  in  the 
Journal  which  are  now  the  accepted  authority  for  the  government  set- 
tlements of  ore  importations  and  the  basis  of  practically  all 'the  ore 
settlements  between  miners  and  smelters  throughout  the  country. 

No  greater  compliment  can  be  paid  to  Mr.  Ingalls  than  this,  unless 
it  is  the  recognized  fact  that  these  quotations  have  been  made  what  they 
are  by  his  ability  and  his  integrity,  which  secured  for  him  chlinnels  of 
information  vital  to  the  accurate  estimating  of  the  market,  but  denied 
to  anyone  else.  The  Journal^  under  the  strong  hand  of  Mr.  Ingalls,  has 
always  been  the  acme  of  ethics  in  technical  journalism,  and  the  best 
wish  that  can  be  given  to  his  successor,  not  yet  announced,  is  that  the 
Journal  may  long  continue  to  live  up  to  the  standards  not  originated, 
but  so  consistently  maintained  and  strengthened  by  Mr.  Ingalls.  His 
spelter  statistics  are  accepted  as  authoritative  wherever  the  English 
language  is  read  and  zinc  ore  is  mined. 

He  has  found  time  during  his  very  arduous  years  on  the  Journal  to 
be  the  authoi'  of  several  works  on  the  resources  and  metallurgy  of  zinc, 
lead,  cadmium,  etc. ;  for  5  years  was  the  editor  of  Mineral  Industry;  and 
was  consulting  engineer  for  the  Bureau  of  Mines  and  joint  author  of  their 
voluminous  and  authoritative  work  on  mine  safety  rules.  His  retire- 
ment from  the  Journal  is  a  distinct  loss  to  every  one  of  the  Journal's 
readers  individually  and  to  the  profession  as  a  whole.  Universal  good 
wishes  go  with  Mr.  Ingalls  to  his  new  field,  which  has  for  a  long  time  been 
offering  him  professional  attractions  that  his  confining  editorial  work 
has  not  permitted  him  to  accept. 


PHILIP  N.  MOORE  ON  WAR  MINERAL  RELIEF  COMMISSION 

Past-president  Philip  N.  Moore  has  accepted  the  position  of  engineer 
member  of  the  War  Mineral  Relief  Commission  and  has  already  taken 
up  the  work.  J.  E.  Spurr  is  the  chief  engineer  of  the  Commission  and 
is  now  organizing  the  examining  staff. 


MEETING  OP  BOARD  OF  DIRECTORS 

At  the  meeting  of  the  Board  of  Directors  held  Tuesday,  Feb.  18, 1919, 
there  were  present  nineteen  Directors  and  the  Secretary  of  the  Institute. 

The  following  officers  were  elected  for  the  year:  A.  R.  Ledoux, 
first  vice-president;  George  D.  Barron,  treasurer;  Bradley  Stoughton, 
secretary;  and  the  following  committees:  Executive  Committee,  Finance 
Committee,  Library  Committee,  Committee  on  Papers  and  Publications,. 
Conunitte  on  Membership.  The  personnel  of  these  committees  will  be 
published  in  the  Year  Book. 

A  vote  of  thanks  was  passed  to  each  officer  and  member  of  the  several 
committees  that  arranged  the  New  York  Meeting  of  the  Institute. 
The  meeting  dates  for  the  Board  were  arranged  for  the  year.  The  report 
of    the  Treasurer  was  presented,   also  the   report    of  the  Auditing 
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Committee;,  they  were  acc0pted  and  filed.  The  annual,  budget  was 
adopted. 

There  were  elected  twenty-eight  members,  nine  associates,  and 
twenty-one  junior  associates.  The  status  of  one  member  was  changed 
from  junior  associate  to  member.  One  member  was  reinstated.  The 
resignations  of  five  members  were  accepted.  Dues  were  suspended  of 
four  members  on  active  duty  with  the  Allied  Armies. 

A  report  was  presented  from  the  Institute's  representatives  on  the 
Naval  Consulting  Board  and  a  report  from  the  Institute's  representative 
on  the  Engineering  Delegation  to  France.  There  were  also  presented  the 
annual  reports  of  the  United  Ekigineering  Societv  and  the  Engineering 
Societies'  Library.  The  Committee  on  Development  of  Institute 
Activities  presented  a  preliminary  report. 


LOCAL  SECTION  N£WS 

MONTANA  SECTION 


Frederick  Laist,  Chairman  F.  W.  Bacorn,  Viee-dunnuM 

£.  B.  YouNO,  Secretary-Treasurer,  526  Hennesy  Building,  Butte,  Mont. 
C.  H.  Clapp  C.  D.  Demond 

The  Montana  Section  held  its  annual  meeting  at  the  Silver  Bow  Club, 
Butte,  Mont.,  on  Friday,  Feb.  7.  The  technical  session  was  preceded 
by  a  dinner  at  which  54  members  and  guests  were  seated.  N.  B.  Braly 
presided  at  the  dinner  and  the  business  and  technical  sessions.  The 
officers  whose  names  are  noted  above  were  elected  for  the  ensuing  year. 

H.  B.  Pulsifer  presented  a  paper  on  The  Metallurgy  of  Aluminum 
and  Magnesium;  it  was  discussed  by  C.  H.  Clapp  and  F.  A.  Linfortk. 
J.  C.  Horgan  presented  a  paper  on  The  Manufacture  of  High  Explosives 
and  their  Use  in  Metal  Mines;  it  was  discussed  by  C.  W.  Morse,  J.  J. 
Carrigan,  and  C.  W.  Goodale. 

The  matter  of  reformed  spelling  as  proposed  in  a  circular  letter  com- 
ing from  Palo  Alto,  CaUf .,  was  discussed,  after  which  the  Secretary  was 
instructed  to  write  to  Secretary  Stoughton  and  ask  that  when  the  matter 
is  opened  for  discussion  in  New  York  he  present  the  emphatic  protest  of 
the  Montana  Section  against  the  alleged  reforms  in  spelling. 

E.  B.  Young,  Secretanf. 

ST.  LOmS  SECTION 

F.  V.  Desloge,  Chairman  P.  B.  Butler,  Vice^hmm» 

F.  F.  JoROENSEN,  Vice^hairman  J.  Frank  Thompson,  Viee-chmrman 

W.  E.  McCouRT,  Secretary-Treasvrer,  Washington  Univ..  St.  Iiouis,  Mo. 

R  W.  Barrell  J.  N.  HoussR 

R.  £.  Hoffman  Eugene  McAuliffb  H.  T.  Mann 

The  sixth  annual  meeting  of  the  Section  was  held  at  the  St.  Louis 
Club,  on  Mar.  1.  The  meeting  was  preceded  by  a  dinner  at  which  63 
members  and  guests  were  present.  Among  the  guests  were  H.  V.  Win- 
chell,  President  of  the  Institute;  Bradley  Stou^ton,  Secretary  of  the 
Institute;  R.  C.  Allen,  State  Geologist  of  MichliBan;  and  B.  L.  Brown. 
President  of  the  Engineers  Club  of  St.  Louis.  The  officers  named  abov^ 
were  elected  for  the  year  1919. 
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The  following  resolution  was  adopted. 

WhERELAlS,  the  activities  of  the  several  national  engineering  socie- 
ties are  at  the  present  time  becoming  more  and  more  strongly  directed 
along  lines  of  cooperation  and  coordination  of  effort  in  public  affairs,  and 

WHEREAS,  the  Associated  Engineering  Societies  of  St.  Louis  offers 
an  opportunity  for  the  members  of  this  Section  to  cooperate  with  the 
colleagues  in  the  profession,  now  therefore,  be  it 

RESOLVED:  that  the  St.  Louis  Section  of  the  American  Institute  of 
Mining  and  Metallurgical  Engineers  affiliate  with  the  Associated  Engineer- 
ing Societies  of  St.  Louis. 

The  Chairman  then  introduced  President  Winchell,  who  presented  an 
eloquent  appeal  to  the  engineer  and  to  the  American  Institute  of  Mining 
and  MetaUurgical  Engineers  for  more  specific  and  enlarged  service  during 
this  trying  period  of  reconstruction.  The  Secretary  of  the  Institute, 
Bradley  Stoughton,  reported  on  the  New  York  meeting  and  announced 
the  definite  change  of  the  name  of  the  Institute  from  the  American  Insti- 
tute of  Mining  Engineers  to  the  American  Institute  of  Mining  and  Metal- 
lurgical Engineers.  He  also  outlined  the  plans  for  the  September  meeting 
of  the  Institute  to  be  held  in  Chicago,  and  spoke  in  general  of  the  activ- 
ities of  the  Institute.  R.  C.  Allen  made  an  interesting  address  on  the 
subject  of  the  New  Revenue  Law  and  Mine  Taxation.  Philip  N.  Moore 
was  the  last  of  the  speakers. 

BOSTON  SECTION 

Alfred  G.  Lanib,  Chairman  Georqb  A.  Packard,  Vice-chairman 

H.  M.  B0TL8TON,  Secreiary-Treasurert  26  Abbot  Bldg.,  Cambridge,  Mass. 
R.  L.  AoASSiz  Fred  W.  Denton 

The  fiftieth  meeting  of  the  Boston  Section  was  held  at  the  Boston 
City  Club  on  Monday,  Feb.  3.  A  letter  from  the  Duluth  Engineers 
Club  relating  to  the  possibilities  of  closer  organization  and  cooperation 
between  the  several  American  technical  societies  was  read  but  no  action 
was  taken.  Professor  Lindgren,  who  was  to  be  the  speaker  of  the  evening, 
was  prevented  by  illness  at  the  last  moment  from  attending,  so  Prof. 
Lane  entertained  the  society  for  about  an  hour  with  an  extremely  inter- 
esting series  of  lantern  slides,  portraying  the  geography  of  the  war,  includ- 
ing its  physiographic  features  and  the  relation  between  the  German  war 
aims  and  the  economic  distribution  of  colonies  and  mineral  deposits,  and 
especially  the  iron  ore,  coal  and  oil. 

Prof.  T.  Whittemore,  who  has  been  in  Russia  or  the  Balkans  during  a 
large  part  of  the  last  5  or  6  years  in  Red  Cross  and  other  work  for  children, 
gaVe  an  informal  talk  on  present  conditions  in  Russia  and  the  opportuni- 
ties for  American  and  Allied  aid.  He  brought  out  these  points:  (1) 
That  there  is  a  real  Russian  nation,  although  thoroughly  impregnated 
with  German  influence;  (2)  that  the  real  Russian  has  a  self -centered 
childlike  character  and  is,  or  was,  intensely  religious  with  a  strong  belief 
in  miracles,  these  characteristics  being  fostered  by  the  Imperial  Russian 
Government  and  preventing  any  real  sense  of  citizenship  or  consciousness 
of  statehood  among  the  people;  (3)  that  there  is  hope  of  a  revived  Russian 
nation  in  some  more  democratic  form  than  in  the  past,  especially  if 
outside  aid  can  be  obtained;  (4)  that  Bolshevism  is  anarchy.  Many 
quesftions  were  asked  of  the  speaker  to  which  he  replied  with  clear  and 
convincing  answers. 
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The  Chairman  appointed  the  following  nominating  committee  to 
bring  in  names  for  president,  vice-president,  and  secretary-treasurer, 
to  be  voted  on  at  the  annual  meeting  on  Mar.  3.  A.  H.  Eustis,  chairman, 
Prof.  Albert  Sauveur,  Prof.  E.  E.  Bugbee. 

H.  M.  BoTLSTON,  Secretary^Treasurer. 

TULSA  SECTION 

Alf  G.  Heogbm,  Chairman  Alexander  Deubsbk,  Viee-chmman 

Charles  H.  Taylor,  Vics-chainnan  Erasmus  Haworth,  Fioe-cAotrma 

M.  M.  Valerius,  Junior  Viee-chavrman 
James  H.  Gardner,  Secretanf^Treasyrer,  Tulsa,  CMda. 

IrVINQ   PeRRINE  J.    J.    RUTLEDOE  S.    H.   WOBBKLL 

At  the  last  meeting  of  the  Tulsa  Section,  Dr.  J.  J.  Rutledge,  d 
McAlester,  Okla.,  was  elected  chairman  for  the  next  year  and  G.  L. 
Severy,  of  Tuka,  was  chosen  secretary.  We  are  now  on  our  feet  in  good 
shape  and  hope  to  prove  a  useful  branch  of  the  Institute. 

James  H.  Gardner,  Secreiary-Treasurer. 

SAN  FRANCISCO  SECTION 

F.  W.  Bradley,  Chairman  T.  A.  Rickard,  Vu»<haman 

W.  H.  Shocklet,  Secretary-Treasurerf  969  Waverley  St.,  Palo  Alto,  Calif. 

D.    M.    RiORDAN  C.    F.    TOLMAN,  Jl 

On  Jan.  14,  the  meeting  was  at  the  Engineers'  Club;  twenty-nine 
were  at  the  dinner  and  forty  at  the  subsequent  meeting.  The  counting 
of  the  ballots  showed  that  the  above  officers  were  elected  for  the  coming 
year.  In  the  absence  of  Chairman  Bradley,  the  former  chairman, 
Mr.  Elliott,  presided.  The  report  of  the  treasurer  showed  that  $239.66 
has  been  spent  during  the  year;  the  principal  items  were  notices  to  mem- 
bers $110;  rent  of  rooms  for  meetings  $93.  A.  K.  P.  Harmon,  Jr.  and 
Walter  Stalder  were  appointed  auditors. 

Chairman  Elliott  gave  the  report  of  the  committee  appointed  to  act 
with  the  Joint  Council  of  the  Engineering  Societies  of  San  Francisco 
concerning  the  bill  for  licensing  engineers  that  is  now  before  the  Cali- 
fornia legislature.  T.  A.  Rickard  was  appointed  a  delegate  to  act  with 
the  committee  in  New  York  that  has  been  appointed  to  consider  the 
future  development  of  the  Institute. 

R.  E.  CoUom,  of  the  California  State  Mining  Bureau,  read  a  papff 
on  the  ''Comparison  of  results  obtained  by  various  methods  of  exclucUng 
water  from  oil  wells  in  California."  The  paper  is  a  summary  of  an  article 
that  will  appear  in  Chapter  II  of  the  third  annual  report  of  the  State 
Oil  and  Gas  Supervisor,  BvMetin  No.  84  of  the  California  State  Mining 
Bureau,  to  be  issued  in  April,  1919.  Various  methods  of  shutting  off  the 
top  and  intermediate  waters  met  with  in  drilling  oil  wells  were  discussed; 
the  data  were  obtained  from  890  reports  made  to  the  Department  of 
Petroleum  and  Gas  during  the  year  ending  June  30,  1918;  the  reports 
were  concerned  chiefly  with  new  work  and  deepening  operations.  The 
paper  discussed  the  relative  efficiency  of  operations  with  rotary  and  cable 
tools.  A  comparison  of  all  the  data  showed  that  the  failure  to  shut  off 
the  water  was  14.4  per  cent,  for  cable-tool  wells,  and  21.8  per  cent,  for 
rotary  wells.  Failures  in  the  rotary  wells  are  in  part  due  to  the  difficulty 
of  determining  the  depths  of  the  various  formations.  It  was  shown  that 
the  rotary  method  is  confined  to  casing  of  a  lindted  range  in  diameter, 
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the  lO-in.  being  the  favorite  sixe,  while  the  casing  in  cable-tool  wells 
is  equally  distributed  over  8.25  in.,  10  in.,  and  12.5  in.  diameters. 

One  of  the  advantages  of  the  cement  shut-off  is  probable  protection 
from  corrosion.  Instances  in  the  Coalinga  field  were  cited  where  corro- 
sive waters  cut  out  the  casing  in  from  3  to  5  years.  Cement  shut-off 
has  the  further  advantage  that  it  reinforces  the  casing  and  prevents 
collapse;  it  also  stops  movements  of  fluids  and  gases  between  formations. 
It  may  be  used  for  aU  depths,  while  formation  shut-off  is  more  suitable 
for  shallow  wells;  16  per  cent,  of  the  cement  shut-offs  were  over  3000  ft. 
deep.  The  percentage  of  failures  increases  with  the  depth  of  the  well: 
14.9  per  cent,  at  100  to  1000  ft.,  20.4  per  cent,  at  deeper  than  3000  ft. 
In  each  instance  the  rotary  failures  are  greater,  the  excess  for  all  depths 
being  7  per  cent. 

W.  H.  Shocklby,  Secretary. 

COLORADO  SECTION 

R.  J.  Grant,  Chairman  W.  H.  Leonard,  Vice-chairman 

Robert  M.  Keenet,  Secretary-Treasurer,  Box  1S6,  Denver,  Colo. 
S.  A.  loNiDEs  Robert  Hubsh 

The  regular  annual  meeting  of  the  Colorado  Section  of  the  A.  I.  M.  E. 
was  held  at  the  Denver  Athletic  Club,  Feb.  8, 1919.  Fifty-three  members 
attended  the  dinner.  After  a  talk  by  Lieut.  Horace  Wells,  of  the  104th 
Squadron,  R.  A.  F.,  B.  E.  F.,  in  which  he  detailed  his  experience  as  a 
prisoner  in  Germany  for  4  months,  a  business  meeting  was  held.  The 
newly  elected  officers  are  named  above. 

It  was  found  that  the  treasury  of  the  Local  Section  was  in  first-class 
condition;  credit  for  a  good  part  of  the  balance  on  hand  is  due  to  the 
liberality  of  the  Cripple  Creek  and  Colorado  Springs  members.  The 
appeal  for  relief  of  the  children  of  the  French  engineers  was  answered  by 
an  appropriation  of  $150  from  the  treasury;  other  contributions  were 
made  by  the  members. 

The  new  chairman,  R.  J..  Grant,  was  the  very  competent  executive 
manager  to  Colorado's  Food  Administrator,  Thos.  B.  Steams,  and  the 
Local  Section  should  benefit  through  his  unusual  capabilities. 

Fred  Carroll,  Secretary-Treaaurer  for  1918. 


AFFILIATED  STUDENT  SOCIETIES 

MINING  ASSOCUTION,  UNIVERSITT  OF  CALIFORNU 

At  a  meeting  of  the  Mining  Association  of  the  University  of  Cali- 
fornia, held  Feb.  12,  ofiicers  for  the  present  semester  were  elected  as 
follows:  President,  Richard  C.  Kerr,  '19;  vice-president.  Glen  T.  O'Brien, 
'20;    secretary,  Kenneth  V.  King,  '19;  treasurer,  Sam  Grinsf elder,  '20. 

Kenneth  V.  King,  Secretary. 

CARNEGIE  METALLX7RGY  AND  MINING  CLUB,  CARNEGIE  INSTITUTE 

OF  TECHNOLOGT 

At  a  meeting  held  Jan.  21,  by  the  Carnegie  Metallurgy  and  Mining 
Club  of  the  Carnegie  Institute  of  Technology,  Pittsburgh,  Pa.,  the  foUow- 
of&cers  were  elected:  A.  Stratmoen,  president;  S.  H.  Stupakoff,  Jr., 
secretary;  F.  B.  Dreifus,  treasurer. 
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A  committee  was  appointed  to  arrange  a  schedule  of  promin^t 
speakers,  to  be  selected  particularly  from  the  industries  ofj  Pittsbuif^, 
for  each  meeting  of  the  Club.  The  first  such  meeting  was  held  Feb.  3. 
The  speaker,  Raymond  Wile,  a  mine  owner  of  Bolivia,  gave  a  very  inter- 
esting talk  on  Smelting  of  Tin  Ores  in  Bolivia,  including  in  his  talk  his 
experiences  with  the  natives  and  also  commercial  difficulties  encountered. 
His  talk  was  thoroughly  enjoyed  by  all  present. 

S.  H.  Stupakoff,  Jr.,  Secretory. 

MINING  SOCIETT  AT  THE  MASSACHUSETTS  INSTXTUTE  OF 

TECHNOLOGY 

The  officers  of  the  Mining  Society  at  the  Massachusetts  Institute  of 
Technology  are:  A.  A.  Brown,  president;  V.  E.  Stevenson,  vice-president; 
J.  P.  Grilli,  treasurer;  R.  C.  Johnson,  secretary. 


BANQUET  ADDRESSES  BY  PRESIDENTS  DOWLING  AND 

JENNINGS* 

PRESIDENT  DOWLmG*St  ADDRESS 

I  feel  that  it  is  a  great  honor  to  be  invited  to  reply  to  this  toast  on 
behalf  of  the  Canadian  Mining  Institute.     I  wish  to  thank  you  for  your 
very  cordial  reception  of  the  toast  and  for  the  sentiments  expressed  in 
your  invitation  to  the  Institute  to  cooperate  in  a  series  of  joint  meetings. 
It  is  an  earnest  of  the  mutual  regard  which  the  peoples  of  the  two  countries 
have  for  each  other.    We  have  been  allies  in  a  very  great  war  and  the 
feelings  of  good-will  engendered  by  that  alliance  will  survive,  I  believe, 
through  the  strenuous  times  of  peace.    The  other  nations  of  the  alliance 
had  through  many  changes  in  history,  fought  each  other  and  for  each 
other  and  had  thereby  gained  a  clear  conception  of  the  social  aims  and 
moral  character  of  their  peoples.     With  this  knowledge  came  mutual 
trust — the  one  element  necessary  for  united  action  or  lasting  agreement. 
On  this  continent  the  two  peoples  are  drawn  together  by  bonds  of  a  com- 
mon origin  and,  largely,  a  common  language.    No  war  has  been  necesary 
to  force  declarations  of  national  aims  on  which  to  base  terms  of  amity. 
And  now  our  peoples  who  had  studied  the  arts  of  peace  together  have 
together  passed  through  fire — drawn  into  the  conflict  by  a  like  horror 
at  the  sacrilege  of  the  crucifixion  of  the  rights  of  humanity.    Their 
courage  and  manhood  has  been  tested  at  Ypres  and  Chateau  Thiery  by 
the  great  assayer  war,  and,  together,  with  thankful  hearts  we  see  the 
triumph  of  right  over  might  and  better  than  ever  know  that  we  have  the 
same  conception  of  the  government  of  the  people  for  the  people. 

We  are  met  to  celebrate  the  close  of  the  association  of  our  brethren 
at  the  front  in  the  fight  for  freedom  for  the  world — a  freedom  that  to  us 
S3ems  natural  but  which  to  the  majority  of  the  allied  nations  is  a  heritage 
derived  from  the  protest  made  by  the  American  colonies  against  German 
ideas  of  government  of  which  remnants  had  until  then  survived  in  Great 
Britain. 

*  Addresses  delivered  at  the  annual  banquet,  Hotel  Biltmore,  Feb.  19,  1919i 
t  President  of  the. Canadian^ Mining  Institute. 
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The  common  heritage  of  freedom  enjoyed  by  the  many  units  of  the 
present  British  Empire  proved  to  be  a  bond  which,  although  almost 
invisible  to  German  perception,  was  of  the  strongest  fiber.  The  act  of 
ofifering  help  to  the  motherland  brought  to  us  the  realization  that  as  a 
people  we  were  assuming  the  responsibilities  of  a  nation  and  it  is  this 
realixation  which  fills  us  with  a  modest  pride  when  as  members  of  a  new 
.  nation  within  the  Empire  we  are  invited  to  codperate  in  your  deliberations. 
We  in  return  offer  the  hospitality  of  the  Lady  of  the  Snows  at  our 
Montreal  meeting  and  let  me  assure  you  that  the  reception  will  be  one 
that  will  indicate  the  beating  of  a  warm  heart.  Our  people  are  essentially 
homemakers,  our  industry  is  largely  agricultural,  but  our  problems  in 
mining  and  metallurgy,  while  not  on  a  grand  scale,  are  interesting.  We 
hope  to  discuss  regions  of  greatly  varying  topography  and  climate.  Those 
of  you  who  can  attend,  will  see  views  of  the  Arctic  coast,  of  the  more 
southern  plains  and  mountains,  and — a  theme  that  has  been  of  common 
interest  since  the  days  of  the  first  crusade — views  of  the  last  crusade  to 
the  Holy  Land  under  General  Allenby.  For  our  own  people  whose 
hearts  are  still  with  the  boys  at  the  front,  we  shall  have  the  War  Records 
pictures  of  the  last  days  of  the  war  with  the  Canadians  at  the  taking  of 
Mons.  This  city,  it  will  be  remembered,  was  the  point  at  which  the 
first  British  Army,  the  ^'Contemptibles,''  took  their  bulldog  grip  on  the 
German  legions. 

Again,  Mr.  Chairman,  may  I  in  closing  tender  on  behalf  of  the  Cana- 
dian Mining  Institute  our  greetings  and  our  wish  for  continued  cordial 
relations  and  a  mutual  prosperity. 

PRESIDENT  JENNINGS'*  ADDRESS 

It  is  with  a  very  special  sense  of  pride  and  gratification  that  I  am 
able  to  extend  to  the  Canadian  Mining  Institute  a  welcome  on  behalf 
of  the  American  Institute  of  Mining  and  Metallurgical  Engineers.  Last 
October,  we  were  lured  to  Colorado  by  the  tales  of  its  wonderful  climate 
— where  it  only  rained  once  in  6  months.  We  were  in  Colorado  Springs 
four  days  and  took  away  with  us  all  their  bad  weather  for  the  next  2 
years;  but  we  also  took  away  with  us  memories  of  a  warm  and  enduring 
hospitality  that  more  than  made  up  for  the  rainy  weather.  At  that 
time,  I  invited  all  our  western  members  to  this  meeting  but  pointed  out 
to  them  that  New  York  had  the  second  worst  climate  in  the  United  States. 
New  York,  the  superb,  has  extended  its  all-embracing  arms  in  a  most 
hearty  welcome  and  has  shown  by  the  bright  sunshine  obtaining  during 
this  meeting  that  I  had  maligned  her  climate  A  New  Yorker,  when  he 
is  not  a  Southerner,  is  a  New  Englander,  who  has  gone  west  and  come 
back  to  New  York.  We  can  under  this  definition  all  claim  to  be  New 
Yorkers. 

I  am  not  going  to  take  up  in  detail  the  reports  of  our  Secretary  and 
Treasurer,  wluch  give  you  a  full  account  of  the  work  of  our  Institute. 

I  want  to  draw  your  attention  to  the  numbers  of  your  membership, 

which  now  amounts  to,  I  think,  7300,  a  greater  membership  than  ever 

recorded  in  our  history.    I  estimate,  however,  that  there  are  at  least 

14,000  people  in  the  United  States  who  as  members,  associates,  or  junior 

associates,  should  belong  to  our  Institute.    That  is  a  figure  that  we 

should  set  as  a  mark  and  not  rest  content  until  it  is  achieved.    With 

*  President  of  the  American  Institute  of  Mining  and  Metallurgical  Engineers  for 
the  year  1918-19. 
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the  increase  in  membership,  the  capacity  of  the  Institute  to  serve  its 
members  will  be  correspondin^y  increased. 

As  far  as  the  financial  condition  is  concerned,  I  shall  only  say  that 
we  are  solvent.  This  is  due,  in  large  measure,  to  the  generosity  of  one 
of  our  Directors  who,  when  it  looked  as  if  we  would  not  be  able  to  carry 
out  bur  plan  of  remitting  the  dues  of  our  members  in  active  service, 
made  a  large  donation,  which  enabled  us  to  close  the  year  with  a  balance 
on  the  right  side.  Our  bud^t  for  the  coming  year  has  been  conserva- 
tively planned  and  our  Activities  will  be  confined  to  our  resources. 

The  work  of  our  members  as  individuals  and  the  Institute  as  a  whole 
has  contributed  to  help  win  the  war.  The  service  flag  opposite  me  shows 
that  845  members  wear  the  uniform  of  the  United  States  and  the  Allies; 
twenty-three  are  known  to  have  paid  the  supreme  sacrifice.  Although 
exact  details  are  not  obtainable,  enough  is  known  to  be  able  to  state 
that  there  are  many  others.  When  details  are  obtainable. their  names 
and  records  will  be  published  in  the  BvUeiin. 

During  the  past  year  I  paid  a  visit  to  six  of  our  Local  Sections,  o( 
which  there  are  now  fifteen.  Our  Secretary  and  our  First  Vice-president, 
Mr.  Goodale  visited  several  others.  The  ferment  that  is  stirring  all 
hearts  and  minds  is  strongly  operating  among  the  engineers.  TUs  is 
natural  as  Major  Yerkes  has  shown  us  that  in  the  Army,  representing  all 
classes  of  the  community,  the  engineers  were  shown  to  be  the  most 
mentally  alert  and  intelligent.  I  found  in  many  States  a  movement  to 
found  State  Engineering  Societies,  on  the  order  of  trade  unions,  with  the 
idea  of  obtaining  legislation  to  license  engineers  to  increase  the  emolu- 
ments of  the  younger  men  in  the  profession  and  to  give  the  engineer 
more  prominence  in  the  community  as  a  man  and  as  a  citizen.  While  I 
am  heartily  in  sympathy  with  the  last  two  objects,  it  does  not  seem  to 
me  that  the  engineers  interested  are  using  the  right  way  to  achieve 
these  objects.  The  Engineering  Council,  which  represents  the  four 
national  Engineering  Societies  in  matters^  that  concern  the  relationship 
of  the  engineer  and  the  public,  is  the  proper  body  to  take  up  these  ques- 
tions and  has  here  a  great  opportunity,  which  it  should  utilise  to  the  full. 

In  this  review  of  the  year's  accomplishments,  I  want  to  give  full 
value  to  the  devoted  work  of  our  Secretary.  Presidents  come  and  go  and 
are  more  or  less  figureheads,  but  the  brains,  initiative,  and  energy  that 
keep  our  Institute  thriving  are  supplied  by  our  Secretary. 

The  coming  year  is  full  of  promise.  With  the  change  of  name,  the 
activities  of  a  large  and  increasingly  important  part  of  your  membership 
has  been  recognized.  It  i»  hoped  that  those  who  previously  were  un- 
willing to  call  themselves  mining  engineers  will  find  themselves  attracted 
to  that  scientific  society  that  not  only  provides  them  vnth  the  class  of 
papers  they  are  interested  in  discussing  but  also  recognises  them  in  its 
name. 

Under  the  strong  and  skillful  guidance  of  our  new  President,  aided  by 
an  interested  board  of  Directors,  a  devoted  Secretary  and  a  loyal  member- 
ship, the  American  Institute  of  Mining  and  Metallurgical  Engineers  will 
increase  in  numbers  and  renown. 

At  these  last  sessions  we  have  had  many  papers  concerned  with  what 
I  call  "human  engineering.''  Many  visions  dependent  for  their  beauty 
on  the  perfectibility  of  human  nature,  in  which  I  ardently  believe,  have 
been  described  in  words.  May  at  least  some  of  them  be  realised  during 
the  coming  year  in  deeds. 
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ATTENDANCB  AT  THE  NEW  TORK  MEETING 

For  the  first  time,  the  attendance  at  the  meetings  of  the  Institute 
passed  the  thousand  mark;  as  is  shown  by  the  following  table: 


Rbois- 

TSSSD 

Men 703 

*  Women 195 


At  Bamqttbt  Did 
Not  RsoiarxK 

76 

61 


Total 

806 
256 

1062 


The  names  of  the  members  and  guests  who  registered  or  attended  the 
banquet  but  did  not  register  are: 


A 

C.  A.  Adams 
Tho6.  J.  Adams 
Lawrence  Addioks   * 
H.  T.  Abrams 

G.  Aertsen 

M.  M.  Albertson 

James  Aldrich 

D.  C.  Alexander,  Jr. 
W.  H.  Alexander 

A  W.  Allen 

F.  D.  Aller 

R.  H.  Allport 

F.  C.  Alsdorf 

Capt.  M.  Altmayer 

A.  W.  Ambrose 

Henry  M.  Ami 

F.  L.  Antisell 

R.  a  Archer 

Paul  Armitage 

Andrew  B.  Armstrong 

Clifton  T.  Armstrong 

Ralph  Arnold 

R.  M.  At  water,  Jr. 

Joseph  £.  Aue 

A.  M.  Austin 

W.  S.  Ayres 

B 

• 

George  H.  Bailey 
T.  F.  Baily 
H.  Foster  Bain 
a  H.  Ball 
J.  I.  Banash 
Wilbur  Vick  Banister 
Percy  E.  Barbour 
George  D.  Barron 
J.  B.  Barragwaneth 
Charles  H.  Bartlett 
G.  P.  Bartholomew 
Georae  G.  Bassett 
D.  M.  Barringer 
W.  H.  Bassett 
Lt.  £L  Barmore 
Edson  S.  Bastin 
Mowry  Bates 
Alan  M.  Bateman 
A.  J.  BeaUy 
A.  B.  Beaver 
Wesley  J.  Beck 
R.  £.  Bedworth 


A«  \j%  Beers 

Hans  Behr 

Edgar  G.  Bell 

Donald  A.  a  Bell 

W.  de  LeBenedict  ' 

G.  B.  BerteUi 

Charles  P.  Berkey 

Clinton  Bernard 

W.  N.  Best 

Robert  M.  Betts 

Christopher  H.  Bierbaum 

Paul  Bulinnley 

R.  A.  Bingham 

R.  M.  :^ 

John  L.  W.  Birkinbine 

G.  a  Bisey 

Charles  W.  Boise 

J.  J.  Blackmore 

A.  E.  Blackwood 

Capt.  C.  K  Blatchly 

E.  I4.  Blossom 

C.  A.  Bohn 

James  M.  Bonsall 

E.  E.  Boon 

Gail  Borden 

R.  a  Botsford 

John  M.  Boutwell 

William  Spencer  Bowen 

John  Bovd 

Henry  Cf.  Boynton 

Arthur  F.  Braid 

Albert  Brann 

C.  S.  Brainin 

Frank  G.  Breyer 

Sam  D.  Bridge,  Jr. 

Gmham  Brignt 

C.  B.  Bronson 
H.  J.  Brown 
Lowell  H.  Brown 
Thos.  E.  Brown 

D.  G.  Browne 
H.  Y.  Bruddon 
C.  C.  Burger 
P.  Q.  BulUid 

E.  Z.  Bums      fff^ 
John  P.  Burt 
Charles  L.  Bryden 
Arthur  Dudley  Buzby 
Melvin  Brugger 
George  K.  Bur»ess 
Christopher  L.  Bruns 


XIV 
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C.  L.  Bryden 
C.  D.  Burchenal 
Charles  A.  Burdick 
A  H.  BuiToui^,  Jr. 


J.  F.  Callbreath 
William  Campbell 
R.  C.  Canby 

C.  T.  Camahan 
Frank  D.  Carney 
H.  L.  Carr 

A.  W.  Carroll 
F.  E.  Carter 
S.  N.  Castle 
R.  M.  Catlin 
H.  W.  Chadboume 
A.  R.  Chambey 
A.    R.    Chapubers 
H.  M.  Chance 
Maj.  T.  M.  Chance 
M.  Y.  Chang 
J.  Parke  Channing 

D.  £.  Charlton 
Chester  H.  Chatfield 
8.  H.  Chauvenet 
Wm.  R.  Chedsey 
Chimyan^  Chen 
Wans  Chm  Chung 
Gwiluam  H.  Clamer 

F.  E.  Clark 
J.  D.  Clark 

G.  H.  Clevenger 
Wm.  C.  Coffin 
G.  W.  Coggeshall 
W.  B.  Cogswell 
Ernest  H.  A  Cohen 
Clarence  L.  Colbert 
A  L.  Colby. 
Frank  L.  Cole 
Leon  N.  W.  Colin 

F.  N.  Collins 
George  L.  Collord 

G.  F.  Comstock 

E.  F.  Cone 
Eli  T.  Conner 
C.  M.  Conner 
Fred  M.  Conran 
W.  Lorrain  Cook 
G.  G.  Coolidge 
John  H.  Cooper 
L.  D.  Cooper 
M.  D.  Cooper 

S.  H.  Coors 
Frederick  K.  Copeland 
J.  Ross  Corbin 
C.  V.  Corless 
C.  R.  Coming 
W.  M.  Corse 
Eugene  Coste 

F.  G.  Cottrell 
William  A  Coughlan 
William  A.  Cowan 
Alfred  H.  Cowles 
Herbert  B.  Cox 
Donald  K.  Crampton 


H.  M.  Crankahaw 
Harrison  W.  Ciaver 
Barton  Cruikshank 
P.  KCroU 
Robert  H.  Cromwell 
George  C.  Crossley 
John  J.  Crowe 
William  R.  Culver 
W.  L.  Cumings 
James  J.  Curran 

D 

Capt.  E.  O.  Daue 
D.  B.  Daly 
Eugene  H.  Dawson 
W.  W.  Davis 
G.  M.  Davids 
G.  M.  Davidson 
Philip  Davidson 
R.  W.  Deacon 
W.  A  Deane 
W.  V.  De  Camp 
£.  a  Dewey 
Karl  De  Laittre 

B.  W.  De  Long 
S.  L,  F.  Devo 
Theodore  C.  Denis 
Frederic  P.  Dewey 
Walter  S.  Dickson 
G.  G.  Dieffenbach 
Charles  £.  Dinkey 
Joseph  L.  Dixon 
William  Donald 
H.  E.  Dodge 
George  A.  Domin 
J.  V.  N.  Dorr 

G.  H.  Dorr 
Charles  Dorrance 

D.  B.  Dowling 
David  Dows 
Henry  S.  Drinker 
Waldemar  Dyrssen 
George  D.  Dub 

Capt.  Boyd  Dudley,  Jr. 
S.  Dufault 
Ralph  Donald 
P.  H.  Dudley 

E.  DuUeux 

C.  B.  Dunster 
Francis  Bird  Dutton 
Theodore  Dwight 

£ 

H.  Y.  Eagle 
8.  Ford  Eaton 
Howard  N.  Eavenson 
Capt.  H.  W.  Edmondson 
C.  Wesley  Edwards 
George  J.  Sntn 
Cranf ord  ElBott 
W.  Ellis 
K  F.  EUers 
KarlEUecs 
R  H.  Emerson 
N.  H.  Emmons,  2d 
Thomas  M.  Eynon 
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S.  E.  Fairchild,  Jr. 
Paul  V.  Faragher 
C.  Mason  Famham 
L.  D.  Faunce 
F.  W.  Feiker 
Philip  Feldman 
Charles  Ferry 

B.  E.  Field 
Thorold  F.  Field 
W.  H.  Finkeldey 
0.  S.  Finnie 
Henry  S.  Fleming 
Capt.  J.  P.  Fleming 
R.  Fleming 

Alfred  D.  Flinn 
Thomas  C.  Flinn 
0.  F.  Flumerfelt 
T.  J.  Flynn 
Francis  B.  Foley 
George  C.  Foote 
H.  H.  Forbes 
Fedor  F.  Foss 
H.  W.  Fox 
Colin  G.  Fink 
Lewis  W.  Francis 
R.  E.  Frickey 
Lawford  H.  Fry 
T.  S.  Fuller 
Dwight  Fumess 

G 

Paul  W.  Gaebelein 
H.  F.  E.  Gamm 
Herman  Garlichs 

F.  Lynwood  Garrison 
Emil  Gathmann 

W,  B.  Gero 
ThoB.  W.  Gibson 

G.  W.  Gibson 
Philip  L.  Gill 
George  H.  Gilman 
Thomas  Gilmore,  Jr. 
Federico  Giolitti 
George  McM.  Godley 
T.  E.  Godson 

H.  Golden 

C.  W.  Goodale 
L.  H.  Goodwin 
S-  J.  Gormly 
W.  D.  Gordon 
Alexandre  Gouvy 
T.  A,  Cowling 
Capt.  Walter  Graham 
W.  F.  Graham 

L.  C.  Graton 

P.  G.  Grant 

J.  S.  Gravely 

J.  H.  Gray 

H.  Ll  Greene 

Lieut.  Donald  Greenlcaf 

Herbert  C.  Gregory 

John  Griffin 

Si.  L«.  Griggs 

C.  C.  Griggs 

Robert  Grimshaw 


George  G.  Griswold 
Frank  Groch 
Alden  O.  Groflf 
Charles  Grubmeyer 
Justice  F.  Grugan 
E.  L.  Gruver 

H 

A.  M.  Hageman 
A.  W.  Hahn 
Clarence  M.  Haight 
A.  Gage  HaU 
R.  Dawson  Hall 
E.  J.  Hall 
John  H.  Hall 
R.  D.  HaU 
R.  L.  Hallett 
William  Hamilton 
Lafayette  Hanchett 
N.  J.  Hansen 
H.  W.  Hardinge 
Norman  G.  Hardy 
Benjamin  G.  Harmon 
Harry  G.  Harrington 
W.  S.  Harper 
Gilbert  Hart 
Claude  Hartford 
Robert  Harvie 
Henry  E.  Haws 
R  A  Hayward 
Alf .  G.  Heggem 
A.  A.  Heimrod 
Philip  W.  Henry 
J.  B.  F.  Herreshoff 
James  B.  Herreshoff,  Jr. 

E.  G.  Hewlett 
Henry  D.  Hibbard 
W.  R.  Hibbard 
Myron  F.  Hill 
Ralph  T.  Hirsh 

F.  B.  Hitchcock 
H.  M.  Hobart 
R.  E.  Hobart 

A.  S.  Hoffman 
Lieut.  Lloyd  Hoffman 
Ross  B.  Hoffman 

W.  P.  Hoffman 
H.  O.  Hofman 
E.  A.  Holbrook 
Levi  Holbrook 
G.C.  Holder 

G.  S.  Holmquist 
L.  S.  Holstem 

B.  B.  Hood 
W.  E,  Hopper 
Repaid  E.  Hore 
R.  R.  Hornor 

E.  O.  Hovey 
L.  E.  Howard 
H.  M.  Howe 
Raymond  M.  Howe 
Samuel  L.  Hoyt 
D.  RHull 
George  S.  Humphrey 
Alex.  C.  Humphreys 
Louis  D.  Huntoon 
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Robert  Hunh 

J.  P.  Hutchins 

F.  HutchinBon 

W.  Spencer  Hutchinaon 

R.  W.  Hyde 

I 

William 'Morris  Imbrie,  Jr. 
D.  G.  Lrions 
Mr.  Iredell 


Herbert  E.  Jackman 
Luis  Jackson 
A.  H.  Jackson 
Fioyd  D.  James 
A.  H.  Jameson 
William  R.  Jarvis 
Zay  Jeffries 
Charles  V.  Jenkins 
Sidney  J.  Jennings 
J.  E.  Johnson,  Jr. 
Roswell  H.  Johnson 
Jesse  L.  Jones 
Wilber  Judson 


Julius  Kahn 

S.  Kato 

Charles  H.  Keefer 

A.  F.  Keene 
Samuel  M.  Keiper 
Edward  Keller 
Walter  H.  Kelley 
James  F.  Kemp 

D.  J.  Kennedy 
J.  E.  Kennedy 

E.  F.  Kenney 
William  Kent 
Edward  F.  Kern 
John  B.  Kerr 

Z.  Kimura 
H.  Kingsmill 

F.  O.  lOchline 
E.  B.  Kirby 

Walter  P.  Klugescheid 
L  N.  Knapp 

C.  W.  Knij^t 
L.  L.  Knox 
Alexander  Knut 
Arthur  Koenig 

B.  Koleroff 

John  A.  Korsovkeen 
Paul  Kovaloff 
Theodore  Krempabery 
L.  J.  Krom 
P.  Kraft,  Jr. 
Henry  Krumb 
George  F.  Kunz 
George  J.  Kwasha 

L 

D.  B.  Lake 
Thomas  Lamb 
W.  H.  Lanagan 
R.  R.  Landon 


W.  H.  Landers 
J.  S.  Lane 

A.  J.  Lansa 
Thomas  R.  Lawson 

B.  B.  Lawrence 
Clement  LeBoutillier 
Albert  R.  Ledoux 

H.  A.  Levey 

S.  LeFevre 

J.  Volny  Lewis 

Robert  Linton 

Capt.  Donald  M.  Liddell 

John  W.  lieb 

John  Orth  liebig 

J.  M.  LilUgren 

T.  H.  ligeett 

L.  B.  Lindemuth 

W.  Lindgren 

Charles  Lindmueller 

William  J.  linn 

Clarence  P.  Lonville 

James  E.  Little 

James  M.  little 

R.  L.  Lloyd 

Robert  T.  E.  Lozier 

A.  F.  Lucas 
Edwin  lAidlow 
Dorsey  A.  Lyon 

M 

D.  S.  McAfee 
Paul  McAllister 
J.  F.  McClelland 
K.  W.  McComas 
R.  E.  McConnell 
W.  E.  McCourt 

E.  P.  McCroricen 

C.  A.  McCune 

J.  Spotts  McDowell 
C.  H.  McDowell 
R  J.  McDonnell 
P.  W.  McDonnell 
J.  B.  McGraw 
P.  M.  McHugh 
John  Stuart  McKaig 
Robert  J.  McKay 

B.  E.  McKechnie 
W.  B.  McKinlay 
P.  E.  McKinney 
A.  H.  MoLane 
Donald  H.  McLaughlin 
A.  McLaren 

W.  D.  McMiUan 
John  McLeish 
W.  C.  Phalen 

C.  E.  McQuigg 
P.  G.  Mc  Vetty 
A.  S.  MacDowell 
Charles  H.  MacDowell 
Van  H.  Manning 

A.  D.  Marriott 
C.  W.  Marsh 
H.  Martin 
H.  K.  Masters 
Francis  Mataoredona 
J.  A.  Mathews 
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C.  H.  MathewBon 

E.  P.  Mathewson 

A.  B.  Maxwell 

Lucius  W.  Mayer 

E.  a.  Mavnard 

A.  Chas.  Meagher 

H.  A.  Megzaw 

Carl  A.  Meiasner 

Charles  R.  Meissner 

Samuel  Melitzer 

M.  H.  Melin 

Paul  D.  Merica 

A.  W.  Merrick 

Alden  Merrill 

Mansfield  Merriman 

T.  C.  Merriman 

Hubert  Merryweather 

Joseph  A.  Meyerovitch 

Benjamin  L.  Miller 

£.  T.  Miller 

Rudolph  P.  Miller 

S.  W.  MUler 

W.  B.  MiUer 

Willet  G.  Miller 
.  William  Millward 

Alexander  Milyko 

W.  G.  Mitchell 

Mavnard  Misel 
Richard  Moldenke 
Claude  D.  Moll 
J.  C.  Montgomery 
J-  F.  Mooney 
Edward  T.  Morris 
H.  F.  Moore 
Philip  N.  Moore 
BL  Cf.  Morris 
James  G.  Morrow 
H.  C  Morse 
BL  Mortimer-Lamb 
P.  A.  Mosman 
Ichiro  Murai 

N 

lieut.  H.  G.  Neal 
Arnold  Neilsen 
John  H.  Nelson 
A.  Neustaedter 

C.  Seymour  Newcombe 

D.  H.  Newland 
£dmund  Newton 
J.  C.  Nicholls 
Arvid  £.  Nissen 
R.  V.  Norris 

W.  H.  Norrington 
K  G.  Norton 

O 

John  H.  O'Brien 
Herbert  G.  Officer 
£.  £.  Olcott 
Louis  W.  Olson 
F.  N.  O'NeU 
George  A.  Orrok 
F.  W-  Osbom 
Mariano  Osmena 
V.  K.  Ottobre 


L.  S.  Panvity 

D.  J.  Parker 

E.  W.  Parker 

J.  Heber  Parker 
Howard  0.  Parmelee 
W.  F.  C.  Ptasons 
Morris  Pastconak 
N.  K.  B.  Patch 
S.  B.  Patterson,  Jr. 
R.  L.  Pattinson 
Capt.  T.  A.  Patton 
J.  W.  Paul 
R.  B.  Paul 
W.  H  Paul 
C.  G.  Peattie 
Edmimd  0.  Pechin 
C.  Lee  Peck 
Robert  Peele 
W.  C.  Peterson 
Arthur  Phillips 
Charles  C.  Phelps 
George  H.  Phelps 
H.  M.  Pier 

F.  O.  Pierce 

J.  C.  Pickering 
S.  H.  Pitkin 
Norman  B.  Pilling 
George  Prochaska 
Wm.  B.  Price 
J.  H.  Polhemis 
W.  T.  Price 
R.  Porter 
Table  Press 
Francis  R.  Pyne 
J.  N.  Pyster 

R 

W.  C.  Ralston 
Charles  F.  Rand 
Howard  Rand 
Henry  Rawdon    • 
R.  M.  Raymond 
W.  W.  Raymond 
Capt.  J.  Bums  Read 
T.  H.  Rea 
Thomas  T.  Read 
R.  E.  Reed 
David  B.  Reger 
Edwin  S.Rekl 
W.  L.  Remick 
M.  L.  Requa 
J.  V.  W.  Reynders 
J.  Edgar  Rhoads 
Jos.  W.  Richards 
Robert  H  Richards 
T.  A.  Ri<^ard 
F.  E.  Ricketts 
Guy  C.  Riddell 
J.  B.  Riefkin 
Edward  J.  Rigbv 
Major  George  C;.  Riley 
Jas.  J.  Rilev 
C.  R.  Rinehart 
Harold  J.  Roast 
R.  T.  Roberts 
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Thomas  Robins 
Burr  A.  Robinson 
W.  F.  Rochow 
George  B.  Rodgers 
Keith  R.  Rodney 
Allen  H.  Rogers 
E.  M.  Rogers 
John  Ro|»r 
Gabriel  £.  Rohmer 
Sidney  RoUe 

E.  P.  Ross 
Lewis  G.  Rowand 
H.  H.  Rowatt 

P.  H.  Royster 

F.  T.  Rubidge 
W.  E.  Ruder 
David  B.  Rushmore 
William  Russell 
Forest  Rutherford 
George  M.  Ryall 

C.  F.  W.  Rys 

S 

W.  D.  Sargent 
H.  Satoh 

Walter  M.  SaunderR 
Leslie  Savage 
L.  W.  Schad 
W.  A.  Schlesinger 
Henry  K.  Schoch 
Jesse  Scobey 
Howard  Scott 
S.  Secard 
I.  Schilowsky 
John  M.  Sebenius 
Frederic  G.  Sefing 
William  Seguine,  Jr. 
F,  F.  Sharpless 

E.  W.  Shaw 

F.  M.  Shaw 
H.  A.  Shaw 
William  H.  Shearman 
W.  R.  Shimer 

L.  B.  Shipley 

E.  M.  Shipp 

A.  T.  Shunck 

Elwood  D.  Shuster 

A.  B.  Shutts 

Morris  Siegel 

E.  L.  Sifton 

Alexander  Silverman 

R.  E.  Simpson 

W.  E.  Simpson 

Joseph  T.  Singewald,  Jr. 

J.  A.  Singmaster 

Lt.  W.  IT  W.  Skerrett 

C.  E.  Skinner 

E.  N.  Skinner 

S.  Skowronski 

H.  Souder 

Lt.  E.  A.  Slatin 

Arthur  Bessey  Smith 

Veleair  C.  Smith 

William  Allen  Smith 

Henry  B.  Smith 

J.  William  Smith 


C.  R.  Spare 

Chas.  S.  Speigelbeiig 
F.  N.  ^ller 
Frank  N.  Spencer 
H.  N.  Spioer 
H.  G.  Spilsbury 
E.  G.  Spilsbury 
A.  D.  Sproat 
K.  0.  Stadtmiller 
Mr.  Stadler 
A.  A.  St.  Aubin 
W.  H.  Staver 
Theron  D.  Stay 
L.  D.  SUy 
Lt.  C.  M.  Stebinger 
Eugene  Stebinger 
Paul  Steriing 
Douglas  B.  Sterrett 
A.  A.  Stevenson 

D.  M.  Stevenson 
Leighton  Stewart 
R.  K.  Stockwell 
C.  H.  Stokesbury 
J.  C.  Stoddard 
George  C.  Stone 
Bradley  Stoughton 

E.  S.  Strang 
Fred  Strauss 
L.  B.  Sturgis 
Joseph  Struthers 
Edward  B.  Sturgis 
W.  P.  Sykes 


Yoshiichi  Tado 
M.  Gardner  Talcott 
C.  H.  Taylor 
John  C.  Taylor 
Knox  Taylor 
L.  H.  Taylor,  Jr. 
Roger  Taylor 
S.  A.  Taylor 
Arthur  Thacher 

B.  B.  Thayer 
Kirby  Thomas 
Marion  L.  Thomas 
E.  E.  Thum 
Benjamin  F.  Tillson 
Herbert  A.  Timmons 
William  Essen  Tizard 
S.  Topereff 

Henry  Traphagen 

C.  S.  Trewm 
M.  R.  Trimmer 
Capt.  H.  D.  Trounce 
C.  E.  Trube 

G.  A.  Trube 
'Capt.  W.  J.  Turner 
H.  Tsai 
L.  S.  Twomey 

U 

Joseph  L.  B.  Umpleby 
J.  S.  Unger 
Louis  Unger 
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S.  G.  Valentine 
G.  D.  Van  Arsdale 
Ernest  Vascimimi 

W 

A.  J.  Wadhams 
Leonard  Waldo 
Col.  Waite 
W.  B.  Waldo 
M.  S.  Walker 
Arthur  L.  Walker 
H.  L.  Wallan 
K  A.  Walter 
Dr.  C.  C.  Wang 
Ra3nnond  Walter 
Arthur  T.  Ward 
C.  M.  Warner 
R.  C.  Warriner 
S.  D.  Warriner 
C.  D.  Warriner 
J.  B.  Warriner 
R.  B.  Watson 
W.  Watson 
A.  P.  Watt 

C.  W.  Washboume 
Louis  P.  Webert 
William  R.  Webster 
H.  H.  Webb 

F.  R.  Weekes 

D.  A.  Welch 

Major  George  S.  Weinberg 
H.  JL  Welch 

E.  A,  Weinberg 

C.  M.  Weld 

D.  A.  Welet 
EL  W.  Weller 
Howard  P.  Welley 
Carl  A.  Wendell 
Roger  L.  Wensley 
George  C.  Westley 
William  Young  Westervelt 

The  women  who  registered  are 


Mrs.  A.  W.  Allen 
Bessie  M.  AUer 
Mrs.  James  Aldrich 
Mrs.  W.  BL  Aldridge 

B 

Mrs.  J.  S.  Baird 
Mrs.  Percy  E.  Barbour 
Mrs.  George  D.  Barron 
Mrs.  Barragwaneth 
Mrs.  H.  Foster  Bain 
Mrs.  W.  H.  Bassett 
Mrs.  Charles  P.  Berkey 
Mrs.  D.  M.  Beal 
Miss  Alice  Bell 
Miss  Edith  Benjamin 
Mrs.  W.  A  Best 
Miss  Hazel  Brunner 
Mrs.  Ed.  L.  Blossom 
Mrs.  Arthur  F.  Braid 


F.  A  Weymouth 
H.  H.  Whitcomb 
W.  DeWhyte 
Major  A  E.  White 
Lowe  Whiting 
David  White 
Alfred  R  Whitman 
H.  L.  Whittemore 
M.  A.  Whiting 
Major  L.  W.  Wickes 
M.  BL  Wickhorst 
Raymond  S.  Wile 
William  H.  Wiley 
R.  D.  Willets 

E.  J.  Will 

C.  E.  WilUams 
David  Williams 

F.  P.  WilUams 

G.  E.  Williams 
Fred  L.  Wolf 
J.  D.  Wolfe 
H.  C.  Wilmot 
H  M.  Wilson 
Horace  V.  Winchell 
A.  K.  Wood 

Capt.  Harold  F.  Wood 
Henry  E.  Wood 
T.  S.  Woodward 
Felix  E.  Wormser 
William  L.  Wotherspoon 
Jos.  Writer 
R  B.  Wurlitzer 
Henry  Wysor 
D.  C.  Wysor 
R.  J.  Wysor 


Masayoshi  Yano 
Robert  M.  Yerkes 
George  J.  Young 
Pope  Yeatman 
James  M.  Zilboorg 


Mrs.  S.  H.  Ball 
Mrs.  C.  L.  Bryden 
Mrs.  BuUard 
Mrs.  Boyd 
Mrs.  L  E.  Burdick 
Mrs.  Burger 
Miss  L.  Bridge 

C 

Mrs.  Herbert  Cox 
Mrs.  R  M.  Catlin 
Miss  Catlin 
Miss  Catlin 
Mrs.  A.  R.  Chambers 
Mrs.  C.  M.  Conner 
Mrs.  W.  E.  Carroll 
Mrs.  A.  W.  Carroll 
Miss  Conner 
Mrs.  W.  C.  CofiF 
Mrs.  F.  G.  Cottrell 
Mrs.  F.  D.  Carney 
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Mrs.  Alfred  H.  Cowles 
Mrs.  M.  £.  DeCamp 
Mrs.  H.  W.  Cnmshaw 
Mrs.  A.  H.  Gatlin 
Mrs.  J.  C.  Ck>iiway 
Mrs.  William  Campbell 
Miss  Vininia  R.  Cnauvenet 
Mrs.  A.  C.  Chenoweth 
Mrs.  W.  C.  Coffin 
Miss  Mary  Coffin 
Mrs.  Ernest  H.  A.  Cohen 
Mrs.  J.  H.  Cooper 
Mrs.  M.  D.  Cooper 
Mrs.  Wm.  A.  Cowan 
Mrs.  W.  L.  Cumings 

D 

Mrs.  R.  W.  Deacon 
Mrs.  G.  M.  Davidson 
Mrs.  Lewis  K.  Davis 
Mrs.  H.  S.  Drinker 
Miss  Antoinete  N.  Dorr 
Mrs.  H.  E.  Dodse 
Mrs.  D.  B.  Dowung 
Mrs.  Francis  Bird  Dution 
Mrs.  Boyd  Dudley,  Jr. 

£ 

Mrs.  Emerson 
Mrs.  M.  L.  Edmundson 
Mrs.  Thomas  Eynon 
Miss  E.  Gunner 
Mrs.  H.  L.  Ellinwood 
Miss  L:  Erskine 
Miss  Eilers 
Mrs.  K  Eilers 


Miss  Frances  G.  Fulton 
Mrs.  Fedor  F.  Foss 
Mrs.  Colih  G.  Fink 
Mrs.  O.  S.  Finnic 
Mrs.  Thomas  C.  Flinn 
Mrs.  H.  H.  Forbes 

G 

Mrs.  H.  Garlichs 
Mrs.  J.  Grugan 
Miss  Maria  Luisa  Giolitti 
Mrs.  Giolitti 
Miss  E.  B.  Godson 
Mrs.  L.  H.  Goodwin 
Mrs.  C.  C.  Griggs 
Mrs.  L.  C.  Graton 
Mrs.  E.  L.  Gruver 
Miss  Green 

H 

• 

Mrs.  J.  P.  Hutchins 
Mrs.  R.  E.  Hobart 
Mrs.  Henry  D.  Hibbard 
Mrs.  Phillip  W.  Henry 
Mrs.  C.  B.  Hickok 
Mrs.  C.  M.  Haight 
Mrs.  B.  B.  Hood 
Mrs.  Agnes  B.  Hoffman 


Mrs.  W.  P.  Hoffman 
Mrs.  K.  Hoffman 
Mrs.  C.  F.  Hoffman 
Mrs.  George  S.  Humphrey 
Mrs.  Lafayette  Hancnett 
Miss  Helen  Hanchett 
Miss  Jane  Hyde 
Mrs.  Hyde 
Miss  L.  Hyde 
Mrs.  R.  L.  Haliett 
Mrs.  Benjamin  G.  Harmon 
Mrs.  A.  G.  Heggem 
Mrs.  H.  M.  Howe 
Mrs.  L.  D.  Huntoon 
Mrs.  L.  Holbrook 


Mrs.  Axel  O.  Ihlseng 
Miss  Olga  Ihlseng 


Mrs.  Zav  Jeffries 
Mrs.  Sidney  J.  Jennings 
Miss  Amy  Sidney  Jennings 
Miss  Marv  A.  Jennings 
Mrs.  C.  v.  Jenkins 
Mrs.  J.  B.  Herreshoff,  Jr. 
Mrs.  J.  E.  Johnson 
Mrs.  W.  Judson 
Mrs.  Jackson 
Mrs.  J.  E.  Jones 

K 

Mrs.  L.  L.  Knox 
Mrs.  Henry  Krumb 
Mrs.  J.  F.  Kemp 
Miss  Kemp 
Mrs.  P.  M.  Kenney 
Mrs.  Kiiigsmill 
Mrs.  E.  Koenig 
Mrs.  P.  Kraft,  Jr. 
Mrs.  KeUy 
Miss  Bessie  H.  Kunz 
Mrs.  A  F.  Keene 
Mrs.  F.  O.  Kichline 


Mrs.  D.  M.  LiddeU 
Mrs.  T.  H.  Ldfisett 
Mrs.  J.  E.  litUe 
Miss  Leach 
Mrs.  B.  B.  Lawrence 
Miss  Lawrence 
Mrs.  Edwin  Ludlow 
Mrs.  A.  C.  Ludlum 
Mrs.  Mark  R.  Lamb 
Miss  Virdnia  Lamb 
Mrs.  W.  H.  Landers 

M 

Mrs.  R.  E.  McConnell 
Mrs.  P.  McDonnell 
Mrs.  P.  E.  McKinney 
Mrs.  D.  S.  McAfee 
Mrs.  J.  C.  McGiU 
Mrs.  W.  D.  McMillan 
Mrs.  A  McLaran 
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Mrs.  J.  A.  Mathews 
Mrs.  E.  P.  Mathewson 
Mrs.  W.  Mein 
Miss  Carroll  Macv 
Mrs.  Richard  Moidenke 
Mrs.  T.  H.  Marquis 
Mrs.  H.  Marsh 
Mrs.  L.  W.  Mayer 
Mrs.  T.  C.  Merriman 
Mrs.  Morey 
Mrs.  H.  C.  Morris 
MtBS  E.  £.  Morse 
Mre.  W.  D.  McMiUan 
Mrs.  H.  K.  Masters 
Mrs.  J.  A.  Meyerovitch 
Mrs.  L.  Morsanroth 
Mrs.  A.  C.  Meagher 
Mrs.  Verae  Minich 

N 

Mrs.  Newcomb 
Mrs.  D.  H.  Newland 
Mrs.  Neustaedter 
Miss  Neustaedter 
Mrs.  H.  C.  Neal 

O 
Mrs.  Louis  W.  Olson 


Mrs.  P.  W.  Pahner 
Mrs.  H.  C.  Porrior 
Mrs.  Hugh  Park 
Mrs.  E.  H.  Parker 
Mrs.  J.  H.  Polhemis 
Mrs.  J.  C.  Pickering 
Mrs.  H.  C.  Parmelee 
Mrs.  W.  F.  C.  Parsons 
Mrs.  R.  L.  Pattinson 
Mrs.  8.  H.  Pa^e 
Mrs.  Wm.  B.  Price 
Miss  Lillian  Pursell 
Mias  Alice  Putman 


Mrs.  T.  H.  Rea 
Mrs.  R.  £.  Read 
Mrs.  R.  M.  Raymond 
Mrs.  L.  G.  Rowand 
Mrs.  P.  Rovaloff 
Mrs.  E.  P.  Ross 
Mias  Manr  Rogers 
Mrs.  G.  C.  Riddell 
Mrs.  B.  A.  Robinson 
Mrs.  J.  W.  Richards 
Mrs.  David  B.  Reger 
Mrs.  G.  B.  Rodffers 
Mrs.  Sidney  RoUe 
Mrs.  Alien  H.  Rogers 


Mrs.  George  M.  Ryall 
Mrs.  R  H.  Richards 
Mrs.  T.  T.  Read 
Mrs.  J.  V.  W.  Reynders 
Mrs.  Gabriel  E.  Rohmer 
Mrs.  Thomas  Robins 

8 
Mrs.  C.  H.  Stokesbury 
Mrs.  Smith 
Mrs.  Leighton  Stewart 
Mrs.  W.  H.  Staun 
Miss  Struthers 
Mrs.  E.  T.  Struthers 
Mrs.  L.  B.  Sturges 
Mrs.  F.  N.  Speller 
Mrs.  H.  N.  Spicer 
Mrs.  Harrison  Souder 
Mrs.  Emmett  Smith 
Mrs.  Jesse  Merrick  Smith 
Mrs.  H.  G.  Spilsbury 
Mrs.  Jesse  Scobey 
Mrs.  Paul  Sterling 
Mrs.  Stone 
Mrs.  Stadler 
Mrs.  R  K.  Stockwell  - 
Miss  B.  Spilsbury 
Miss  W.  Smith 
Mrs.  F.  F.  Sharplees 
Mrs.  E.  M.  Shipp 
Mrs.  W.  R.  Shimer 
Mrs.  Frank  Stanfield 


Mrs.  John  C.  Taylor 
Mrs.  B.  F.  Tillson 
Miss  Louise  Talbot 
Mrs.  M.  L.  Thomas 
Mrs.  H.  D.  Trounce 


Mrs.  George  Vitz 

W 

Mrs.  Leonard  Waldo 
Miss  Ruth  M.  Waldo 
Mrs.  C.  D.  Warriner 
Mrs.  P.  0.  Warriner 
Mrs.  J.  B.  Warriner 
Mrs.  C.  M.  Warner 
Mrs.  R.  B.  Watson 
Mrs.  W.  Watson 
Mrs.  Waite 
Mrs.  F.  R.  Weeks 
Mrs.  George  S.  Weinberg 
Mrs.  L.  W.  Wickes 
Mrs.  H.  V.  Winchell 
Mrs.  Wm.  Y.  Westervelt 
Mrs.  B.  Wolfe 
Mrs.  R.  J.  Wysor 
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WORK  OF  NATIONAL  SERVICB  COMMITTEE 

On  Jan.  1,  the  office  of  the  National  Service  Committee  was  estab- 
lished at  502  McLachleu  Building,  Washington,  D.  C.  The  first  work 
was  to  review  current  legislative  information,  which  is  being  continued 
and  good  results  are  accomplished.  T^henever  matters  of  importance 
appear  in  the  Congressional  Record,  notice  thereof  with  such  documents 
as  are  germane  are  forwarded  to  the  members  of  the  committee  for  their 
information  and  advice.  The  first  formal  report  of  the  chairman  was 
on  the  so-called  Smith-Howard  bill  to  secure  Federal  endowment  for  the 
establishment  of  engineering  research. 

The  chairman  of  the  Conmiittee,  at  the  request  of  the  Executive  Com- 
mittee of  the  Engineering  Council,  appeared  before  the  Senate  Conunittee 
on  Education  and  Labor  for  the  purpose  of  opposing  those  features  of  the 
so-called  Kenyon  bill  which  would  create  a  practically  permanent  com- 
mission dominated  by  the  Engineering  Corps  of  the  Army  over  all 
Federal  engineering  projects  as  well  as  state  and  municipal  projects 
receiving  Federal  aid. 

The  greater  part  of  the  time  has  been  expended  in  correspondence 
and  consultation  on  the  matter  of  the  establishment  of  a  Department  of 
Public  Works.  The  results  of  this  work  lead  to  the  beUef  that  there  is  much 
promise  of  the  establishing  of  such  a  department  by  the  66th  Congress 
if  all  members  of  engineering  societies,  as  well  as  the  societies  themselves, 
will  unanimously  agree  on  and  support  a  measure,  and  in  order  to  secure 
such  unanimous  support,  it  will  b^  advisable  to  call  a  conference  of  engi- 
neering societies. 


DIED  IN  SERVICE 

Bailey,  Lewis  Newton,  Master  Engineer,  Senior  Grade,  4th  Regiment, 
U.  S.  Engineers,  Headquarters  Company,  died  of  pneumonia  at  Camp 
Merritt,  N.  J.,  on  Apr.  30,  1918. 

Baird,  Louis,  Lieut.,  Royal  Field  Artillery,  British  Army,  died  on  the 
battlefield  in  1916. 

Ballamy,  John  H.,  Capt.,  103d  Engineers,  killed  in  action  near  Fismes, 
Aug.  9,  1918. 

Bowles,  Martin  F.,  2d  Lieut.,  Co.  B.,  355th  Infantry,  killed  in  action, 
Sept.  3,  1918. 

Burt,  Andrew,  died  in  active  service,  1916. 

Carlisle,  Stanley  B.,  Machine  Gun  Battalion  346,  91st  Division, 
U.  S.  A.,  died  in  France  on  Oct.  24,  of  pneumonia. 

Cobeldick,  William  Morley,  Royal  Engineers,  died  from  gas  poison- 
ing on  Oct.  7,  1915. 

Dougidl,  Ralph,  4th  University  Co.,  Princess  Patricia  Regio^cnt, 
killed  in  action  early  in  the  war. 

Evans,  Alfred  Winter,  Lieut.-Col.,  New  Zealand  Rifle  Brigade,  D. 
S.  O.,  D.  C.  M.,  killed  in  action  on  Oct.  12,  1917. 

Gordy,  Sheppard  B.,  died  in  Service,  Oct.  9,  1918. 

Gorman,  Thomas  C,  Lieut.,  Canadian  Engineers,  killed  in  France^ 
Mar.  18,  1918. 

Hague,  William,  1st  Lieut.,  Engineer  Officers'  Reserve  Corps,  died 
in  active  service,  Jan.  1,  1918. 
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Hall,  William  T.,  Capt.,  Royal  Flying  Corps,  killed  in  action,  May 
19, 1917. 

Harbachy  Herbert  Moore,  died  of  pneumonia,  1918,  at  Camp  Meade, 
Md. 

Heine,  Bernhardt  E.,  Lieut.,  Aviation  Service,  died  from  accident  at 
Fort  Sill,  Okla.,  Aug.  10,  1918. 

Irving,  John  Duer,  Capt.,  11th  Engineers,  A.  E.  F.,  died  July  26, 
1918,  while  on  active  service  in  France. 

Lang,  Sidney  A.,  Lieut.,  Canadian  Engineers,  died  Oct.  6,  1918,  of 
influenza,  at  the  Engineers'  Training  Depot,  St.  Johns,  Quebec. 

Ltinn,  Robert,  Jr.,  Battalion  Runner,  16th  Battalion,  Canadian 
Scottish,  killed  in  action,  Oct.  1, 1918. 

Ohnsoig,  Norman  Lloyd,  died  of  pneumonia,  Oct.  11,  1918. 

Perry,  Edward  H.,  1st  Lieut.,  Co.  D,  6th  Regiment  Engineers,  U.  S. 
Expeditionary  Forces,  France,  killed  in  action  on  March  30,  1918. 

Pretyman,  Frank  Remington,  2d  Lieut.,  Royal  Engineers,  killed  in 
action  on  June  17,  1916. 

Reece,  Fred.  B.,  Capt.,  Royal  Engineers,  B.  E.  F.,  232d  Army  Troops 
Co.,  kUled  in  action. 

Ringlund,  Soren,  Medical  Department,  Fort  Logan,  Colo.,  died  sud- 
denly in  camp  on  July  24,  1918. 

Roper,  Geoige,  Jr.,  Lieut.,  Royal  Flying  Corps,  killed  in  aeroplane 
accident  in  England  on  May  25,  1918. 

Smyth,  Raymond  Weir,  died  of  influenza  at  the  Navy  Yard  Hospital, 
League  Island,  Philadelphia,  Sept.  27,  1918. 


UNITED  ENGINBERING  SOCIETY 

The  regular  meeting  of  the  Trustees  of  United  Engineering  Society 
was  called  to  order  at  4  p.  m.  Thursday,  Feb.  27,  1919,  in  the  Board 
Room  of  the  American  Society  of  Civil  Engineers,  Engineering  Societies' 
Building,  New  York.  Minutes  of  a  joint  meeting  of  the  Finance  Com- 
mittee of  United  Engineering  Society  with  finance  committees  of  Founder 
Societies  on  Feb.  14,  were  presented.  The  President  called  attention  to 
actions  relating  to  the  recataloging  of  the  Library  and  the  support  of 
Engineering  Societies  Emplo3rment  Bureau  of  Engineering  Council. 
The  activity  of  the  Employment  Bureau  was  approved  and  support  by 
the  Societies  informally  assured. 

In  response  to  a  communication  from  the  Fifth  Avenue  Association, 
the  Secretary  was  instructed  to  write  favoring  the  continuance  of  the 
daylight  savmg  law. 

As  to  recataloging  of  Engineering  Societies  Library,  it  was  an- 
nounced that  the  Mining,  Mechanical,  and  Electrical  Engineers  had 
voted  appropriations,  as  requested,  and  the  action  of  the  CivU  Engineers 
was  awaited. 

A  list  of  appUcations  for  oflSces  in  Engineering  Societies'  Building, 
revised  to  Feb.  27,  was  read,  showing  requests  for  a  total  of  29  rooms. 
The  President  stated  that  a  decision  must  be  reached  soon  as  to  what 
reply  shaU  be  made  to  these  applications. 

Charles  F.  Scott,  one  of  the  original  trustees,  who  was  present,  re- 
marked upon  the  growth  of  United  Engineering  Society  and  his  satisfac- 
tion at  its  success.  Alfred  D.  Flikn,  Secretary,    . 
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« 

ENGINEERING  SOCIBTIBS  EMPLOYMENT  BUREAU  AIDS 

RETURNED  SOLDIERS 

During  the  past  60  or  90  days,  the  metropolitan  newspapers  have 
published  much  eonceroing  unemployment  throughout  the  nation  and 
the  efforts  of  the  Army  and  various  other  bureaus  for  finding  work  for 
the  returning  soldiers.  The  United  States  Employment  Service  has  2O00 
bureaus  throughout  the  country,  which  Nathan  A.  Smyth,  Assistant 
Federal  Director,  states  have  placed  more  than  2,400,000  persons  in 
employment. 

The  Engineering  Societies  Employment  Bureau,  which,  since  Decem- 
ber, 1918,  has.  been  endeavoring  to  put  all  returning  engineers  in  touch 
with  employers  who  need  efficient  men,  has  produced  results  that  are 
very  gratifying  to  the  Secretaries  of  the  four  Founder  Societies  under 
whose  direct  management  the  Bureau  operates.  During  this  period, 
1615  men  have  registered  at  the  Bureau's  office  in  the  Engineering  Socie 
ties  Building;  not  all  of  these,  however,  are  unemployed.  Many  are  ex- 
army  and  navy  men,  who  in  passing  through  New  York  on  their  way 
home,  look  over  the  field  in  the  hope  of  making  a  change  for  their  own 
benefit  before  returning  to  their  former  positions.  During  this  period, 
427  positions  vacant  have  been  filed,  230  of  which  positions  have  been 
filled  from  the  men  registered.  The  letters  mailed  by  this  Bureau  amount 
to  about  1000  a  month  and  the  number  of  personal  calls  at  the  office, 
1600.  The  lowest  number  of  positions  ffiled  has  been  in  mining,  but  the 
lowest  number  of  registrations  is  also  from  mining  men. 

While  in  February  idleness  throu^out  the  nation  was  increasing  at 
the  rate  of  35,000  a  week,  under  date  of  Mar.  7,  Arthur  Woods,  a  special 
assista.nt  to  Secretary  of  War  Baker,  states  that  there  is  a  material 
improvement  in  the  unemployment  situation  and  that  the  problem  is 
no  longer  a  serious  one.  It  is  recognized  that  the  improvement  wnou^t 
in  each  individual  by  his  military  training  and  experience  has  so  increased 
his  value  that  it  is  not  only  unfair  to  ask  these  men  to  accept  thdr 
old  jobs  at  the  old  wages,  but  it  is  probably  very  unlikely  that  they  will 
be  willing  to  do  so.  This  plain  statement  of  improvement  may  not  carry 
conviction  to  everyone  but  a  concrete  example  will  show  its  validity. 
Take  the  example  of  a  young  man  under  21,  bright  and  intelligent,  with 
only  a  high-school  education  who  was  employed,  before  being  drafted, 
on  purely  manual  labor.  He  shows  up  well  under  military  training  and 
is  made  a  corporal;  he  makes  good  and  is  appointed  a  sergeant;  and 
finally  becomes  top  sergeant,  which  requires  him  in  many  ways  to  handle 
the  entire  company  of  250  men.  The  result  is,  even  if  he  has  not  been 
tried  by  the  fire  of  battle,  he  comes  out  of  the  army  with  a  feeling  pf 
self-confidence  and  capacity  that  was  entirely  lacking  when  he  went  in 
and  he  has  had  actual  experience  in  handling  a  larger  body  of  men  than 
the  average  mine  foreman  at  twice  his  age,  and  he  has  had  twice  the 
average  amount  of  detail  work  to  take  care  of. 

The  same  improvement  is  true  among  the  officers.  The  employer 
is  getting  a  better  man  back  out  of  the  army  than  he  put  in  and  he  should 
be  prepared  t6  pay  for  it  and  criticism  should  not  be  leveled  at  the  men 
'who,  feeling  their  mental  and  physical  improvement,  are  reluctant  to 
return  to  old  and  narrow  lines  of  work. 

It  was  announced,  on  Mar.  8,  that  Major  General  Leonard  Wood  had 
been  relieved  as  Commander  of  the  Centred  Department  of  the  Army  at 
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Camp  Funston,  Kan.,  and  had  accepted  an  appointment  as  a  member 
of  the  executive  committee  of  the  Labor  Bureau  at  Chicago,  which  is  a 
department  of  the  Federal  Employment  Agency  for  returning  soldiers 
and  sailors  to  profitable  employment. 


A.  I.  B.  B.  MIDWINTBR  CONVENTION 

About  1309  members  and  guests  attended  the  Seventh  Annual  Mid- 
winter Convention  of  the  American  Institute  of  Electrical  Engineers, 
which  was  held  in  the  Engineering  Societies'  Building,  New  York,  on 
Feb.  19  to  21.  The  opening  session  was  a  joint  session  with  the  American 
Institute  of  Mining  Engineers,  when  welding  was  discussed.  The  various 
phases  of  standardization  in  engineering  work  were  discussed  by  Presi-^ 
dent  Comfort  A.  Adams  at  th^  Thursday  morning  session.  Thursday 
afternoon  was  spent  in  visiting.  Some  of  the  guests  visited  the  Brooklyn 
Navy  Yards,  where  they  inspected  the  power  plant,  shops,  dry  docks, 
etc. ;  others  visited  the  Bell  System  Laboratories  of  the  Western  Electric 
Co.  The  papers  at  the  various  technical  sessions  provoked  considerable 
discussion. 


COMMISSION  OF  MINING  EXPERTS  TO  VISIT  FRANCE 

AND  BELGIUM 

Secretary  of  the  interior,  Franklin  K.  Lane,  has  appointed  a  com- 
mission of  five  mining  and  metallurgical  experts  from  the  Bureau  of 
Mines  and  the  Geological  Survey  to  visit  Europe  to  observe  and  study 
reconstruction  methods  in  the  devastated  regions  of  France  and  Belgium. 
The  chairman  of  the  commission  is  Dr.  Frederick  G.  Cottrell,  chief 
metallurgist  of  the  Bureau  of  Mines.  The  other  members  are:  George  S. 
Rice,  the  chief  mining  engineer  of  the  same  bureau;  Frank  H.  Probert, 
consulting  engineer  of  the  bureau,  and  professor  of  mining  in  the  Uni- 
versity of  California)  F.  J.  Cameron,  consulting  chemist  of  the  bureau 
and  expert  on  potash  matters;  and  Hoyt  S.  Gale^  of  the  Geological  Sur- 
vey, another  expert  on  potash. 


AMERICAN  WELDING  SOCIETY  AND  BUREAU  OF  WELDING* 

In  opening  the  meeting  I  wish  to  express  my  greatest  pleasure  at  being 
able  to  greet  this  joint  session  of  the  Mining  and  Electrical  Engineers. 
As  engineering  develops,  we  find  that  the  border  lines  between  the  dif- 
ferent branches  of  engineering  become  more  and  more  indistinct;  the 
several  fields  overlap  so  much  that  they  are  three  or  four  layers  deep  in 
places.  It  is  only  an  accident  that  we  couldn't  have  had  the  Mechanical 
Engineers  also  as  a  formal  part  of  this  gathering,  because  they  are  quite 
as'  much  interested  in  this  subject  as  the  Electrical  or  Mining  Engineers. 

A  little  history  may  enlighten  some  of  those  who  have  not  been  close 
to  this  work.    A  year  ago  last  summer,  there  was  brought  to  the  attention 


*  Abstract  of  the  address  of  Prof.  Comfort  A.  Adams,  President  of  the  American 
Institute  of  £lectrical  Engineers,  when  opening  the  joint  session  on  electric  welding, 
Wednesday,  Feb.  19,  1910. 


xxviii  Monthly  Bulletin  No.  148^  Apbil,  1919 

of  the  Standards  Committee  of  the  American  Institute  of  Electrical 
Engineers  the  desirability  of  standardising  welding  apparatus  and  the 
great  possibilities  in  the  application  of  welding  to  shipbuilding.  A  sub- 
committee of  the  Standards  Conmiittee  was  appointed  to  investigate 
these  possibilities. 

Later,  the  support  of  the  Emergency  Fleet  Corpn.  was  obtained  and 
a  nucleus  of  the  Welding  Committee  was  appointed.  This  Committee, 
as  finally  expanded,  involved  approximately  150  of  the  ablest  men  of  the 
country,  not  only  on  the  electrical  but  also  on  the  metallurgical  side. 
The  work  of  the  Committee  expanded  with  its  membership,  until  I  think 
it  is  fair  to  say  that  the  development  in  the  art  during  the  past  year  is 
at  least  equivalent  to  that  of  the  10  years  previous;  for  although  excellent 
work  had  been  done  before,  the  "reason  why''  of  welding  had  never 
been  sifted  out  with  any  degree  of  thoroughness. 

At  the  request  of  the  Emergency  Fleet  Corpn.  a  cast-steel  anchor 
chain  was  developed,  largely  by  and  at  the  expense  of  the  Greneral  Elec- 
tric Co.,  which  proved  vastly  superior  to  the  old  wrought-iron  chain. 
The  test  specifications  for  this  chain  are  40  per  cent,  higher  than  for  the 
old  wrought-iron  chain;  it  is  cheaper  to  manufacture,  and  in  ever>'  way 
superior,  not  only  in  tensile  strength,  but  in  shock  strength.  So  I  feel 
some  little  pride  on  behalf  of  the  Committee,  and  of  those  who  have  given 
so  generously  of  their  time  and  talent  in  connection  with  the  development 
of  this  chain. 

Since  the  truce  was  signed,  the  Emergency  Fleet  Corpn.  has  adopted 
a  policy  of  contraction  and  on  the  last  day  of  January  withdrew  its  sup- 
port from  the  Welding  Committee.  This  welding  work  is  to  be  carried 
on  by  the  American  Welding  Society  and  the  American  Bureau  of  Wdd- 
ing,'  the.  latter  being  a  joint  welding  department  of  every  organization 
in  this  country  that  is  interested  in  that  subject.  The  Board  of  Directors 
of  this  Welding  Bureau  will  have  representatives  from  all  of  the  engineer- 
ing societies,  or  even  industrial  organizations  which  are  interested,  as  well 
as  from  Government  departments. 


INDUSTRIAL  BOARD  OF  DEPARTMENT  OF  COMMERCE 

The  Industrial  Board  of  the  Department  of  Commerce  has  beeii 
formed  under  the  chairmanship  of  George  N.  Peek-,  formerly  vice- 
chairman  of  the  War  Industries  Board.  This  Board  is  to  put  into  practi- 
cal effect  a  program  for  the  readjustment  of  prices  for  basic  materials 
in  such  a  fashion  as  to  create  a  firm  foundation  on  which  the  consumer 
can  base  his  future  purchases,  and  the  producer  can  form  necessary 
estimates.     It  has  the  assistance  of  the  Council  of  National  Defense, 

One  of  the  first  steps  of  the  Board  was  to  call  into  conference  the 
leaders  of  industry.  At  these  conferences  the  general  conditions  of  the 
country  are  carefully  considered  and  an  effort  made  to  determine  and 
understand  the  principles  that  should  be  applied  to  permit  the  successful 
solution  of  the  problem. 

It  will  be  the  endeavor  of  the  Board  to  act  promptly  by  consulting 
and  interchanging  views  with  these  representatives  of  industry  in  the 
fullest  and  freest  manner  possible  with  a  view  to  aiding  and  assisting 
industry  in  general  to  resume  activities  to  the  fullest  practicable  extent. 
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The  immediate  object  is  to  bring  about  such  reduced  prices  as  will  bring 
the  buying  power  of  the  Government,  including  the  raUroads,  telephones, 
and  telegraphs,  into  action  and  make  it  possible  for  the  Government  to 
state  that  it  is  willing  to  be  a  buyer  for  its  needs  at  the  reduced  prices. 
If  these  conferences  result  in  such  an  understanding  on  the  part  of  the 
Government  with  respect  to  the  important  basic  industries  concerning 
proper  prices  and  bases  for  prices  at  which  purchases  may  be  made  by 
it,  and  these  areapproved  by  the  Board,  it  is  believed  that  upon  announce- 
ment thereof  to  the  country  in  general  the  public  will  feel  justified  in 
promptly  beginning  a  program  of  extensive  buying. 

Representatives  of  manufacturers  of  iron  and  steel  from  all  parts  of 
the  country,  at  a  meeting  at  the  Waldorf  on  Mar.  6,  voted  to  cooperate 
with  The  Industrial  Board  of  the  Department  of  Commerce  in  its  efforts 
to  stabilize  business  conditions.  Judge  Elbelt  H.  Gary,  chairman  of  the 
Board  of  the  United  States  Steel  Corpn.,  who  presided,  appointed  the  fol- 
lowing committee  to  confer  with  the  Industrial  Board:  Judge  Elbert  H. 
Gary,  James  A.  Farrell,  Charles  M.  Schwab,  John  A.  Topping,  Alva  C. 
Diukey,  L.  E.  Block,  James  A.  Burden,  Eugene  G.  Grace,  C.  H.  McCul- 
lough,  Jr.,  H.  C.  Dalton,  A.  F.  Huston,  James  A.  Campbell,  and  Willis  L. 
King.  This,  with  only  a  few  exceptions,  comprises  the  personnel  of  the 
Special  Committee  of  the  American  Iron  and  Steel  Institute  which 
assisted  the  Government  in  its  operations  in  the  war  period. 


SULFURIC  ACm 


In  1914,  the  United  States  produced  4,200,000  tons  of  sulfuric  acid 
of  50""  Baume.  By  1917,  this  had  increased  to  8,300,000  tons  and  if  the 
war  had  lasted  4  or  5  months  longer  we  should  have  been  making  it  at 
the  rate  of  9,600,000  tons  annually.  The  rated  capacity  of  works  out- 
side of  those  owned  by  the  Government,  which  are  now  closing  down, 
is  6,200,000  tons.  The  opinion  is  expressed  that  the  present  industries 
of  peace  will  absorb  1,500,000  tons  more  than  in  1914. 


JBXPLORATION  OF  MINERAL  RESOURCES  OF  THE  CENTRAL 

ANDES 

Johns  Hopkins  University  is  planning  to  send,  during  April,  a  party 
to  study  the  geology  and  mineral  resources  of  the  Central  Andes  in  Bolivia 
and  Peru.  The  expedition  will  be  in  charge  of  Edward  W.  Berry,  pro- 
fessor of  paleontology,  and  Joseph  T.  Singe wald,  Jr.,  professor  of  eco- 
nomic geology.  The  plans  include  a  visit  to  the  cinnabar  mines  of 
Hiiancavelica,  Peru,  and  the  silver  and  tin  mining  districts  of  Bolivia. 
An  effort  will  also  be  made  to  obtain  new  light  on  the  recent  great  changes 
of  level  of  the  high  plateau  of  Bolivia. 


During  the  week  of  Feb.  17,  when  the  New  York  meeting  was  held, 
forty  different  meetings  were  held  in  the  Engineering  Societies'  building. 


XXX 
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PERSONAL 

The  following  is  an  incomplete  list  of  members  and  guests  who  called 
at  Institute  headquarters  during  the  period  Feb.  10, 1919,  to  Mar.  10, 1919. 


R.  H.  AUport,  Cleveland,  Ohio. 

L  H.  Bergstein,  New  York. 

Capt.  R«  S.  Burdette,  San  Antonio,  Tex. 

William  R.  Chedsey,  State  College,  Pa. 

L.  R.  Clapp,  Philaoelphia,  Pa. 

J.  Murray  Clark. 

£.  H.  Claussen,  San  Francifico,  Calif. 

George  E.  Collins,  Denver,  Colo. 

George  L.  Collord,  Sharpeville,  Pa. 

WlUiam  M.  Corse,  Mansfield,  Ohio. 

Frank  R.  Crampton,  Los  Angeles,  Calif. 

Capt.  E.  O.  Daue. 

A.  E.  Eddy,  Butte,  Mont. 

N.  H.  Emmons,  8d,  L3mchburg,  Va. 

£.  W.  Bngelmann,  Hayden,  Ariz. 

F.  A.  Fahrenwald,  Cleveland,  Ohio. 
O.  S.  Finnie,  Ottawa. 

iohn  T.  Fuller,  Honesdale,  Pa. 
lajor  C.  C.  Griggs,  Eureka,  Utah. 
H.  F.  B.  Gamm,  Rutherford,  N.  J. 

A.  W.  Hackwood,  Butte,  Mont. 
C.  L.  Home,  Roanoke,  Va. 

B.  B.  Hood,  Chrome,  N.  J. 
R.  £.  Hore,  Toronto.  Ont. 

Ross  B.  HoffmaniL  Oakland,  Calif. 

G.  A.  JosUn,  Salt  Lake  City,  Utah. 
John  Johnston,  Washington,  D.  C. 
Paul  S.  King,  Wilmington,  Del. 

E.  William  Kohl,  Jr.,  Philadelphia,  Pa. 
W.  H.  Landers,  San  Francisco,  CaUf . 


R«  R«  Landon,  Philippine  Islands. 

Alfred  O.  Law,  Cambridge,  Mass. 

James  M.  Little,  Towanda,  Pa. 

F.  B.  Marcy,  Salt  Lake  Citv,  UtaL 

H.  F.  Nash,  BartlesviUe,  Okla. 

L.  S.  Panyity,  Columbus,  Ohio. 

W.  C.  RaUton,  Reno,  Nev. 

T.  A.  Rlckard,  San  Francisco,  Calif. 

W.  A.  Rigby,  Mt.  Vernon,  Iowa. 

H.  H.  Rowatt,  Ottawa. 

P.  H.  Royster,  Pittsburgh,  Pa. 

Alan  B.  Sanger,  Dorchester,  Mass. 

J.  S.  Shaw,  Pittsburgh,  Pa. 

S.  B.  Shutte,  Lynchburg,  Va. 

Henry  B.  Smith,  New  Britain,  Conn. 

W.  C.  Smith,  Roselle,  N.  J. 

Hanj  M.  Spoor. 

D.  M.  Stackhouse,  Johnstown,  Pa. 

F.  D.  Stay,  Cleveland,  Ohio. 

D.  B.  Sterrett,  St.  Cyr,  Que. 

R.  H.  Thayer,  Yonkers,  N.  Y. 

Kirhj  Thomas,  New  York. 

Henry  Traphagen,  Toledo,  Ohio. 

H.  D.  Trounce,  San  Diego,  Cahf. 

Henry  J.  VoUdn.  Ossining,  N.  Y. 

A.  T.  Ward,  Bellefonte,  Pa. 

Major  L.  W.  Wickes. 

Horace  V.  WincheU,  Minneapolis,  MinxL 

Fred  L.  Wolf,  Mansfield,  Ohio. 


J.  Carson  Adkerson,  of  the  Stoekwood  Realty  Corpn.,  Inc.,  of 
Woodstock,  Va.,  writes  that  they  are  discontinuing  their  operations 
in  Virginia  on  account  of  the  conditions  in  the  manganese  market  foUow- 
ing  the  end  of  the  war. 

Claude  E.  Amidon,  who  has  been  serving  the  United  States  at  the 
Astoria  Heat,  Light  &  Power  Co.,  Chemical  Warfare  Section,  has  removed 
to  40  Block  F,  Pueblo,  Colo. 

L.  K.  Armstrong,  secretary-treasurer  of  Columbia  Section,  has  beeD 
chosen  president  of  the  Spokane  Engineering  and  Technical  Association. 

Percy  E.  Barbour,  who  has  been  honorably  discharged  from  service 
as  Captain  of  Engineers,  U.  S.  A.,  has  resigned  the  Deputyship  of  the 
New  York  State  Troopers,  Department  of  State  Police,  from  which  he  had 
a  leave  of  absence  from  the  Governor,  and  has  accepted  the  appomtment 
of  Assistant  Secretary  of  the  Institute. 

Ralph  E.  Barker,  recently  with  the  Garfield  Smelting  &  Refining 
Co.,  of  Garfield,  Utah,  has  accepted  a  position  at  the  Tacoma  Smelter, 
Tacoma,  Wash. 

H.  L.  Batten  is  with  the  Consolidated  Mining  &  Smelting  Co.  of  Can- 
ada at  Rossland,  B.  C,  Can. 

D.  D.  Berolzheimer  is  now  with  the  Chemical  Catalog  Co.,  17  Madi- 
son Ave.,  New  York,  in  the  capacity  of  assistant  technical  editor. 

Oliver  U.  Bradley  is  located  at  Muskogee,  Okla.,  being  U.  S.  Oil 
and  Gas  Inspector  for  the  Department  of  the  Interior  with  offices  in  the 
Federal  building. 
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Jerome  IL  Buchanan,  Captain  of  Engineers,  recently  discharged,  is 
now  manager  of  the  Homestead-Iron  Dyke  Mines  Co.,  Homestead,  Ore. 
F.  E.  Butcher  is  vice-president  and  general  manager  of  the  Dominion 
Co.  at  Danville,  lU.' 

Federico  Garcia  Caceras  has  closed  his  connections  with  Nego- 
ciacion  Minera  E.  E.  Femandini,  Cerro  de  Pasco,  Peru,  and  has  accepted 
the  position  of  metallurgical  engineer  for  Compania  Gallofa-Consolidada 
de  Colque-Chaca,  Bolivia,  S.  A. 

Sgt.  Norman  L.  Calder  of  the  Royal  Engineers  expects  to  leave  soon 
for  Johannesburg,  Transvaal,  So.  Africa. 

S.  D.  Callaway  has  formed  a  partnership  with  J.  E.  Davis,  civil  engi- 
neer; they,  are  doing  business  under  the  name  of  the  Chotaw  Engineering 
Co.,  Patrick  Bldg.,  Poteau,  Okla. 

F.  D.  Chase  has  removed  from  Monterrey,  Mex.,  to  Dedham,  Mass. 
William  C.  CoflBn,  lately  with  the  Jones  &  Laughlin  Steel  Co.,  is  now 
vice-president  of  the  Blaw-Knox  Co.  of  Pittsburgh. 

Edward  H.  Coze  has  resigned  his  position  with  the  United  Coal 
Corpn.,  and  is  now  general  manager  of  the  Snowden  Coke  Co.  at  BrazneU, 
Pa. 

Assistant  Secretary  of  War  Benedict  CroweU  and  a  party  of  friends 
recently  made  the  trip  from  Washington,  D.  C,  to  New  York  by  air- 
plane. One  of  the  airplanes  at  that  time  made  the  trip,  a  distance  of  232 
mi.,  in  1  hr.  41  min. 

Walter  S.  Dickson  has  accepted  the  position  of  Engineer  of  Public 
Works  with  the  Reconstruction  Commission  of  the  State  of  New  York 
with  offices  at  the  Hall  of  Records,  New  York  City. 

Charles  W.  DeWitt  resigned  his  position  as  mine  superintendent  with 
the  Chiksan  Mining  Co.  and  has  accepted  a  position  with  the  United 
States  Government  in  Siberia;  he  is  on  his  way  to  Omsk  for  instructions. 
H.  C.  Dudley  recently  returned  from  France,  where  he  was  a  Captain 
in  the  Department  of  the  Chief  Engineer  of  the  First  Army.  Before 
being  transferred  to  the  first  Army  in  September,  at  the  start  of  the  San 
Mihiel  offensive,  he  was  with  the  36th  Engineers  in  central  France. 
Mr.  Dudley  has  reopened  his  offices  at  704  Lonsdale  Building,  Duluth, 
Minn. 

Edward  H,  Emerson,  mining  engineer,  announces  his  recent  connection 
with  the  General  Chemical  Co.,  25  Broad  St.,  New  York. 

Carroll  R.  Forbes,  having  received  his  discharge  from  military  duty, 
has  resumed  his  work  at  the  School  of  Mines  of  the  University  of  Missouri, 
Rolla,  Mo. 

Paul  R.  Forbes  has  located  at  712  Prospect  Avenue,  El  Paso,  Tex., 
having  resigned  his  position  with  Shewan-Tomes  &  Co.  of  New  York. 
R.  W.  ^eiich  has  removed  from  Ingot,  Calif.,  to  Department  of  La 
Union,  San  Sebastian,  Salvador,  C.  A. 

Paul  W.  Gaebelein,  mining  and  metallurgical  engineer,  and  recently 
F'irst  Lieutenant,  Ordnance  Reserve  Corps,  has  opened  offices  at  17  W. 
Mintah  St.,  Colorado  Springs,  Colo. 

P.  L^  Gilman,  who  resigned  his  position  as  works  manager  of  the  Na- 
iooal  Conduit  &  Cable  Co.  last  November,  is  now  European  general 
superintendent  for  the  Western  Electric  Co.,  and  has  charge  of  that 
company's  manufacturing  plants  in  England  and  on  the  Continent. 

Stanley  N.  Graham  of  Cobalt,  Ont.,  lately  at  the  O'Brien  mine,  is  now 
,t  136  Bagot  St.,  Kingston,  Ont.,  Can. 
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Samuel  M.  Greenidge  is  at  present  with  the  Leadville  Minmg  Co.  at 
Courtland,  Ariz. 

Mortimer  L.  Hall  is  research  chemist  in  the  electro-zinc  plant  of  the 
U.  S.  Smelting  &  Refining  Co.,  of  Eennett,  Shasta  Co.,  Calif. 

K.  F.  Hansen  is  employed  by  the  American  Zinc  &  Chemical  Co.  at 
Langeloth,  Pa. 

William  Holzhauer  is  in  the  metallurgical  department  of  the  Alumi- 
num Castings  Co.,  at  Cleveland,  Ohio. 

Herbert  Hoover,  the  American  Food  Administrator,  lately  appointed 
director  general  of  the  Interallied  Relief  Organization,  has  announced 
that  he  and  most  of  his  associates  will  have  to  leave  the  Government 
service  about  July  1  in  order  to  attend  to  their  personal  interests. 

David  L.  C.  Hover,  recently  at  Chihuahua,  Mex.,  has  removed  to 
Monterrey,  N.  L.,  Mexico,  where  he  is  in  the  employ  of  the  American 
Smelting  &  Refining  Co.,  in  the  Monterrey  plant. 

J.  F.  Inglis  is  with  the  Harmony  Mines  Co.  of  Baker,  Ore. 

David  D.  Irwki  has  taken  a  position  in  the  office  of  the  president  of  the 
Phelps-Dodge  Corpn.  at  Douglas,  Ariz. 

F.  M.  Jardine,  having  been  honorably  discharged  from  the  army,  is 
at  the  Butte  &  Superior  Mining  Co.,  Butte,  Mont. 

Hennen  Jennings  has  resumed  his  duties  in  Washington. 

R.  A.  Josey  has  removed  from  Tulsa,  Okla. ;  his  new  address  is  Box 
698,  Yale,  Okla. 

Amor  F.  Eeene  has  changed  his  office  address  from  1  London  Wall 
Bldg.,  London,  Eng.,  to  room  1100,  42  Broadway,  New  York. 

Herbert  B.  Kroeger  has  resigned  his  position  with  the  Cauto  Mining 
Co.,  of  Cuba.     His  present  address  is  R.  F.  D.  30,  Stamford,  Conn. 

S.  S.  Lang  is  superintendent  of  the  Colby  &  Ironton  mines  at  Besse- 
mer, Mich. 

Vemer  T.  Lawshe,  upon  returning  to  civil  life  after  sevice  with  the 
311th  Engineers,  has  resumed  his  engineering  practice  as  chemical  engi^ 
neer  for  the  Wyoming  Chemical  Co.,  of  Wilkes-Barre,  Pa. 

Leon  R.  Long  announces  a  change  in  position  to  the  Cerro  de  Pasco 
Copper  Corpn.  at  Cerro  de  Pasco,  Peru. 

George  V.  Luerssen,  lately  lieutenant  with  the  Ordnance  Depart- 
ment, has  accepted  a  position  in  the  metallurgical  department  of  the 
Carpenter  Steel  Co.  of  Reading,  Pa. 

E.  P.  McCrorken  having  received  his  discharge  from  the  Bureau 
of  Steam  Engineering,  Naval  Aviation,  has  resumed  his  duties  with  the 
Engineering  and  Mining  Journal. 

Robert  Macfee  in  an  interesting  letter  tells  of  his  experiences  as  fol- 
lows: "I  have  just  recently  been  liberated  by  the  Turks  in  whose  hands 
I  was  a  prisoner  for  over  8  mo.  and  am  at  present  attached  to  the  sUff 
of  the  British  Army  in  Baker,  Caucasus,  but  expect  soon  to  return  to 
Manchester,  Eng.'* 

John  deN.  Macomb,  Captain  of  Engineers,  A.  E.  F.,  xipon  returning  to 
civil  life  accepted  the  position  of  office  engineer  with  the  Atchison,  Topeki. 
&  Santa  Fe  Ry.,  with  offices  at  1033  Railway  Exchange  Bldg.,  Chicago,  BL 

William  S.  Mann  is  chief  engineer,  Missabe  Range  Dept.,  Republic 
Iron  &  Steel  Co.,  Gilbert,  Minn. 

Stuart  B.  Marshall,  consulting  engineer  and  metallurgist,  is  removing 
his  offices  to  the  Commercial  &  National  Bank,  G  and  14th  Sis.,  N.  W.t 
Washington,  D.  C. 
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William  £•  Merritty  recently  with  the  Tennessee  Chemical  Co., 
has  taken  a  position  with  the  Caico  Chemical  Co.  at  Bound  Brook,  N.  J. 
J.  A.  Meyerovitch  is  vice-president  of  the  Youroveta  Home  &  Foreign 
Trade  Co.,  with  offices  at  165  Broadway,  New  York. 

Walter  B.  Miller,  Captain  of  Enginetni,  having  received  his  dis- 
charge, is  general  manager  of  the  Kentucky  King  Coal  Co.,  at  Wallins 
Creek,  Ky. 

J.  Macdonald  Mitchell  has  taken  a  position  at  La  Paz^  Bolivia, 
with  the  W.  R.  Grace  Co. 

Harold  A.  Morrison  is  sales  engineer  for  the  Oliver  Continuous  Filter 
Co.,  229  Madison  Av.,  New  York. 

Chester  Naramore  resigned  his  position  as  chief  petroleum  geologist 
with  the  Bureau  of  Mines  on  Feb.  1,  1919,  to  accept  a  position  with  the 
Union  Petroleum  Co.,  Philadelphia,  Pa. 

L.  F,  Paddison  is  now  with  the  Simnyside  Mining  &  Milling  Co.  of 
Eureka,  Colo.,  having  left  the  employ  of  the  U.  S.  Smelting,  Refining, 
&  Mining  Co.,  of  San  Francisco,  Calif. 

F.  D.  Pagliuchi,  mining  engineer,  has  opened  offices  at  1130  Title 
Insurance  Bldg.,  Los  Angles,  CaUf. 

Edwin  H.  Peirce  has  accepted  the  position  of  superintendent  of  the 
American  Steel  &  Wire  Co.,  at  New  Haven,  Conn. 

Charles  T.  Pfoutz  has  been  transferred  from  the  Arthur  plant  to  the 
Magna  plant  of  the  Utah  Copper  Co.,  Magna,  Utah. 

Albert  E.  Pillow  is  engineer,  Soci^t^  Beige  Industrielle  et  Mini^re 
de  Katanga,  ElisabethviUe,  Katanga,  Congo  Beige,  So.  Africa. 

H.  Robinson  Plate  has  removed  from  New  York,  to  Sheepranch,  CaUf. 
E.  T-  Plumb,  recently  of  Brooklyn,  N.  Y.,  is  now  with  the  Cumberland 
Pipe  Line  Co.,  Winchester,  Ky. 

K.  Pommerantz  has  resigned  his  position  with  the  South  American 

Metal  Co.  (Fundicion  de  Guayacan)  and  has  opened  offices  at  Casilla 

489,  Santiago  de  Chile^  Chile,  S.  A.,  as  an  independent  consulting  engineer. 

W.  C.  Ralston  has  moved  from  Reno,  Nev.,  to  25  Broad  St.,  New 

York. 

Bert  A.  Reber,  having  completed  his  work  at  Absarokee,  the  hydro- 
electric plant  being  placed  in  operation,  has  accepted  a  position  with  the 
Cascade  Silver  Mine  &  Mill  Co.  as  mining  engineer  and  in  flotation. 
R.  S.  Rhoades  announces  the  opening  of  the  firm  of  Douglas  & 
Rhoades  at  Dan  Waggoner  Bldg.,  Ft.  Worth,  Tex. 

Edwin  R.  Richards,  formerly  vice-president  of  the  Childers  Leas- 
ing Co.,  has  taken  offices  at  526  Remington  Av.,  Salt  Lake  City,  Utah. 
Jasper  T.  Robertson  has  removed  from  Chicago,  111.,  to  Hobart  Bldg., 
San  Francisco,  Calif. 

A.  Edmond  Robitaille,  petroleum  geologist,  has  Hcome  associated 
with  Dorsey  Hager  in  the  American  Exchange  National  Bank  Bldg., 
Dallas,  Tex. 

Harry  M.  Rockwell  has  accepted  a  position .  with  the  International 
Smelting  Co.,  at  Tooele,  Utah. 

jyf  az  Roesler  announces  his  connection  with  the  U.  S.  Geological 
Survey,  at  Washington,  D.  C.  ^ 

Girard  B.  Rosenblatt  has  taken  a  position  with  the  Westinghouse 
dec.  A  Mfg.  Co.,  Salt  Lake  City,  Utah. ;  he  is  in  eharj^e  of  the  mining  and 
metallurgical  work' in  the  West.' ' 
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Capt  R.  W.  Rusterholz  has  been  transferred  from  the  Air  Service, 
A.  E.  F.,  to  the  Engineering  Detachment  of  the  American  Peace  Commis- 
sion, where  his  work  will  be  the  appraisal  of  all  damages  in  thfe  devastated 
districts  of  all  countries. 

Richard  M.  Sanchez  has  taken  a  position  with  the  Alvafado  Mining 
&  Milling  Co.  at  Parral,  Chihuahua,  Mex. 

Prof.  Albert  Sauveur,  of  the  metallurgical  department  of  Harvard 
University,  has  just  returned  to  Cambridge,  Mass.,  from  France,  where 
he  has  been  engaged  in  war  work  the  past  year.  WhUe  in  Paris,  Profes- 
sor Sauveur  was  in  charge  of  the  section  of  metallurgy  in  the  technical 
division  of  the  United  States  air  service,  the  purpose  of  which  was  to 
solve  metallurgical  problems  connected  with  aviation  motors. 

L.  R.  Scheurer,  professor  of  mining  engineering,  has  accepted  & 
position  with  the  North  Georgia  Agricultural  College,  having  resigned  at 
the  Missouri  School  of  Mines. 

D.  R.  SemmeSy  formerly  a  professor  of  geology  at  the  Texas  A.  &  M. 
College,  has  opened  an  office  at  47  Petroleum  Bldg.,  Fort  Worth,  Tex., 
for  general  consulting  work  in  the  North  Texas  region. 

Homer  K.  Sherry  has  changed  his  address  from  the  Wisconsin  Zinc 
Co.,  to  Asbestos,  Que.,  Can. 

Ralph  W.  Shumway  is  mine  superintendent  with  the  Manufacturers 
Coal  &  Coke  Co.  at  Hellier,  Ky. 

W.  A.  Siebenthal,  having  been  in  charge  of  operations  with  the  West- 
ern Ore  &  Mining  Co.  since  the  summer  of  1917,  has  resumed  his  fonner 
position  of  mining  engineer  with  the  Penn  Iron  Mining  Co.,  at  Vulcan, 
Mich.,  the  Western  Ore  &  Mining  Co.  having  closed  its  operations  on 
manganese  ores. 

Captain  John  G.  Smjrth,  of  Berkeley,  Calif.,  is  at  present  manager  of 
the  Elkhorn  Division  of  the  Consolidated  Coal  Co.,  of  Jenkins,  Ky. 

E.  K.  Soper  is  now  geologist  with  the  Trinidad  Petroleum  Develop- 
ment Co.,  P.  O.  Box  176,  Port  of  Spain,  Trinidad,  B.  W.  I. 

Paul  Stein  is  at  present  with  the  American  Smelting  &  Refining  Co. 
at  the  Hayden  plant,  Hayden,  Ariz. 

Leigfaton  Stewart,  who  was  overseas  as  a  Lieutenant  in  the  Canadian 
Engineers,  has  re-opened  his  office  at  42  Broadway,  New  York. 

Percy  W.  Thompson  is  with  the  Richmond  Petroleum  Co.  at  Meeker, 
Colo. 

Warren  D.  Thompson,  mining  engineer,  is  at  present  in  Chuquica- 
mata,  Chile,  S.  A.,  with  the  Chile  Exploration  Co. 

Jon  A.  Udden  is  now  chief  geologist,  Sinclair  Gulf  Oil  Co.,  Burk 
Burnett  Bldg.,  Ft.  Worth,  Tex. 

Frederick  H.  Vahrenkamp,  of  the  firm  of  Vahrenkamp  &  Elder, 
having  been  absent  from  the  United  States  for  over  a  year,  is  now  definitely 
located  again  at  Coarsegold,  Madera  Co.,  Calif. 

C.  T.  Van  Winkle,  mining  and  metallurgical  engineer,  is  now  situated 
in  Salt  Lake  City,  Utah,  with  offices  in  the  Dooly  Block. 

Frederick  A.  Voorhees  has  changed  his  address  from  Daggett,  Calif., 
to  Bacis  Gold  &  Silver  Mining  Co.,  Ltd.,  Mazatlan,  Sinaloa,  Mex.  He 
and  William  Brandt  are  returning  to  the  property  of  the  Bacis  Co.,  in  the 
State  of  Durango,  in  an  effort  to  rehabilitate  and  operate  the  niill  and  mine 
after  6  years  shut-down. 

Charles  W.  Weston  is  operating  manager  of  the  Market  St.  Elevated 
Railway  Co.,  69th  &  Market  Sts.,  Upper  Darby,  Delaware  Co.,  Pa. 
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Joseph  L.  White  has  accepted  the  position  of  superintendent  of  the 
Bluebell  mine,  at  Mayer,  Ariz. 

H.  E.  Whitfield  is  at  the  University  of  Western  Australia,  Perth, 
Western  Australia. 

W.  deBurgh  Whjrte,  Deputy  Director  of  the  Production  Department 
of  the  British  War  Mission  in  the  United  States  has  been  made  an 
officer  of  the  Order  of  the  British  Empire  by  the  King  for  services  ren- 
dered during  the  war. 

Garratt  S.  Wilkin  is  in  Salt  Lake  City,  Utah,  as  mine  manager  of  the 
Moscow  Mining  &  Milling  Co. 

F.  M.  Wolverton  has  received  his  discharge  from  military  service 
and  is  now  a  student  at  the  University  of  Wisconsin,  Madison,  Wis. 

Wallace  G.  Woolf  has  removed  from  Silver  City,  Utah,  and  is  with 
the  Bunker  Hill  &  Sullivan  Mining  &  Concentrating  Co.,  at  Kellogg, 
Ida. 


ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

No.  526, — At  liberty  about  Mar.  1,  1919.  Just  returned  from 
France,  a  Captain  of  Engineers.  Member  A.  I.  M.  E.,  A.  I.  E.  E., 
35  years  old,  technical  education.  Last  six  years  of  civil  life  as  electrical 
engineer,  master  mechanic  and  superintendent  of  construction  with  large 
mining  company.     Salary  expected,  $3600  per  year. 

No.  535. — Member,  mining  engineer,  technical  graduate,  age  34 
years,  experience  as  engineer  for  coal  companies.  Three  and  one-half 
years  with  one  company  and  five  years  with  another.  Have  good  recom- 
mendations. Recently  honorably  discharged.  First  Lieutenant,  U.  S. 
Army.  Desires  position,  preferably  in  West.  Salary  last  received, 
1175  per  month. 

No.  555. — Metallurgical  engineer  having  18  years'  experience  in  posi- 
tions from  chemist  to  manager,  specializing  in  the  smelting  of  copper,  gold 
tnd  silver  ores,  and  now  returning  to  the  U.  S.  Available  about  May  15. 
No.  556.— Manager  or  superintendent,  member,  technical  graduate, 
,ge  44,  married,  desires  position.  Good  references,  18  years'  experience 
Q  positions  of  responsibility  and  administration.  Familiar  with  develop- 
aent,  mining,  milling,  operation,  construction  and  management.  Avail- 
,ble  on  short  notice. 

No.  557. — Member,  technical  education,  married,  age  30.  Five 
ears'  experience  in  construction  work,  four  years  superintendent  of 
lining  and  milling  operations.    Looking  for  wider  experience.    Free 

tpr .   1 . 

No.  558. — Member,  age  29,  mining  geologist  with  thorough  scholastic 
nd  practical  training.  Best  of  references.  Supervision  of  underground 
letal-inining  development.  Student  of  administration  and  capable  as 
agineer.  Open  for  engagement  in  any  English-speaking  country  at 
ilary  equivalent  to  S3500. 

If  a.     559. — Metallographist    or    laboratory    metallurgist,    member, 
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technical  graduate,  28,  single.  Worked  one  year  with  Illinois  StedGo., 
Gary  Works,  but  will  be  released  before  Apr.  1.  Present  salary  tl4D. 
Experienced  photomicrographist  and  a  good  photographer.  Highest 
credentials. 

No.  660. — Columbia  E.  M.,  1912,  thirty,  married,  experieneed  in 
recovery  work  aiter  fires  and  explosions  in  metal  and  coal  mines  and  in 
training  men  in  safety,  rescue  and  first-aid  work.  Has  been  engineer, 
superintendent  and  purchasing  agent.  Formerly  in  service  of  U.  S. 
Bureau  of  Mines.  Competent  to  inaugurate  and  conduct  safety,  effi- 
ciency and  welfare  campaign. 

No.  561. — Member,  married,  age  42  years,  20  years'  experience  both 
mining  and  metallurgy  in  Western  States,  Mexico  and  Central  Americft. 
Speaks  French  and  Spanish,  late  superintendent  large  low-grade  gold 
property  California.  Open  for  engagement  as  manager  or  superintend- 
ent, preferably  in  South  America. 

No.  562. — Metallurg^t,  member,  technical  graduate,  age  30,  married. 
Four  years'  experience  in  steel  and  ferro-aUoy  research.  Desires  better 
opportunity  for  advancement. 

No.  563. — Member,  age  38,  desires  position  as  construction  engineer 
with  some  copper  company.  Ten  years'  experience  in  Utah  and  ArixonA 
on  design,  construction  and  operation  of  copper  smelting  and  leacbing 
plants.    Least  salary  considered,  $300. 

No.  564. — Wanted:  Position  by  an  experienced  mine  and  mill  fore- 
man. Thoroughly  efficient  in  amalgamation  and  concentration  of  g^ld 
and  silver  ores.  Also,  many  years  as  mine  foreman  in  South  America, 
South  Africa,  Nevada  and  California.    Experienced. 

No.  565.— Graduate  mining  engineer,  member,  married,  with  nine 
years'  practical  experience  from  mucker  to  superintendent,  desires 
position  as  superintendent  or  manager  of  mine.  Available  upon  short 
notice. 

No.  566. — Member,  metallurgical  chemist  and  engineer  with  wide 
experience  in  Russia  (Ural  Mts.,  Siberia  and  Caucaisus)  will  be  free  end 
of  April.  Expert  in  concentration  (table  and  flotation)  of  lead-zinc  and 
copper  ores.  Large  practice  in  smelting  of  copper  ores  in  blast  furnaces 
and  refining  of  copper.  Experienced  assayer  and  ore  tester.  Speaks 
Russian  and  knows  his  way  about  the  country. 

No.  567. — Member,  age  28,  married,  technical  training,  expOTenccd 
in  both  practical  and  technical  flotation  work.  Desires  position  as  a 
flotation  testing  engineer,  foreman  or  superintendent.  Would  be  willing 
to  start  with  reasonably  low  salary,  providing  there  would  be  a  chance  for 
advancement.    Available  at  once. 

No.  568. — Member,  mechanical  and  electrical  engineer,  age  34, 
experience  in  directing  design  and  construction  of  power,  mining  and 
smelting  plants  in  the  Southwest  and  Mexico.  Available  Apr.  1,  salary 
$300  per  month. 

No.  569. — Consulting  geologist,  established  at  Fort  Worth,  Tex.,  de- 
sires to  represent  reputable  companies  and  investors  in  the  Texas  oil 
fields.  Three  years'  experience  in  the  oil  fields  of  this  region.  Best  of 
references  offered. 

No.  570. — Member,  graduate  engineer  and  geologist,  married,  agp  31 
years,  open  for  immediate  engagement.  Eight  years'  experience  as 
engineer,  geologist,  foreman  and  superintendent  of  coal,  iron  and  copp^ 
properties.    Speaks  Spanish.    Best  of  references. 


J 
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No.  571. — Coal-mining  engineer  and  superintendent,  member,  mar- 
ried, age  35,  desires  position  as  engineer  or  superintendent,  or  combina- 
tion of  the  two,  with  a  company  offering  chance  for  advancement.-  Has 
]iad  13  years'  experience  in  coal  mining,  last  five  years  as  engineer  and 
superintendent  in  charge  of  property  producing  850,000  tons  annually. 
Minimum  salary,  $350. 

No.  572. — Metallurgical  and  chemical  engineer  wishes  to  become 
affiliated  with  a  first  class  university  in  the  department  of  metallurgy. 
Has  had  seven  years'  teaching  experience  at  imiversities  and  five  years 
in  practice.  Has  the  following  degrees:  B.  S.  Chem.,  M.  S.  Met.,  and 
P.  D.  Met.  First  class  references.  Would  also  consider  good  opening 
in  practice. 

No.  573. — Engineering  executive,  returning  to  the  U.  S.  from  France 
about  May  I,  desires  an  opportunity  to  secure  a  permanent  position  with 
prospects  of  advancement.  Graduate  civil  engineer.  Member,  American 
Institute  Mining  Engineers,  American  Society  of  Mechanical  Engineers, 
and  Assoc.  Member  American  Society  of  Civil  Engineers.  Experi- 
ence: Railway  engineering,  5  years;  management,  8  yestrs;  military 
engineering,  2  years.  Entered  Army  as  Captain  Engineers,  May,  1917, 
promoted  to  Lt.  Colonel,  Engineers,  January,  1918.    Age  35. 

No.  574. — Member,  36  years  old,  married,  16  years'  practical  expjeri- 
ence,  metal  and  coal  mining  and  oil-field  construction  and  pipe  line. 
Will  gladly  consider  foreign  location  and  am  equipped  for  such  a  trip,  . 
being  familiar  with  shaft  sinking,  timbering,  mine  surveying,  developing 
new  properties,  boilers,  engines,  pumps  and  machinery,  both  installing 
and  operating. 

No.  575. — Graduate  mining  engineer,  member,  single,  25  years  old. 
Recently  discharged  from  service  as  1st  Lieutenant,  F.  A.  Go  anywhere 
at  once.    Best  references.  t 


POSITIONS  VACANT 


Assistant  Professor  of  Mining  Engineering. — Mining  engineer  to 
teach  mine  surveying,  mine  mapping,  assaying,  etc.,  but  not  metallurgy. 
Location,  Ohio.    Salary,  $1800  per  annum.     No.  379. 

Metallurgist. — Experienced  metallurgist  capable  of  running  25-ton 
blast  lead  furnace.  Man  who  knows  the  country  and  speaks  Spanish 
desired.  ^  You  may  know  that  this  state  is  in  peaceful  conditions  and  that 
even  during  the  worst  time  of  the  revolution  there  were  several  mining 
concerns  never  idle.  Besides,  its  resources  are  wonderful,  and  once. a 
man  gets  started,  he  will  find  many  possibilities.  Notwithstanding  that 
Sinaloa  i^  a  mining  state,  our  smelter  will  be  the  only  lead  smelter  on 
this  coast.    Location,  Culiscan,  Sin.,  Mexico.    No.  381. 

Qfumry  Superintendent. — Engineer  experienced  in  limestone  quarry 
work  for  position  as  superintendent;  must  be  capable  of  producing  re- 
sults; must  increase  output  of  quarries  from  4  to  12  cars  per  day.  Young 
msLii  with  abundant  energy  is  desired.  Permanent  position,  chance  to 
grow  up  with  the  company.  Location,  New  Jersey.  Salary  depends 
upon  the  man.    No.  382. 
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Rubber  Chemist. — Man  experienced  in  the  making  of  compounds  for 
insulating  wires;  must  be  capable  of  developing  high-grade  compounds, 
30  per  cent,  and  40  per  cent.  Para,  to  meet  specifications  of  the  Railway 
Signal  Association,  U.  S.  Signal  Corps,  U.  S.  Navy,  etc.  Will  be  expected 
to  check  up  manufacturing  practices,  ingredients  used  in  compounding, 
reduce  the  cost  of  present  code  compounds,  etc.  Salary  depends  upon 
the  man.     No.  384. 

Assistant  Engineer. — Engineer  experienced  in  construction  and  main- 
tenance work;  must  have  a  working  knowledge  of  Spanish,  executive 
abiUty  and  be  able  to  stand  frontier  life;  should  have  had  experience  in 
Spanish  America.    Location,  Cuba.    Salary,  $250  per  month.    No.  385. 

Head  for  Metallurgical  Laboratory. — Research  engineer,  experienced 
in  ferrous  and  non-ferrous  laboratory  work.  Must  be  familiar  with  plant 
process  and  manufacturing  operations,  among  other  things,  duties  will 
consist  of  collecting  empirical  data  to  be  used  in  the  drafting  of  specifica- 
tions.   Location,  Ohio.    Salary  depends  upon  the  man.    No.  386. 

Sales  Engineer. — Man  with  knowledge  of  materials  and  uses  to  go 
into  undeveloped  territory  to  sell  farming  implements,  power-plant  equip- 
ment, hardware,  etc.,  and  represent  company  among  managers;  speaJdng 
knowledge  of  Spanish  required.  Location,  Argentine  Republic.  Salary 
about  $5000.     No.  387. 

Production  Manager. — Man  with  considerable  experience  in  the 
manufacture  of  small  hand-power  grinding  machines,  with  a  thorough 
knowledge  of  the  coordination  of  production  elements  such  as  making 
and  buying  of  stock,  stock  on  hand  and  stock  necessary  to  fill  orders 
properly,  as  nearly  as  possible,  and  save  accumulation  of  unnecessary 
stock.  Must  also  know  how  to  handle  men  harmoniously;  in  other  words, 
he  should  be  a  man  who  can  grasp  the  problem  of  production  in  all  its 
details  and  produce  th%  goods,  not  simply  make  promises  thereof.  No. 
388. 

Mine  Superintendent. — Mining  engineer  experienced  in  handling 
iron  ore  and  in  underground  and  open-cut  work  for  the  position  of  mine 
superintendent;  graduate  engineer  preferred;  unmarried,  under  33  years 
old.    Location,  Pennsylvania.    Salary  depends  upon  the  man.    No.  389. 

Assistant  Professor. — ^Man  to  take  charge  of  coal-washing  and  ore- 
dressing  laboratory  at  a  mining  school  in  the  Middle  West.    No.  390. 

Research  Work. — A  man  for  research  work  in  connection  with  coal 
mining  and  preparation  for  a  mining  school.    No.  391. 

Mining  Engineers  and  Assistant  Engineers. — Services  of  a  number 
of  men  required  for  examination  work  to  check  up  claims  for  the  Govern- 
ment. Should  be  men  of  standing  and  judgment  as  well  as  men  of  ex- 
perience. Those  having  experience  in  naanganese,  chrome,  pyrite  and 
timgsten  especially  desired.  Salary  for  mining  engineers,  S3600  to  S4S00; 
salary  for  Assistants,  $1803  to  $3000  per  annum  basis,  depending  upon  the 
man.     Work  to  last  for  several  months.    No.  392. 

Resident  Manager  for  position  with  iron  and  steel  company  in  Mexico. 
Must  be  familiar  with  operation,  ore  mining  and  smelting.  Nothing  less 
than  a  $15,000  man  need  apply.     No.  395. 
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FORTHCOMING  MEETINGS  OF  SOCIETIES 


Organisation 


Date 


American  Electrochemical  Society 

American  Chemical  Society 

National  Foreign  Trade  Council 

American  Iron  and  Steel  Institute 

American  Institute  of  Electrical  Engpneers 

American  Society  for  Testing  Materials 

American  Railway  Bridge  and  Building  Association 


New  York,  N.  Y. 
Buffalo,  N.  .Y. 
Chicago,  ni. 
New  York,  N.  Y. 
Lake  Placid,  N.  Y. 
Atlantic  City,  N.  J. 


Cleveland 


T6: 


1919 
Apr.  3-6 
Apr.  8-11 
Apr.  24-26 
May 

June  23-27 
June  24-27 
Oct.  21-23 


BIOGRAPHICAL  NOTICES 

HX7BBRT  INGBRSOLL  BLLIS 

Hubert  Ingersoll  Ellis,  who  met  accidental  death  on  Jan.  6,  1919,  in 
eastern  Washington,  had  already  advanced  far  in  the  profession  of  mining 
engineering  and  gave  promise  of  a  brilliant  future.  He  was  bom  on  t^e 
Washington  coast  in  June,  1889,  and  had  his  preparatory  schooling  at 
Menlo,  Wash.  In  1905;  he  entered  the  College  of  Mines  of  the  University 
of  Washington,  and  at  once  made  a  high  record  of  scholarship.  After 
completing  3  years  of  his  technical  course,  he  went  to  the  interior  of 
Alaska,  where  he  spent  4  years  in  mining.  During  this  time  he  was  field 
correspondent  for  technical  magazines  and  wrote  several  important  arti- 
cles. In  1915,  ElUs  completed  his  senior  year  in  the  CoUege  of  Mines; 
his  graduation  thesis  was  a  comprehensive  paper  on  mining  methods  at 
Fairbanks,  Alaska,  which  was  published  as  a  series  of  articles  in  the 
Engineering  and  Mining  Journal.  On  July  14,  1915,  he  entered  the  em- 
ploy of  the  Bunker  Hill  &  Sullivan  Mining  &  Concentrating  Co.,  Kellogg, 
Ida.,  as  an  underground  miner,  and  was  soon  promoted  to  the  position 
of  operative  on  experimental  metallurgy  and  later  chemist  in  the  same 
work.  Later,  he  did  exhaustive  work  on  flotation  with  particular  atten- 
tion to  the  use  of  various  addition  agents.  For  the  past  2}yi  years,  his 
work  was  largely  in  the  field,  examining  mining  prospects  and  directing 
^ork  of  investigation,  during  which  time,  while  located  at  Sumter  Valley, 
Ore.,  in  1916,  he  was  elected  to  membership  in  the  American  Institute  of 
Mining  and  Metallurgical  Engineers.  During  the  same  year,  he  was 
married  to  Miss  Grace  Wells,  of  Arkadelphia,  Ark.,  and  besides  his  widow 
leaves  a  young  son. 

In  Hubert  I.  Ellis,  there  was  found  the  rare  combination  of  executive, 
administrative,  and  business  ability,  together  with  a  temperament  excep- 
tionally well  adapted  and  trained  for  research  work  and  for  the  careful 
and  exhaustive  examination  of  engineering  problems,  both  practical  and 
academic.  These  qualities  were  in  addition  to  a  splendid  physique  and 
a  personality  that  made  him  highly  successful  in  the  handling  of  sub- 
ordinates and  in  his  contact  with  his  associates  and  the  public. 

FRANK  G.  D.  SMITH 

Frank  G.  D.  Smith  died  Jan.  20,  after  a  short  illness  of  influenza  that 
resulted  in  a  complication  of  diseases.  Mr.  Smith  was  employed  for  the 
past  3  years  as  superintendent  of  the  silver  refinery,  at  the  East  Chicago 
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plant,  of  the  United  States  Metals  Refining  Co.  Before  this,  he  was 
manager  of  the  Santa  Domingo  Silver  Mining  Co.,  at  the  famous  old 
Batopilas  camp,  in  Chihuahua,  Mex.  It  required  great  fearlessness  to 
conduct  the  operations  during  the  revoluti6naiy  days  in  this  very  in- 
accessible place,  but  he  fulfilled  the  responsibUities  entrusted  to  him 
and  kept  up  production  until  American  intervention  made  work  impos- 
sible. 

Frank  Smith  was  a  close  student  and  exceedingly  well  posted  on 
mining  and  metallurgy.  He  was  very  unassuming,  and  the  only  evidence 
of  his  rare  ability  was  that  he  solved  the  problems  that  were  presented  in 
a  thoroughgoing  way.  The  loss  of  a  true  friend,  who  practised  the  golden 
rule  in  all  of  his  dealings,  will  be  felt  by  many  engineers  scattered  through- 
out the  United  States  and  Mexico 

ALLAN  FRASER  McCORlftICK 

Alan  Fraser  McCormick  died  of  pneumonia  at  El  Paso,  Tex.,  on  Dec. 
23,  1918.  Mr.  McCormick  was  born  in  the  Province  of  Ontario,  Can., 
43  years  ago,  and  at  the  time  of  his  death  was  assistant  superintendent 
of  the  El  Paso  Smelting  Works.  He  began  his  career  in  the  smelting 
business  about  20  years  ago  at  the  smeltery  at  Trail,  B.C.  From  Trail, 
he  went  with  the  Granby  Consolidated  Copper  Co.,  and  subsequently 
was  connected  with  mining  companies  in  Montana.  When,  the  Nevada 
Consolidated  Copper  Co.'s  smeltery  was  blown  in,  Mr.  McCormick  was 
assistant  to  Walter  G.  Perkins,  who  was  in  charge  of  smelting  operations. 
In  1911,  he  went  to  the  El  Paso  Smelting  Works  as  assistant  superin- 
tendent in  charge  of  copper  reverberatory  smelting  and  converting  opera- 
tions, where  he  remained  until  the  time  of  his  death. 

SEELY  B.  PATTERSON 

Seely  B.  Patterson,  one  of  the  early  iron  masters  of  New  Jersey  and 
Pennsylvania  and  for  many  years  a  member  of  the  American  Institute 
of  Mining  and  Metallurgical  Engineers,  died  at  the  Women's  Homeo- 
pathic Hospital,  Philadelphia,  on  Jan.  22,  and  was  buried  in  AUentown, 
Pa.,  his  recent  home.  Born  on  Henry  St.,  New  York  City,  June  2, 1845, 
he  was  educated  in  the  New  York  public  schools  and  the  Free  Academy, 
now  the  College  of  the  City  of  New  York.  His  father,  Henry  A.  Patter- 
son, was  a  founder  of  the  firm  of  Patterson  Bros.,  27  Park  Row,  New  York. 

Mr.  Patterson,  upon  graduation,  in  1864,  from  the  Free  Academy, 
went  with  the  Andover  Iron  Co.  at  Philipsburg,  N.  J.,  and  shortly  after 
became  superintendent  of  the  Philipeburg  Stove  Works.  Later  he  spent 
a  year  in  northern  Michigan  managing  a  charcoal  blast  furnace  on  Pine 
Lake,  and  then  went  to  West  Virgina  to  manage  the  coal  mines  and  blast 
furnace  at  Quinnimont  on  the  New  Biver.  In  1886,  he  was  called  to 
Hibernia,  N.  J.,  to  manage  the  mines  of  the  Andover  Iron  Co.;  in  1894, 
however,  he  was  placed  in  charge  of  the  entire  property  of  the  Andover 
Iron  Co.,  and  moved  to  Philipsburg,  N.  J.,  where  the  blast  furnaces  were 
located.  When  these  properties  were  sold  to  Joseph  Wharton,  in  1902, 
Mr.  Patterson  became  assistant  to  the  president  of  the  Empire  Steel  A 
Iron  Co.,  Catasauqua,  Pa.,  when  he  paid  especial  attention  to  the  develop- 
ment of  new  orebodies  at  Mt.  Hope  and  the  installation  of  a  central 
power  plant  at  Oxford.    In  1904,  he  became  manager  of  the  Robeaonia 
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Iron  Co.,  Ltd.,  mines  at  Cornwall,  Pa.,  and  blast  furnace  at  Robesonia,  Pa., 
where  he  remained  until  his  retirement  from  business  in  1916. 

He  is  survived  by  his  widow,  Mrs.  Josephine  Meeker  Patterson;  one 
daughter,  Mrs.  G.  W.  Hunsicker,  of  AUentown,  Pa.,  and  three  sons, 
all  of  whom  were  in  the  U.  S.  Service:  Lt.  Commander  H.  R.  Patterson, 
U.  S.  S.  Arizona;  Lt.  Seely  B.  Patterson,  Jr.,  Engineers,  U.  S.  A.;  and 
Ensign  George  M.  Patterson,  U,  S,  S.  Lake  Dancy.  He  is  also  survived 
by  his  mother,  who  is  95  years  old;  by  three  sisters.  Miss  Annie  C. 
Patterson,  Mrs.  Daniel'  K.  Hall,  and  Mrs.  Frederick  Horn,  of  Paris, 
France,  now  employed  by  the  French  Government  in  war  welfare  work; 
and  by  two  brothers,  Charles  Patterson,  of  New  Orleans,  and  Turner 
Patterson,  of  San  Diego,  Calif. 

GEORGE  B.  WEBBER,  JR. 

George  E.  Webber,  Jr.,  the  son  of  George  E.  Webber,  late  general 
manager  of  the  Rand  Mines  Ltd.  group  of  mines  in  Johannesburg,  South 
Africa,  was  born  near  Lead  City,  S.  D.,  Mar.  6,  1886.  He  died  in  San 
Francisco,  Calif.,  Oct.  26,  1918,  from  an  attack  of  influenza  and  pneu- 
monia. 

Most  of  his  education  was  acquired  in  California  at  the  Belmont 
School  and  the  State  University.  Completing  the  course  in  mining 
engineering  in  the  latter  part  of  1908,  he  entered  the  s&vice  of  the  Crown 
Mines  Ltd.,  of  Johannesburg,  South  Africa,  where  he  remained  3  years, 
filling  successfully  the  positions  of  sampler,  shift  boss,  mine  surveyor, 
and  mine  captain.  Becoming  discontented  with  South  Africa  after  his 
parents  left  there,  he  returned  to  California  early  in  1912,  and  shortly- 
afterward  accepted  a  position  as  mine  surveyor  at  the  Jualina  mine  in 
Alaska,  where  he  continued  until  the  closing  down  of  the  property  in 
1914.  He  then  accepted  the  position  of  assayer  at  the  San  Salvador 
mine  (Butters),  San  Salvador,  but  sickness  forced  him  to  resign  in  a  few 
months.  In  1915,  he  became  safety  engineer  at  the  Dome  mine  in  On- 
tario, Can.,  which  position  he  held  until  1917,  when  he  became  shift 
boss  at  the  Braden  copper  mine,  Chile.  He  left  that  company  in  1918 
to  return  to  California  to  join  the  army  and  received  his  appointment  as 
lieutenant  in  the  403d  Engineers,  training  at  Ft.  Douglas,  Utah.  He 
never  took  up  his  military  duties,  however,  as  he  died  a  few  days  after 
receiving  his  appointment. 


CHANGES  IN  ENTRANCE  CREDITS  AT  PRINCETON  AND  YALE 

At  Princeton  University  a  knowledge  of  Greek  will  no  longer  be  an 
entrance  requirement.  A  knowledge  of  Latin  will  be  required  of  candi- 
dates for  the  Bachelor  of  Arts  degree,  but  men  entering  courses  leading 
to  the  Bachelor  of  Science  degree  may  offer  modem  languages  and 
niathematics  instead. 

At  Yale  University  also  Latin  is  to  be  transferred  from  the  group  of 
required  studies  for  admission  to  college  and  the  group  of  elective  studies. 
Courses  in  American  history  and  government  will  be  required  of  all 
undergraduates.  In  addition,  greater  attention  is  to  be  paid  to  matters 
connected  with  student  extra  curriculum  activities,  morale,  and  discipline. 
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LIBRARY 

American  Institute  of  Mining  and  Metallurgical  Engineers 
American  Society  of  Civil  Engineers 
American  Institute  of  Electrical  Engineers 
American  Society  of  Mechanical  EIngineers 
United  Engineering  Society 

The  Library  of  the  above-named  Societies  is  open  from  9  a.  m.  to  10 
p.  M.  except  on  hoUdays.  It  contains  about  70,000  volumes  and  90,000 
pamphlets,  including  sets  of  technical  periodicals  and  publications  of 
scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions  are  forced  to  spend 
a  portion  of  their  time  in  locaUties  isolated  from  sources  of  information. 
To  these  the  Library,  through  its  Library  Service  Bureau,  can  render 
valuable  service  through  correspondence;  letters  requesting  information 
will  receive  especial  attention.  The  Library  is  prepared  to  furnish 
references  and  photographic  copies  of  articles  on  mining  and  metallur- 
gical subjects;  to  determine  the  existence  of  mining  maps,  and  to  furnish 
general  information  on  the  geology  and  mineral  resources  of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

Harrison  W.  Graver,  Director. 

Library  Accessions 

Barite  Deposits  of  Missouri  and  the  Geolooy  of  the  Barite  District.  6j 
William  Arthur  Tarr.  Univ.  of  Missouri  Studies,  vol.  3,  No.  1.  Science  series. 
(Gift  of  author.) 

Boilers  and  Furnaces  Considered  in  their  Relations  to  Steax  Enoinbbring. 
By  William  M.  Barr.  Philadelphia,  1809.  (Gift  of  American  Society  of  Mechan- 
ical Engineers.) 

Le  Commerce  Franco-Am^ricain.  Rapport  de  la  Commission  Industrielle  Am^ 
caine  en  France  a  T Association  des  Manufacturiers  Am^ricains  pour  TExplora- 
tion.     Septembre-Octobre.  1916.     Paris,  1917.     (Gift  of  E.  G.  SpilsbuiyO. 

Le  Dauphins  au  Travail.  Textes  in  extenso  des  conferences  pratiques  organistes 
par  la  Chambre  de  Commerce  de  Grenoble,  1917.  Grenoble,  1917.  (Gift  of 
E.  G.  Spilsbury.) 

Deuxi^me  iUongres  de  la  Houille  Blanche.  Lton,  Septembre.  1914.  Rapports 
qui  devaient  6tre  pr6sent^  au  Congr^.  Paris,  n.  d.  2v.  (Coft  of  R  G.  ^uls- 
bury.) 

Etats-Unis  et  Dauphin^.  Notice  relative  aux  Produits  du  Dauphin^  qui  peuvent 
faire  Tobjet  d'une  exportation  active  vers  les  Etats-Unis.  Chambre  ae  Com- 
merce de  Grenoble.     1917.     (Gift  of  £.  G.  Spilsbury.) 

Guide  Industrial  du  Dauphin^,  publiA  par  la  Chambre  de  Commerce  ds  Grem- 
oble.     Houille  Blanche.     1916. 
Deuxi^me  Mition.     Houille  Blanche.     1917.     (Gift  of  E.  G.  Spilsbuiy.) 

Hendricks'  Commercial  Register  of  the  United  States  for  Buyers  and  Seller?. 
New  York.     Copyright.  1918.     (Gift  of  publishers.) 

Industrial  Arts  Index.    Annual  cumulation.    6th,  1918. 
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Institution  d'un  Brevet  d'Inyention  International.    Examen  desprincipes  sur 
•   lesquels  raccord  pourrait  tout  d'abord  se  faire  entre  lea  Alli^.     Par  £!mile  fiarbet. 
Paris,  1916.     (Gift  of  E.  G.  Spilsbury.) 
International  Catalogue  of  Scientific  Literature.     14th  annual  issue,  section 

B,  Mechuiics.    Section  G,  Physics.     1917-18. 
Kbupp.     a  Century's  History  of  the  Krupp  Works.     1812-1918.     Translated  from 
the  commemorative  volume  edited  by  tne  Krupp  Works.     (Gift  of  the  American 
Society  of  Mechanical  Engineers.) 
Making  Walking  Places  Safe.     1918.    The  Menace  of  Slipping.  \  1918.    Slipping 
and  Tripping;  the  most  Serious  Public  and  Industrial  Hazard.     1916.     The 
Common  Cause  and  Invention  of  Industrial  Casualty.     1917.     By  H.  Weaver 
Mowery.     (Gift  of -author.) 
La  M£talluboib  en  France  et  en  Dauphin^.    Son  Pass6;  Son  Avenir.     Par 

Aim6  Bouchayer.    Grenoble,  1917.    (Gift  of  E.  G.  Spilsbury.) 
Minerals  and   Mining.     Nova  Scotia.     By  R.   Drummond.    Stellarton,   N.   S. 

1918.     (Gift  of  Hon.  E.  H.  Armstrong.) 
National  Workmen's  Compensation  Service  Bureau.     A  list  of  new  books  and 

articles  received  in  the  Library,  September,  1918.     (Gift  of  the  Bureau.) 
New  Zealand.     Mines  statement  for  the  year  1917.     Wellington,  1918.     State  Coal 
mines  (Reports  on  the  working  of)  for  the  year  ended  Slst  March,  1918.     Well- 
ington, 1918.     (Gift  of  the  Mmister  of  Mines,  New  Zealand.) 
Oklahoma  Society  of  Engineers.    Transactions,    v.  2,  1916;  v.  4,  1918.     (Gift 

of  Society.) 
Present  and  Prospective  Supply  of  Natural  Gas  Available  in  Pennsylvania. 

By  Samuel  S.  Wyer.     1918.     (Gift  of  author.) 
Radium  and  Uranium;  Their  Ores  and  Occurrence  in  Nature.     By  R.  A.  F. 

Penrose,  Jr.     Albany,  1918.     (Gift  of  author.) 
Readers'  Guide  to  Periodical  Literature.    Annual  cumulation.     18th,  1918. 
The  Relative  Corrosion  of  Cast  Iron,  Wrought  Iron  and  Steel  Pipe  in  House 

Drainage  Systems.     By  William  Paul  Gerhard.     (Gift  of  author.) 
Representation  in  Industry.    By  John  D.  Rockefeller,  Jr.    1918.     (Gift  of  author. ) 
Steel  Shipbuilders  Handbook.     By  C.  W.  Cook.     New  York,  1918. 
Tables  of  Useful  Information.     Joseph  T.  Ryerson  &  Son.    2d  edition,  1918. 

(Gift  of  publishers.) 
Tests  of  Moisture  and  Water  Resistance  of  Various  Coatings  on  Small  Boat 
Construction.     By  Henry  A.  Gardner.     (Gift  of  Institute  of  Industrial  Re- 
search.) 
Travaux  PrAparatoires  du  CoNGRiss  G^N^RAL  Du  G^NiE  CiviL.  Session  Nationale 

(Mars,  1918)  10  sections.     Paris,  1918.     (Gift  of  E.  G.  Spilsbury.) 
Les  Tbavaux  Souterrains  db  Paris.     Premiere  partie,  Les  Eaux.     Deuxi^e  sec- 
tion, Les  Eaux  Nouvelles.     Par  M.  Belgrand.     Paris,   1882.     2  vol.   (Gift  of 
Edward  Wegmann.) 
Social  Reconstruction.     A  general  review  of  the  problems  and  survey  of  remedies. 

1919.     (Gift  of  National  Catholic  War  Council. ) 
[l  Trattamento  Termico  Preuminare  Degu  Acciai  Dolci  e  Semi-duri  per  Cos- 
muzioia  Meccaniche.     By  Federico  GioKtti.     Milano,  1918.     (Gift  of  author.) 

Book  Notices 

Unless  otherwise  specified,  books  in  this  list  have  been  presented  by  the  publishers. 
rbe  Institute  does  not  assume  responsibility  for  any  statements  made;  these  are 
aken  from  the  preface  or  the  text  of  the  book,  unless  otherwise  noted. 

•"IGHTING  THE  BocHE  UNDERGROUND.     By  H.  D.  Trouncc.     N.  Y.,  Charles  Scribner's 
Sons,  1918.     234  pp.,  7  pi.,  1  por.,  1  diag.,  8  X  6  in.,  >i  cloth,  $1.50.     (Gift  of 
author.) 
Captain  Trounce,  an  American  mining  engineer,  enlisted  in  the  Royal  Engineers 

i  1915  and  was  transferred  to  the  Engineer  Reserve  Corps  of  the  American  army  in 

917.      His  book  is  a  description  of  the  underground  fightmg  in  which  he  participated 

1  flanders,  at  Arras,  Vimy  Ridge,  and  elsewhere. 

KDJjeTBrr  and  Humanity.    A  Study  in  the  Principles  Underlying  Industrial  Recon- 
struction.    By  W.  L.  Mackenzie  King.     Boston  and  N.  Y.,  Houghton  Mifflin 
Co.,  1918.     667  pp.,  10  charts,  8  X  6  m.,  cloth,  $3. 
Thia  volume,  bv  the  former  Mmister  of  Labor  of  Canada,  is  a  statement  of  the 
aderlying  principles  that  are  finding  expression  in  the  organization  of  industrial 
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society  and  which  should  obtain  in  all  efforts  at  reconstruction.  The  book  is  band 
on  the  author's  20  years  of  personal  contact  with  labor  problems,  supplemented  by  a 
study  of  the  literature  of  the  subject. 

Inbtinctb  in  Industbt.  a  Study  of  Working-class  Psychology.  By  Ordway  Teai 
Boston  and  N.  Y.,  Houghton  Mifflin  Co.,  1918.  222  pp.,  8  X  5  in.,  cloth,  $1.40. 
With  the  idea  of  contributing  to  a  better  understanding  of  people  in  their  capacity 
as  manual  workers,  Mr.  Tead  has  analyzed  in  turn  the  ten  basic  instincts  on  whieb 
our  life  and  conduct  rest,  has  shown  how  each  affects  the  worker's  relation  to  his  job, 
and  how  each  must  be  studied  and  used  in  the  task  of  attaining  sound  relations  between 
the  employer  and  the  employed. 

■ 

The  Instructor,  the  Man  and  the  Job.    A  Handbook  for  Instructors  of  Industrial 

and  Vocational  Subjects.     By  Charles  R.  Allen.     Phila.  and  Lond.,  J.  B.  lippin- 

cott  Co.  (copyright  1919),  373  pp.,  8  X  5  in.^  cloth,  $1.50. 

The  author,  who  has  been  Agent  for  Industrial  Training  for  t^e  Massachusetts 

Board  of  Education,  and  Superintendent  of  Instructor  TVaining  for  the  EmeigeDcy 

Fleet  Corporation,  gives  the  result  of  his  experience  in  this  volume,  which  is  intended 

as  a  handbook  for  instructors  in  industrial  plants  and  as  instruction  notes  in  traiimig 

courses  for  instructors. 

Johnson's  Materials  of  Construction.    Rewritten  by  M.  O.  Withey  and  Jamee 

Aston.    Edited  by  F.  E.  Tumeaure.    5th  edition.     N.  Y.,  John  mley  &  Soni, 

Inc. ;  Lond..  Chapman  &  Hall,  Ltd.,  1919.    840  pp.,  illus.,  1  pi.,  1  por.,  tab., 

9X6  in.,  cloth,  $6. 

As  the  progress  of  the  past  20  years  in  the  knowledge  of  the  properties  of  maieiiab 

made  Prof.  Johnson's  book  an  inadequate  accoimt  of  the  subject,  it  has  been  rewiittes 

under  the  editorship  of  his  successor  at  the  University  of  Wisconsin.     The  authors 

have  aimed  to  retain  the  broad  scope  of  the  original  work  as  a  statement  of  the  essential 

information  concerning;  the  sources,  manufacture  or  fabrication  of  the  principal 

materials,  their  more  important  mechanical  and  physical  properties,  and  the  inno- 

ences  of  various  factors  upon  them,  the  causes  of  aefects  and  variations,  the  methods 

of  testing  and  their  general  uses.     The  arrangement  of  the  book  is  new  and  some 

changes  have  been  made  in  its  scope.     Obsolete  matter  has  been  eliminated  and 

modem  data  substituted.     The  volume  is  intended  to  serve  both  as  a  textbook  and 

as  a  work  of  reference. 

Petroleum  Refining.  By  Andrew  Campbell,  with  a  foreword  by  Sir  BoverUm 
Redwood.  Lond.,  Charles  Griffin  &  Ck>..  Ltd.,  1918.  297  pp.,  138  ilbis.,  29 
folding  pi.,  3  diag.,  11  tab.,  9  X  6  in.,  clotn,  18.50. 

This  volume,  the  only  book  in  English  devoted  solely  to  the  subject,  describes 
the  ordinary  methods  used  to  prepare  marketable  products  from  petroleum,  exo^ 
"cracking"  methods.  The  work  is  based  on  extended  practical  experience,  is  weO 
supplied  with  illustrations  and  drawings  and  includes  a  bibliography. 

Physics  por  Technical  Students.  Sound,  Light,  Electricity  and  Magnettsil 
By  William  Ballantyne  Anderson.  1st  edition.  N.  Y.,  McGraw-BSU  Book  Co., 
Inc. ;  Lond.,  Hill  Publishing  Co.,  Ltd.,  1919.  794  pp.,  373  illus.,  9  X  6  in.,  doth, 
S3. 

This  book  completes  the  author's  textbook  of  phjrsics,  the  first  part  of  whieh  has 
been  published  previously  under  the  title:  Mechanics  and  Sound.  The  writer  has 
aimed  to  produce  a  college  text  especiall^r  suitable  for  students  of  apricultuie  and 
engineering,  in  which  particular  attention  is  directed  to  practical  apphcations  of  the 
subject. 

Thomas'  Register  of  American  Manufacturers  and  First  Hands  in  allLcobs. 
N.  Y.,  Thomas  Publishing  Co.  (copyright  1919)  4200  pp.,  12  X  10  in.,  cloUi,  $15. 
The  tenth  edition  of  this  well-known  trade  directoiy  is  dated  '*  October"  as  usual, 
although  corrections  were  made  up  to  Dec.  20.  The  mrectory  is  divided  into  wncms 
lists,  the  chief  one  being  a  carefully  classified  list  of  manufacturers  in  aU  lines,  mth- 
classed  geographically  and  provided  with  an  extensive  index  to  the  clawmfication. 
Other  lists  are  of  representative  banks,  boards  of  trade,  chambers  of  commeroe,  etc., 
trade  papers,  leading  trade  names  and  an  alphabetical  list  of  manufacturers.  The 
volume  contain^  4200  pages  of  information,  conveniently  arranged  for  quick 
consultation. 
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MEMBERSHIP 

New  Members 

The  following  list  comprises  the  names  of  those  persons  who  beciGune 
members  during  the  period  Feb.  10,  1919,  to  Mar.  10,  1919. 

Allen,  Holland  Craten State  GeoL,  Appraiser  of  Mines,  Lansing,  Mich. 

Altmateb,  Maxtbice  Ernest,  Ingenieur  des  Arts  et  Manufactures, 

145  Rue  de  la  Pompe,  Paris,  France. 
Austin,  Charle*  L.,  Assayer,  Highland  Boy  Mine,  Utah  Cons.  Min.  Co., 

Bingham  Canyon,  Utah. 
Babtlett,  Arthtjr  J.,  Chief  Engr.,  Louisville  Coal  &  Coke  Co., 

Goodwill,  W.  Va. 
BoiBS,  Orlow  W.,  Research  Chem.,  Roessler  &  Hasslacher  Chemical  Co., 

1632  Tenth  St.,  Niagara  Falls,  N.  Y. 
Braog,  G.  a.,  Mgr.,  Experimental  Copper  Leaching  Plant, 

Mellon  Inst,  of  Industrial  Research,  Thompson,  Nev. 
Bruscantini,    Giovanni,    Min.  Engr.,  Gen'l  Mgr.,  Sindicato  Minero  de  Cuba, 

Box  370,  Santiago,  Cuba. 

Colont,  R.  J^ Instructor  in"  Geol.,  Columbia  University,  New  York,  N.  Y. 

Davenport,  Frank  B.,  Cons.  Engr.,  606  Coal  Exchange  Bldg.,  Wilkes-Barre.  Pa. 

Eaton.  S.  Ford 120  E.  85th  St..  New  York,  N.  Y. 

Ebt,  J.  H.,  Min.  Engr Box  433,  Spokane,  Wash. 

Engelhardt,  Edward  A.,  Mgr.,  Surinaamsche  Bauxite  Mij, 

Paramaribo,  Dutch  Guiana,  S.  A. 
EscovAR,  A.  Jes^s,  Met.,  The  Colombian  Min.  Co.,  Marmato,  Caldas, 

Colombia,  S.  A. 
Filming.  Andrew  A.,  Chem.  &  Met.,  Dominion  Arsenal}  Quebec  City,  P.  Q.,  Canada. 
GoiTVT,  Alexandre,  Cons.  Engr.,  Care  Ste.  de  Montataire, 

5  Rue  St.  Georges.  Paris,  France. 
Graham,  Horace  Reynolds,  Gen'l  Min.  Supt.  &  Welfare  Mgr.,  Bradfen  Copper  Co., 

Rancagua,  Chile,  S.  A. 
Greig,  E.  BL  Asst.  Mine  Supt.,  Burma  Mines  Ltd.^am  Tu,  N.  S.  S.,  Upper  Burma. 
Hamu^ton,  Henrt  L.,  Pet.  &  Min.  Geol.  &  i^gr.,  Hamilton  &  Walk^ 

609  Carter  Bldg^  Houston,  Texas. 

Harbs,  Charles  J Geol.,  Ohio  Oil  Co.,  Findlay,  Ohio. 

Harris,  J.  W.,  Research  Chem.,  Western  Electric  Co.,  Inc., 

463  West  St.,  New  York,  N.  Y. 

HuNOSLMANN,  ARTHUR Chief  Metallographist,  Illinois  Steel  Co.,   Gary,  Ind. 

KiRTLKT,  Charles  A..  U.  S.  N.  R.  F.,  Bureau  of  Navigation,  Washington,  D.  C. 
Lasier,  E.  L.,  Materials  Engr.,  Bureau  of  Construction  &  Repair,  U.  S.  Navy, 

Navy  Dept.,  Washington,  D.  C. 
LxrwTSy  Frank  E.,  Min.  Engr.,  Cananea  Cons.  Copper  Co^  Cananea,  Sonora,  Mex. 
McDotTOALL,  Donald  Hugh,  Pres.,  Nova  Scotia  Steel  &  Coal  Co.  Ltd., 

New  Glasgow,  Nova  Scotia,  Canada. 

McKa7,    G.  S *. Townsend.    Mont. 

M  ATHSR,  KiRTLEY  F Prof .  of  Gcol.,   Dcuison  University.  Granville,  Ohio. 

Nabssbiua,  Tomotoshi,  Min.  Engr.,  Sado  Mine,  Mitsubishi  Co.,  Sado-gun, 

Niigataken,  Japan. 
Heed,  Stalker  E.,  Asst.  Supt.,  Ojuela  Mines,  Cia.  Minera  de  Penoles, 

Ojuela,  Durango,  Mexico. 

RooBRS,  R  B Supt.,  Northwest  Magnesite  Co.,  Chewelah,  Wash. 

ScHXJBSi^QER,  William  A.,  Vice-pres.,  The  Radium  G).  of  Colorado,  Denver,  Colo. 
g^AT-T.-BTTj  Oliver,  Met.  &  Chem.,  Laboratory,  Messrs.  Sir  W.  G.  Armstrong 

Whitworth  Co^  Ltd.,  Water  St.,  Newcastle-on-TVne,  EIneland. 

Van  Gundt,  Jay  E.,  Min.  Engr.  &  Operator PhiUpsburg,  Mont. 

Warrkn^j  Wesley  W.,  Cons.  Engr.,  Alaska  British  Columbia  Metals  Co., 

228  Pemberton  Bldg.,  Victoria,  B.  C,  Canada. 

WsiRf  J-  ^ Mine  Supt.,  Ozark  Smelt.  &  Min.  Co.,  Magdalena,  New  Mexico. 

WtL&orr,  John  Calvin,  Min.  Engr.,  Cornucopia  Mines  Co.,  Cornucopia,  Baker  Co.,  Ore. 
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Aasociales 

Berliner,  £.  £ Michigan  Smelt.  &  Refin.  Ck).,  Detroit,  MicL 

BoHNBR,  Carl  M Met.,  Illinois  Steel  Co.,  Gary,  Ind. 

Cooke,  Hamilton  Jr.,  Member,  Met.  &  Testing  Staff,  Timber  Butte  MilL  0>., 

Butte,  MoDi 
EfiTBS,  C.  H.,  Standard  Practice  Dept.,  American  Manganese  Steel  Co., 

91  W.  15th  St.,  Chicago  Heiffhte.  DL 

HsRREROs,  P.  Hector Supt.,  Las  Vacas  Gold  Mine,  Aconcagua,  Chue,  8.  A. 

Layelle,  Thomas  A.,  Pres.  A  Gen'l  Mgr.,  Indianapolis  Brass  Co., 

1012  £.  Michigan  St.,  Indianapolis,  Ind. 
Mayer,  D.  O.  db  Lima,  Testing  £ngr.,  Cananea  Cons.  Copper  Co., 

•  Cananea,  Sonora,  Mexico. 

North,  Donald  Fulton,  Min.  £ngr.,  Davis  Coal  &  Coke  Co.,  Box  544, 

Thomas,  W.  Va 

Junior  Associates 

BuRWBLL,    Blair Student,   Colorado   School   of   Mines,   Golden,  Cola 

Fried,  J.  S.,  Student,  Pennsylvania  State  College,     Box  602,  State  College,  Pi 

King,  Kenneth  V Student,  University  of  California.  Box  57,  Berkeley,  Gal. 

KiNTz,   G.   Morton Student,   Colorado  School  or   Mines,   Golden,  Colo. 

Klingaman,   George  Lerot,  Student,   University  of  California,   Berkeley,  Oil. 

Lee,  Lemm  Ping 32  Gage  St.,  Hong  Kong,  China. 

Levinos,  W.  S Student,  Colorado  School  of  Mines,  Golckn,  Colo. 

Li,  Hni  Kwang,  Chief  £n^r.,  Zaing  Min.  Co., 

49  Sia  Loh  Pu  Kia,  Lin  Qui  Doo,  Changsha,  Hunan,  Chisa. 

Ornelas,  £rnesto Student,  Colorado  School  of  Mmes,  Golden,  Colo. 

Scofield,  Lloyd  M Student,  University  of  Wisconsin,  Madison,  Wis. 

Simon,   Maurice Pennsylvania  State  College,  Box  602,  State  College,  Pa. 

Treadwell,  W.  A.,  Jr Student,  Colorado  School  of  Mines,  Golden,  Cokx 

Waidlich,  Donald  C,  Student.  Pennsylvania  State  College,  State  College,  Fl 
Waldbchmidt,  William  A.,  Stuaent,  South  Dakota  School  of  Mines, 

Rapid  aty.  So.  Ddt 

Werba.  £dward  Oliver Student,  University  of  Wisconsin,  Madison,  Wis. 

Woo,  y.  D.^ Student^  Colorado  School  of  Mines,  Golden,  Oola 

Woodlief,  Harold  £.,  Student,  Michigan  College  of  Mines,   Houghton,  MieL 

Total  Membership,  Mar.  10,  1919 7848 

Change  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received 
at  the  Secretary's  office  during  the  period  Feb.  10, 1919,  to  Mar.  10, 1919. 

This  list  together  with  the  list  published  in  Bulletins  No.  133  to  146, 
January,  1918,  to  February,  1919,  and  the  foregoing  list  of  new  members, 
therefore,  supplements  the  annual  list  of  members  corrected  to  Jan.  1, 
1918,  and  brings  it  up  to  the  date  of  Mar.  10,  1919. 

Aldrich,  T.  H.,  Jr 1429  33d  St.,  N.,  Birmingham,  Ak. 

AuAGA,  M.  Carlos Casilla  de  correo  313,  La  Fto,  BofiTiB. 

Allbn,  C.  a..  Wooden  Ship  Construction,  Sanderson  &  Porter,  Raymond,  Washington' 

Allen,   L.    M.,  Jr Box  815,   Globe,  Arii- 

Alyarez,    Pedro Ovalle,    Coquimbo,    Chile.    S.    A 

Amidon,  Claude  E 40  Block  F,  Pueblo^  Cofc). 

Ball,  Tom  Lee Box  100,  Biiami,  Arii 

Barbour,  Percy  E.,  Min.  Engr.,  Asst.  Sec'y»  American  Institute  of  Min.  Knginwgir 

29  West  39th  St.,  New  York,  N.  Y. 

Barker,  R.  F Tacoma  Smelter,  Tacoma,  Waalungtoa 

Batchellor,   Stillman Box  242,   Healdsbui^  CaL 

Bates,  Mowry 1st  National  Bank  Bldg.,  Tulsa,  Okia.. 

Batten,  H.  L.,  Cons.  Mining  &  Smelt.  Co.  of  Canada,  Ltd.,  Rossland,  B.  C,  C^aii>*| 
Beck,  Howard  A 3823  Newton  St.,  Denver,  Cofei' 
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Bbbo,  Hasxon  a.,  Afist.  Supt.,  Carnegie  Steel  Co..  Rankin,  Braddock  P.  O.,  Pa. 
Bbsouhxiiibr,  D.  D.,  Asst.  Technical  Editor,  The  Chemical  Catalog  Co., 

1  Madison  Ave.,  New  York,  N.  Y. 

Bebrt,  Edwin  S Room  708,  111  Broadway,  New  York,  N.  Y. 

Blaib,  Albert  E Apartado  2313,  Mexico,  D.  F.,  Mexico. 

Boyd,  Jbbsb  Taylor,  The  New  Jersey  Zinc  Co.,  160  Front  St.,  New  York,  N.  Y. 
Boyd,  Julian,  Major,  Australian  Imperial  Force,  74  Upper  Gloucester  PL, 

Dorset  Sq.,  London.  W.,  England. 
Bradley,  O.  U.,  U.  S.  Oil  &  Gas  Inspector,  Dept.  of  Interior,  Room  410, 

Federal  Bldg.,  Muskogee,  Okla. 

Brigstockb,  Robert  W 7  Wellington  St.,  Kingston,  Ont.,  Canada. 

Brock,  Charles 350  West  55th  Street,  New  York,  N.  Y. 

Brooks,  Floyd  R Box  28,  Black  Lake,  Quebec,  Canada. 

Bruns,  C.  L.,  Jr 601  West  160th  St.,  New  York,  N.  Y. 

Buchanan,  Jerome  R.,  Mgr.,  Homestead-Iron  Dyke  Mines  Co.,  Homestead,  Oregon. 
Burroughs,  A.  H.,  Jr.,  Ensign,  U.  S.  Naval  Reserve  Forces,  Nitrate  Section, 

Bureau  of  Ordnance,  Room  3224,  New  Navy  Bldg., 
17th  &  B.  Street,  N.  W.,  Washington,  D.  C. 
Butcher,  F.  E.,  Vice-pres.  &  Gen'l  Mgr.,  Dominion  Co..  Adams  Bldg.,  iSmville,  111. 
Cacerab,  Fedbrico  Garcia,  Met.  Engr.,  Compania  Gallofa-Consolidada, 

De  Colquechaca,  Bolivia,  S.  A. 
C alder,  Norman  L.,  Care  Miss  L.  Calder,  Box  2155, 

Johannesburg,  Transvaal,  So.  Africa. 
Callaway,  S.  D^^  Choctaw  Engineering  Co.,  9-10  Patrick  Bldg.,  Poteau,  Okla. 
Campbell,  John  Hayes,  Chem.  Engr.,  Robert  W.  Hunt  &  Co., 

2200, 175  W.  Jackson  St.,  Chicago,  111. 

Caron,    M.    H Antlershotel,    Colorado    Springs,    Colo. 

Carpenter,  Murel  Edward,  Geol.  Pet.  Roxana  Petroleum  Co., 

Box  82.  Mineral  Wells,  Texas. 

Chang,  Ming-Yi Livingston  Hall,  Columbia  Univ.,  N.  Y. 

Chase,   F.   D.  . : Dedham   Ave.,    Dedham,    Mass. 

Chen,  Chung- yanq 716  Livingston  Hall,  Columbia  Univ.,  New  York,  N.  Y. 

Christensen,  H.  L Christensen  Motor  Co.,  Globe,  Ariz. 

Cleaveland,   Earl  C Mgr.,    Dead  wood   Min.   Co.,    M(^ollon,   N.    M. 

CoppiN,  William  C Vice-pres.,  BlaW-Knox  Co.,  Box  915,  Httsburgh,  Pa. 

Cook,    Paul    R RoUa,    Mo. 

Corbet,  Edward  B 827  Mclntyre  Bldg.,  Salt  Lake  City,  Utah. 

CoupAL,  J.  S .Technology  Club,  17  Gramercy  Park,  New  York,  N.  Y. 

CuLLUM,    J.    Barlow East   Drive,    Sewickley,    Pa. 

Davibs,    R.    G Box    204,    Oatman,    Ariz. 

Db   Camp,   W.   V.,   Min.  Engr Box  462,  Edgewater,  New  Jersey. 

DeWitt,   Charles  Wilson Care   American   Consulate,   Irkutsk,   Siberia. 

Dickson,  Walter  S.,  Engr.,  Public  Works,  Reconstruction  Commission  of  the  State 

of  New  York,  Hall  of  Records,  New  York,  N.  Y. 

Dudley,    Harry    C 704    Lonsdale    Bldg.,    Duluth,    Minn. 

Dunn,  David  L.,  Central  Coal  &  Coke  Co.,  409  West  Euclid,  Pittsburg,  Kansas. 

£mbrson,  Edward  H General  Chemical  Co.,  25  Broad  St..  New  York,  N.  Y. 

Fischer,  Siegpried,  Jr 4533  Ed^eware  Roaa,  San  Diego,  Cal. 

Forbes,  Carroll  R Missoun  School  of  Mines,  RoUa,  Mo. 

Forbes,  Paul  R 712  Prospect  Ave.,  El  Paso,  Texas. 

Fox,   Alpred,  Jr 39  Aldermanbury,  London,  E.  C,  England. 

French,  R.  W Dept.  of  La  Union,  San  Sebastian,  Salvador,  C.  A. 

Gaby,  Walter  E Box  569,  Santa  Rita^  N.  Mex. 

Gaebblein,  Paul  W 17  West  Nintah  St.,  Colorado  Sprmgs,  Colo. 

Gell,  Philip  L Room  409,  275  Broadway,  New  York,  N.  Y. 

GiLMAN,  F.  L.,  European  Gen'l  Supt.,  Western  Electric  Co.,  Ltd.,  Norfolk  House, 

■  Victoria  Embankment,  London,  W.  C,  England. 

Gi'iDDBN,  J.  T Malecon  Osma,  Barranco,  Peru,  S.  A. 

Gore,    Bancroft 148    State    St.,    Boston,    Mass. 

Grailam,  Stanley  N 136  Bagot  St.,  Kingston,  Ont.,  Canada. 

Grsenidob,  Samuel  M LeadviUe  Mining  Co.,  Courtland,  Ariz. 

Hall,  Mortimer  L.,  Research  Chem.,  Electro-zinc  Plant,  U.  S.  Smelt., 

Refin.  &  Min.  Co^  Kennett,  Shasta  Co.,  Cal. 
Hajtley,  Herbert  R.,  Supt.,  Electrolytic  Zinc  Plant,  U.  S.  Smelt., 

Kefin.  &  Min.  Co.,  Kennett,  Cal. 
Hai«8en,  K.  F American  Zinc  A  Chemical  Co.,  Langeloth,  Pa. 
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Habroun,    Douglas   Houghton 1531    Scenic   Ave.,    Berkeley,   CbL 

Hart,   Ray   W .Box    730,    Jerome,  Aiii. 

Hartlbt,  Burton 105  Hakted  St.,  East  Oraiu^e,  N.  J. 

Havlin,  T.  N Capt.,  105th  Ordnance  Depot,  Camp  Lee,  Petersbuig,  Va. 

Hay,    Henry 149   South   Kingsley^   Dr.,   Los   Angeles,  Cal. 

Hedley,  Robert  R Marv  Reynolds  Mme,  Nicola,  B.  C.,  Canada. 

Herr,  Lauriston  B.,  Jr.,  Min.  Engr.,  Wharton  Steel  Co.,  Box  346,  Dover,  N.  J. 

Hinds,    Joel  H U.    S.   Army. 

HoLZHAUE£L  WiLLiAM,    Met.   Dcot.,  Aluminum  Castings   Co^  Cleveland,  (Mo. 

Hooker,  Walter Lieut.,  272d  Railway  Engrs.,  E.  E.  Force,  Egypt. 

Hover,  D.  L.  C,  American  Smelt.  &  Refin.  Co.,  Monterrey  Plant, 

Apartado  101,  Monterrey,  N.  L.,  Mexico. 

Hubbard,  William  E Humble  Oil  Co.,  Cisco,  Texas. 

Hughes,  Wilson  W Care  Lloyd's  Bank,  Fowey,  Cornwall,  Eogland. 

Hunter,  Charles,  Gen'l  Mgr.,  The  Campbeltown  Coal  Co.,  Ar^ll  Colliery, 

Campbeltown,  Aust. 

HuRUM,  Fredrik  J.  O Claverly  Hall,  Cambridge,  Maaa. 

Inolis,  J.  F Harmony  Mines  Co.,  Baker,  Idaho. 

loNiDES,  S.  A 1027  First  National  Bank  Bldg.,  Denver,  Gok 

Irwin,  David  D Min.  Engr.,  Phelps  Dodge  Corpn.,  Douglas,  Am. 

James,  Floyd  D Ensign,  U.  S.  Submarine  Base,  New  London,  Conn. 

Jardine,  F.  M Plant  Engr.,  Butte  &  Superior  Co.,  Butte,  Mont 

Josephs,   Irving   S 400  Riverside   Drive,   New   York,   N.  Y. 

JosEY,    R.    A Box    698,    Yale.    Okla. 

JuDD,  Edward  K.,  Min.  E^gr.,  American  Metal  Co.,  61  Broadway^ New  York,  N.  Y. 

Kamiyama,  Tatsuzo 24  Yojomachi,  Utsunomiya  City,  Tochigiken,  Jaz»ZL 

Keene,  Amor  F Room  1100,  42  Broadway,  New  York,  N.  Y. 

Keiller,  Alexander  G Apartado  160,  San  Jose,  Costa  Rica,  C.  A 

KoROTKiN,  William 398  Elmhurst  Ave.,  Highland  Park,  Mich. 

KosicKi,  WiTOLD Box  278,  Mass.  Institute  of  Technology,  Cambridge,  Bdass. 

Kraft,  Philip,  Jr Room  1809,  43  Exchange  Place,  New  York,  N.  Y. 

Krobger,  H.  B R,  F.  D.  30,  Stamford,  Coon. 

Landfield,  J.  B.,  Russian  Economic  League,  1478  Woolworth  Bldg.,  New  York^  N.  Y. 

Lane,  Alfred  C 12  Rue  d' Aguesseau,  Paris,  r  ranoe. 

Lang,  S.  S Supt.,  Colby  &  Ironton  Mines,  Bessemer,  Mich. 

Lawshe,  Verner  T.,  Chem.  Engr.,  Wyoming  Chemical  Co., 

Coal  Exchange  Bldg.,  Wilkesbarre,  Pa. 
Levison,  S.  H.,  American  Smelt.  &  Refin.  Co.,  Apartado  63. 

Chinuahua,  Chih.,  Mexico. 

Long,  Leon  R Cerro  de  Pasco  Copper  Corpn.,  Cerro  de  Pasco,  P^ii. 

Luerssen,  George  V Met.  Dept..  Tne  Carpenter  Steel  Co.,  Reading,  Pa. 

McCoNNELL,  Robert  E.,  Lieut.,  U.  S.  Naval  Headquarters,  4  Plas  de  Jena, 

Paris,  France. 

MgCrodan,  Byron  A 218  Church  St.,  Belleville,  Ont.,  Canada. 

McCrorken,  Eugene  P.,  Engrg,  &  Mining  Journal,  36th  St.  &  10th  Ave., 

New  York,  N.Y. 

McKaig,  J.  S New  Jersey  Zinc  Co.,  160  Front  St.,  New  York,  N.  Y. 

McNely,  E.  J 2233  Bandy  Ave^,  Granite  Qty,  BL 

MacDonald,  Bernard Apt.  85,  Parral,  Chihuahua,  Mexioa 

MacDowell,  Charles  H.,  Pres.,  Armour  Fertilizer  Works,  Union  Stock  Y'ards, 

Chicago,  111. 
Macfeb,  Robert,  Care  Union  Bank  of  Manchester.  Swan  St.,  Manchester,  Eng^d. 
MacKay,  Henry  S.,  The  Electrolytic  Copper  Cck.  Ltd.,  Avoca  Co.  Wicklow,  Ireland. 
Macomb,  J.  de  N.,  Office  Engr.,  The  Atchison.  Topeka  &  Santa  Fe  Ry.  Co., 

1033  Railway  Exchange  Bldg.,  Chicago^  SL 
Mann,  W.  S.,  Chief  Engr.,  Missabe  Range  Dept.,  Republic  Iron  &  Steel  Co., 

Box  117,  Gilbert,  Minn. 
Marshall,  Stuart  B.,  Cons.  Engr.  &  Met.,  Commercial  National  Bank, 

G  &  14th  St^  N.  W;,  Washington,  D,  C. 

Mather,  T.  W Asst.  Gen'l  Mgr^  Cerro  de  Pasco  CSopper  Corpn.,  Ofoyaj  Peru. 

Meier,  A.  J A.  J.  Meier  &  Co.,  1903  Boatman's  Bk.  Bldg.,  St.  Louis,  Mo. 

Melitzer,  Samuel. 246  Rivin|5ton  St.,  New  York,  N.  Y. 

Merritt,  W.  E Calco  Chemical  Co.  Bound  Brook,  N.  J. 

Meyerovitch,  J.  A.,  Vice-pres.,  Youroveta  Home  &  Foreign  Trade  Co.,  Inc., 

166  Broadway^New  York,  N.  Y. 
Miller,  Walter  B Gen'  IMgr.,  Kentucky  King  Coal  Co.,  Wallins  Creek,  Ky. 
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Mitchell.  J.  Macdonald W.  R  Grace  &  Co.,  La  Paz,  Bolivia. 

MooBEy  £lwood  S.,  Dean,  Prof,  of  Geol.,  School  of  Mines, 

Penn.  State  College,  State  College,  Pa. 

Morrison,  Harold  A.,  Sales  Engr.,  Oliver  Continuous  Filter  Co.,  ^ 

299  Madison  Ave.,  New  Tork,  N.  Y. 

MoTJLTON,  H.  G. . . : 14  Wall  Street,  New  York,  N.  Y. 

Murray,  Henbt  T 3707  Oxford  Street,  El  Paso,  Texas. 

Naramore,  Chester,  Union  Petroleum  Co.,  940  Widener  Bldg.,  Philadelphia,  Pa. 

NisHiHARA,  G.  S Kuhaha  Mining  .Co.,  Tokio,  Japan. 

NoRRis,  R.  Van  A^Jr 2d  Lieut.,  U.  S.  Engrs.,  A.  P.  O.  767,  A.  E.  F.,  France. 

Faddison,  L.  F.,  The  Sunn3r8ide  Min.  &  Mill.  Co.,  Eureka.  San  Juan  Co.,  Colo. 

Paqliuchi.  Frank  D.,  Min.  Engr.,  1130  Title  Insurance  Bldg.,  Los  Angeles,  Cal. 

Patmal,  George  W 159  S.  Los  Robles  Ave.,  Pasadena^  Cal. 

Peirce,  Edwin  H Supt.,  American  Steel  &  Wire  Co.,  New  Haven,  Conn. 

Peters,  Richard,  Jr.,  Representative,  Rogers,  Brown  &  Co.,  1000  Morris  Bldg-., 

Philadelphia,  Pa. 

Pfoutz,  Charles  Yale  . .  Met.  Engr^  Magna  Plant.  Utah  Copper  Co^  Magna,  Utah. 

Pillow,  Albert  E.,  Engr.,  Societe  Beige  Industrielle  et  Miniere  du  Katanga, 

Elisabethville,  Katanga,  Congo  Beige,  So.  Africa. 

Plate,    H.    Robinson Sheepranch,    Cal. 

Plumb,  E.  T Cumberland  Pipe  Line  Co.,  Winchester,  Ky. 

PoLHEMUs,  J.  H.,  Asst.  Mines  Mgr.,  The  New  Jersey  Zinc.  Co., 

160  Front  Street,  New  York,  N.  Y. 

Pommerantz,  K Santiago,  Chile,  S.  A. 

PouLSEN,  Maqnus,  Chief  Engr.,  Societe  Beige  Industrielle  et  Miniere  du  Katanga, 

Simkat,  Elisabethville,  Katanga,  Congo  Beige,  Via  Capetown. 

Ralston.  W.  C Room  1201,  26  Broad  Street,  New  York,  N.  Y. 

Reber,  Bertram  A.,  Min.  Engr.,  Cascade  Silver  Mine  &  Mill  Co.,  Neihart,  Mont. 

Rhoades,  R.  S.,  Douglas  &  Rhosules,  Pet.  Geologists,  814-16 

Dan  Waggoner  Bldg^  Fort  Worth,  Texas. 

Richards,  Edwin  R 626  Kensington  Ave.,  Salt  Lake  City,  Utah. 

Roberts,  Dudley  E 18  Pleasant  St.,  Stamfora,  Conn. 

Robertson,  Jasper  T Room  1108,  Hobart  Bids.,  San  Francisco,  Cal. 

Robinson,  Burr  A U.  S.  Rubber  Co.,  1790  Broadwav.  New  York,  N.  Y. 

RoBiTAiLLE,  A.  Edmond,  American  Exchange  National  Bank  Blag.,  Dallas,  Texas. 

Rockwell,  Harrt  M International  Smelting  Co.,  Tooele,  Utah. 

RoESLER,   Max U.   S.   Geol.   Survey,  Washington,   D.   C. 

Roger,  Eugene Nessonvant,  Province  de  liege,  Belgium. 

Rosenblatt,  Girard  B.j  Westinghouse  Electric  &  Mfg.  Co., 

1212  Walker  Bank  Bldg.,  Salt  Lake  City,  Utah. 

Row  and,  Lewis  G New  Jersey  Zinc  Co.,  160  Front  St.,  New  York,  N.  Y. 

Rusterholz,  Rudolph  W.,  Capt.,  American  Commission  to  Negotiate  Peace. 

63  Ave  Montaigne,  Paris,  France. 
Sanchez,  Richard  M.,  The  Alvarado  Min.  &  Mill.  Co.,  Parral.  Chihuahua,  Mexico. 

ScHEURER,  L.  R North  Georgia  Agricultural  College,  Dahlonega,  Ga. 

Scott,  Herbert  K 46  Queen  Victoria  St.,  London,  E.  C,  England. 

SsMMEB,  D.  R.,  Cons.  Geol.,  47  Petroleum  Bldg.,  303  Main  St.,  Fort  Worth,  Texas. 

Sharp,  Wiluam Wingfield  Outside  Properties,  Box  1306,  Goldfield.  Nevada. 

Sharples,  S.  P 22  Concord  Ave.,  Cambridge.  Mass. 

Sberbt,  Homer  K Asbestos,  Que.,  Canada. 

Shumway,  Ralph  W Mine  Supt.,  Manufacturers  Coal  &  Coke  Co.,  Hellier,  Ky. 

Shurick,  Adam  T Forest  Hill  Inn,  Forest  Hill,  L.  I. 

Sikbenthal,  W.  a Penn  Iron  Min.  Co.,  Vulcan,  Mich. 

SmaXiL,  Walter  M Box  1830,  Tulsa,  Okla. 

Smith,  Frank  A 279  10th  Street,  San  Pedro,  CaL 

Smtth,  John  G.,  Mgr.,  Elkhom  Div.,  The  Consolidation  Coal  Co.,  Jenkins, 

Letcher  Co.,  Ky. 
SoMERS,  Ransom  E.,  306  State  Hall,  Grant  Blvd.  &  O'Hara  St.,  Pittsburgh,  Pa. 
SopEB,  E.  K,  Geol.,  Trinidad  Petroleum  Development  Co.,  Box  176. 

Port  of  Spain,  Trinidad,  B.  W.  I. 

SoPER,  Ralph  H Box  176,  Port  of  Spain,  Trinidad,  B.  W.  I. 

SpBi<rcsR,  Frank  N.,  Asst.  Gen'l  Mgr.,  The  New  Jersey  Zinc  Co., 

160  Front  St.,  New  York,  N.  Y. 

Stanfibld,  Theodore 126  W.  74th  St.,  New  York,  N.  Y. 

STAMI.ET,  Frank  A East  Auburn,  Cal. 

Stapi^xe,  Jambb  B Instructed  to  hold  everything. 
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Stein,  Paul American  Smelt.  &  Refin.  Co.,  Hayden,  Am. 

Stephbnbon,  F.  L 515  Delaware  Ave.,  Bethlehem,  Pk. 

Stewart,  Leiqrton 42  Broadway,  New  York,  N.  Y. 

Stineb,  NqfiMAN  C,  Cons.  Engr.  to  Riusian  and  English  Bank, 

2  Moorgate  Street,  E.  C.  2,  London,  England. 

Strout,  Ernest  A 405  South  \an  Ness  Ave.,  Los  Ancdes,  CaL 

Stromberq,  Oscar Box  24,  Brooklyn,  N.  Y. 

Thompson,  Percy  W Richmond  Petroleum  Co.,  Meeker,  Colo. 

Thompson,  Warren  D Chile  Exploration  Co.,  Chuquicamata,  Chile,  &  K. 

Thurston,  E.  CoppAe Koom  708.  Ill  Broadway,  New  York,  X.  Y. 

Turner,  Scott,  Mining  Corpn.  of  Canada,  1511  Bank  of  Hamifton  Bldg., 

Toronto,  Ont,  Canada. 
Udden,  Jon  A.,  Chief  Geol.,  Sinclair  Gulf  Oil  Co^  Room  409, 

Burk  Burnett  Bldg.,  Fort  Worth,  Texas. 
Vahrenkamp,  Frederick  H.  . . . Vahrenkamp  A  Elder,  Coarsegold,  Madera O).,  CaL 

Van  Winkle,  C.  T Min.  &  Met.  Engr.,  Dooly  Block^lt  Lake  Qty,  Utah. 

Vbnancourt,  de  Cornette 7,  Rue  Duperre,  Pans,  France. 

VooRHEES,  I^EDERicK  A.,  Bacis  G.  &  S.  Min.  Co.,  Ltd.,  Apt.  80,  Mazatlan, 

Sinaloa,Mex. 

Wakab AYAsm,  Yaichiro Mitsu  Seitetau  Kaisha,  Marunouchi,  Tokyo,  Japan. 

Wanviq,  John  D.,  Jr Supt.,  Orizaba  Mine,  Box  617,  Glendale,  Arii. 

Wbllman,  S.  T 1878  East  90th  St.,  Cleveland,  Ohio. 

Weston,  Charles  V.,  Care  Market  Street  Elevated  Railway  Co., 

69th  &  Market  Sts.,  Upper  Darbv,  Delaware  County,  Fa- 

White,  Joseph  L Sujpt.,  Bluebell  Mine,  Mayer,  Aiii. 

Whitfeld,  H.  E Univ.  of  Western  Australia,  Perth,  W.  Aust. 

WiLUAMS,  Charles  F Mansfield,  Ohio. 

Williams,  Robert  Y Gen'l  Supt.,  The  Hudson  Coal  Co.,  Scranton,  Fl 

Wilkin,  Garratt  S.,  Mine  Mgr.,  Moscow  Min.  &  Mill.  Co., 

462  10th  East  St.,  Salt  I^ke  Citv,  Utah. 

Wilmot,  H.  C 32  West  40th  Street,  New  York,  N.  Y. 

Winchbll,  Horace  V.,  1212  First  National-Soo  Line  Bldg.,  Minneapolis,  Minn. 
Wirshing,  Herbert,  Mgr.,  Gasoline  Dept.,  Hull  &  Bradstreet, 

802  Cosden  Bldg.,  Tulsa,  Okla. 

Witt,  Herbert  N Carson  City.  Nevada. 

WoLVBRTON,  F.  M Student,  Univ.  of  Wisconsin,  Madison.  Wisoooflin. 

WooLP,  Wallace  G Box  451,  Kellogg,  Idaha 

Wormser,  Feldc  E 100  West  91  St.,  New  Yortc,  N.  Y. 

Wright,  Louis  A 61  Broadway,  New  York,  N.  Y. 

Yeatman,  Pope Room  708,  111  Broadway,  New  York,  N.  Y. 

Yen,  Chuang Care  Mr.  Toran  Li,  Conser\'ancy  Engrg.  College,  China. 

YosHiWARA,  Shioetake,  32  Aoyama-Minami-Cho,  Nichome,  Akasaka,  Tokyo,  Japan. 
Zang,  Adolph  F.,  Vice-pres.,  The  Vindicator  Cons.  Gold  Min.  Co., 

314  American  Bank  &  Trust  Co.  Bldg.,  Denver,  Colo. 

Members'  Addresses  Wanted 

Name.  Last  address  of  Record  from  which  Mail  has  been  returned. 

Armstrong,  E.  W Mina  Bibilonia,  La  Libertad,  Nicaragua,  C.  A* 

Bacon,   Maurice  W 726  Old  National  Bank  Building,  Spokane,  Waflk. 

Bird,    Frank    H Butler    HoteL    Seattle,    Wash. 

Blanchard,   Ralph  C 3  Lombard  St.,  London,  fkigland. 

BoYER,    Samuel  L San    Francisco,  CaL 

Breeding,    F.   O Eden   Min.   Co.,    Bluefields.   Nicaragua. 

Detert,    William  F Jackson,  Amaaor  Ca,  Oal. 

Herr,    J.    Campbell Box   556,    State   College,  Pa. 

Hutchinson,  J.  W Goldfield  Cons.  Mines  Co.,  Goldfield,  Ner. 

Kammerer,    Charles Box   412,    &m   Francisco,  CaL 

Kat,   David  Nelson Ray  Cons.   Copper  Co.,   Hayden,  Azit. 

King,  Frank  E Hotel  Breslin,  New  York,  N.  Y. 

Kleesattel,    Richard 911    White   Bldg.,   Seattle,   Wash. 

Klugescheid,  Walter  P 616  W.  113th  St.,  New  York,  N.  Y. 

MuiR,  T.  K 309  Trust  &  Savings  Bank  Bldg.,  Los  Anfteles,  OaL 

Nahl,  a.  C 1079  Monadnock  Bldg.,  San  FnuuSaoo,  Cal. 

SncKNEY,  William  H 708  N.  Center  St.,  Reno,  Xcv. 
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Tapun,  Thomas  J.,  Jr 16  Lordship  Park,  London  N.  16,  Ensland. 

TiNQLBT,  T.  W Beutree,  W.  Va. 

Treat,  Llotd  B.,  Canadian  Ingersoll-Rand  Co.,  Bank  of  Toronto  Bldg., 

Montreal,  Canada. 

Wong,  Yin  Charlss Rolla,  Mo. 

Woo,  W.  K M  70  Sing  Kong  li,  Minghong  Road,  Shanghai,  China. 

Necrologt 

(8m  also  "  Died  in  Swioe  ") 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  month  Feb.  10,  1919,  to  Mar.  10,  1919. 

Date  of 

Election.  Name.                                                            Date  of  Death. 

1887       Boorabm,  Robert  E Sept.  21,  1918. 

1917       Carusle,  Stanley  B Oct.    24,  1918. 

1916  Chen,  Fan Nov.  17,  1918. 

1917  CoNOVBR,  C.  C Nov.  7,    1918. 

Daly,  David  R .  — ,  1918. 

Candidates  for  Membership 

Appucation  for  MEMBERsmp. — The  Institute  desires  to  extend  its  privileges  to 
every  person  to  whom  it  can  be  of  service.  On  the  other  hand,  it  is  not  desirable 
that  persons  should  be  admitted  to  membership  in  classes  for  which  they  are  not  quah- 
fied.  Members  of  the  Institute  can  be  of  great  service  if  they  will  make  a  practice  of 
glancing  through  the  list  of  applicants  and  promptly  notifying  the  Committee  on 
Membership^  or  the  Secretary  of  the  Institute,  of  any  persons  whom  they  think  should 
not  be  classified  in  accordance  with  the  Ust  given. 

Applications  Lacking  Endorsement 

Application  for  membership  has  been  received  from  Mr.  Brink, 
whose  record  is  given  below.  This  application  lacks  the  necessary 
number  of  endorsers,  but  since  this  candidate  lives  at  some  distance  from 
the  headquarters  of  the  Institute,  his  record  is  published  here  in  order 
that  any  members  who  are  acquainted  with  him  may  be  advised  of  the 
circumstances  and  may  have  an  opportunity  of  writing  to  the  Secretary 
endorsing  this  candidate. 

Members 

Cyril  Gordon  Brink,    Transvaal,  So.  Africa. 

Bom  1889,  Grahamstown,  So.  Africa.  1900-05,  High  School.  1906-07,  St. 
Andrews  School.  1908-09,  Chem^  Rhodes  Univ.,  Grahamstown.  1910-15,  In  Re- 
duction Wks.,  Norse  Gold  Mines^  Ltd.,  Johannesburg.  1915-17,  Leading  Shiftsman, 
and  in  chg.  of  reduction  wks.,  Fairview  eold  mine,  Transvaal  Cons.  Mines. 

Present  position — 1917  to  date:  Reduction  Officer,  Fairview  Devonian  Montrose 
Gold  Mines,  Ltd. 

The  following  persons  have  been  proposed  during  the  period  Feb.  10, 
1919,  to  Mar.  10,  1919,  for  election  as  members  of  the  Institute.  Their 
names  are  published  for  the  information  of  Members  and  Associates, 
from  whom  the  Committee  on  Membership  earnestly  invites  confidential 
communications,  favorable  or  unfavorable,  concerning  these  candidates. 
A  sufficient  period  (varying  in  the  discretion  of  the  Committee,  accord- 
ing to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 

Benjamin  P.  Affleck,  Chicago.  111. 

Proposed  by  Charles  H.  MacDowell,  C.  C.  W.  Gennett,  Jr.,  L,  V.  Rice. 
Bom  1869,  Belleville,  111.     Grammar  School,  111.     1896-1906,  Salesman  Illinois, 
Steel  Co.     1906-16,  Gen'l  Sales  Agent,  Universal  Portland  Cement  Co. 

Present  position — 1915  to  date:  President,  Universal  Portland  Cemen  Cot. 
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Goodsell  Billings,  Platteville,  Wis. 

Proposed  by  Ralph  £.  Davis,  M.  H.  Newman,  W.  N.  Smith. 

Bora  1887,  Cobb,  Wia.  1905-09.  Univ.  of  Wis.  1906,  Instrument  man,  iron 
exploration  crew,  Hammondville,  N.  Y.,  District,  Oliver  Iron  Min.  Ck>.  1908^ 
Mapping  out,  Oliver  Co.,  Canada.  1909^10,  Miner,  Vinegar  Hill  Zinc  Co.,  Wie. 
1910,  Surveyor,  Vinegar  Hill  Zinc  Co.  1910-11,  Underground  Foreman.  1911  to 
date.  Mine  Supt.,  Vinegar  Hill  Zinc  Co.    Present  position:  Suptl,  Jefferson  Mine. 

Stephen  Eugene  ChiapeUa,  Los  Angeles,  Cal. 

Proposed  by  R.  C.  Higley,  L.  D.  Osborne,  Alvin  B.  Carpenter. 

Bom  1882.  Biloxi,  Miss.  1900-02,  Univ.  of  Southern  Cal.,  Los  Angeles,  Cal. 
1903-04.  Assayer  and  Met.,  Cherokee  Goldfields  Co.,  San  Julian.  Chih.,  Mex.  190i- 
05,  In  Dusiness  in  Los  Angeles,  Cal.  1905,  Field  Repre.,  Ola  El  Rayo  Min.  Co., 
Santa  Barbara,  Chih.,  Mex.  1905-06,  Old  Veta  Colorado  Mm.  &  Smelt.  Co..  P&rrel, 
Chih.,  Mex.  1906,  Mill  and  Cyanide  Foreman,  Guanajuato  Cons.  Min.  &  Mill  Co. 
1907,  Night  Foreman,  Guanajuato  Dev.  Co.     1907-12,  Mill  Foreman,  Aast  Supt, 


Assn.    Present  position:  Not  employed. 

George  Richmond  Delameter,  Steelton^  Pa. 

Proposed  by  W.  L.  Cumings,  Hubert  Merryweather,  C.  A.  Buck. 

Born  1880,  Meadville,  Pa.  1898-99,  Pittsbuivh  Reduction  Co..  New  Kensington, 
Pa.  189^1900,  Draftsman  with  James  Bryan,  Cons.  Enn:.,  Pittsburgh,  Pa.  1901- 
02,  Asst.  Supt.,  Lackawanna  Coal  &  Coke  Co.,  Wehrum,  ra.  1903-06,  Cons.  Engr., 
Pittsburgh,  Pa.  1907-08,  Engr.  in  charge  Coal  Washing  Section,  U.  S.  GeoL  Survey. 
1909,  Supt.  Sunnyside  CoalMin.  Co.,  Strong,  Colo.  1910-11,  Cons.  Engr.,  Denver, 
Colo.     1912-13,  Cons.  Engr.,  Pennsylvania  Crusher  Co. 

Present  position — 1914  to  date:  Asst.  Supt.,  By-product  Coke  Oven  Dept 

Arthur  Erickson,  Midvale,  Utah. 

Proposed  by  E.  H.  Hamilton,  Robert  Wallace,  C.  A.  Lemke 
Bom  1883,  Salt  Lake  City,  Utah.  1899-1900,  Salt  Lake  High  School.  1901-06, 
School  of  Mines,  Univ.  of  Utah,  B.  S.  1906-11,  Mech.  Draftsman,  United  States 
Smelt.  Co.,  Utah.  191 1-12,  Dniftsman.  Smelter,  Mason  Valley  Mines  Co.,  Nevada. 
1912-13,  Draftsman  and  Construction  liigr.,  U.  S.  Smelt.  Co.,  Utah.  1913-19,  Chief 
Draftsman  and  Construction  Engr.,  charge  of  smelter  and  mill  plant,  U.  S.  Smelt  Ca, 
Utah.     Present  position:  Engr.,  U.  S.  Smelt.,  Refin.  &  Min.  Co.,  Utah. 

Oscar  A.  Fischer,  Denver,  Colo. 

Proposed  by  J.  C.  Roberts,  M.  F.  Coolbaugh,  I.  A.  Palmer. 

Bom  1889,  Chicago,  111.  1907-09,  Univ.  of  tlL  1909,  Armour  Institute  of  Tech. 
1910-14.  Colorado  School  of  Mines.  E.  M.  1914-16,  Leasing.  1916,  Sampler.  Tbe 
Goodricn  Lockhart  Co.  1917-18,  Assayer,  Foreman,  Engr.,  The  Goodrich  Lockhart 
Co.     1918,  Cons,  and  experimental  work. 

Present  position:  Experimental  work,  Colorado  School  of  Mines. 

Joseph  P.  Fleming,   Wallingford.   Conn. 

Proposed  by  George  K.  Burgess,  Paul  D.  Meripa,  Henry  M.  Howe. 

Bom  1886,  Wallingford,  Conn.  1912.  Sheffield  Scientific  School,  Yale  Vmv., 
Ph.  B.  1912-13,  Chief  Chem.,  Seamless  Rubber  Co.,  New  Haven,  Conn.  1913-17, 
Chem.  Engr.,  Research  Lab.,  U.  S.  Rubber  Co. 

Present  position — 1917  to  date:  Capt.,  Ord.  Dept.,  U.  S.  Army. 

Arthur  Edward  Flvnn,  Goudreau,  Ont. 

Proposed  by  Hugh  Park,  James  Johnston,  J.  J.  Denny. 

Bom  1890,  London,  England.  1906-08,  Finsbury  Technical  College.  1910-12, 
Royal  School  of  Mines,  A.  R.  S.  M.  D.  L  C.  1909-10,  Asst.  Mech.  Engr^  F.  Redd- 
away  &  Co.  1912-16,  Surveyor  and  Min.  Engr.,  Nipissing  Mines,  Ltd.,  Ont., 
Canada.   1916-18^  Min.  Instructor,  charge  of  Haileybury  school  of  Mines,  Ont. 

Present  position:  Supt.,   Rana   Cons.   Mines. 

Ro  Kuzo  Furuichi,  lyo,  Japan. 

Proposed  by  Tatsuro  Otagawa,  Kenrokn  Ide,  C.  Yabe. 
Bom  1885,  Niigata,  Japan.     1910,  The  Tokyo  Imperial  Univ.     1910-18,  Min. 
Engr.,  Besshi  copper  mine,  Sumitomo  Co. 

Present  position — 1918  to  date:  Mine  Supt.,  Besshi  Copper  Mine,  Sumitomo  0>. 
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Roy  Castle  Greenfield,  Milwaukee,  Wis. 

Proposed  by  Pierre  R.  Hines,  Herbert  C.  Enos,  Joseph  Furlong. 

Bom  1877,  Oil  City,  Pa.  1899-1903,  Rensselaer  Polytechnic  Inst.,  C.  E.  1904r- 
05^  Electrical  Engr..  Inguaran  Min.  Co.,  Inguaran,  Michoacan,  Mex.  1905-07, 
Mm.  Ebigr.,  Trinidaa  Cons.  Min.  Co.,  Toxco,  Guerrero,  Mex.  1908,  Locating  Engr., 
Mexican  Light  &  Power  Co.,  Mexico.  1908-10,  Sales  Engr.,  Allis  Chalmers  Mfg. 
Co^.     1910-14,  Mgr.,  Mexico  City  office. 

Present  position — 1914  to  date:  Sales  Engr.,  Allis  Chalmers  Mfg:  Co. 

Benjamin  G.  Harmon,  Watervliet,  N.  Y. 

Proposed  by  William  K.  Chedsey,  J.  Bums  Read.  Boyd  Dudley,  Jr. 

Bom  1889,  St.  Paul,  Minn.  1906-10,  Minn.  School  of  Min.  and  Met.,  E.  M. 
1910-11,  Min.  Engr.,  Paragon  Cons.  M.  Co.  1911-12,  Supt.,  Orofino  Cons.  M.  Co., 
Idaho.  1912,  Miflman,  Momin^mill,  Federal  Min.  &  Smelt.  Co.  1912-14,  Assayer 
and  *'  '    ^*  "  ."        ^      ^  *-.      «  «      1.    ^        -^--  -►   « 


min. 

Tests,  Ordnance  Dept.  Came^e  Insti.,  Army  Ordnance  Training  School.     1918, 
Engr.   of  Tests,   Inspection   Division,   Ordnance  Dept.,  Symington- Anderson  Co. 
1918,  Engr.  of  Tests,  Mapeo  Division,  Ordnance  Dept.,  Watervliet  Arsenal. 
Present  position — 1918  to  date:  Met.  Engr.,  Watervliet  Arsenal. 

Walter  RoUo  Hibbard,  Bridgeport,  Conn. 

Proposed  by  T.  C.  Merriman,  Charles  Ferry,  W.  H.  Bassett. 

Bom  1885,  Groton,  N.  Y.  1900-03,  Groton  High  School.  1903-04,  Moravian 
Parochial  School.  1904-08,  Syracuse  Univ.,  B.  S.  1908-10,  Instr.  of  Chem.,  Penn. 
Military  College.  1910-13,  Chem.,  Experimental  Station.  1913-16,  Chem.,  Research 
Dept.  1916-17,  Asst.  Gen'l  Foreman,  Paper  Shell  Depts.,  Union  Metallic  Cartridge 
C6.  1917^18,  Chief  Chem.,  charge  of  chem.  lab.,  pnmer  testing  and  storage,  and 
primer  mixture  mixing.  1918,  ReeKsarch  Engr.,  charge  of  chem.  met.  steel  treatment, 
pyrometer,  testing  and  physical  lab. 

Present  position:  Research  Engr.,  Charge  of  Research  Dept. 

Leonhard,  ^rvik  Holmboe,  Ben  Avon,  Pa. 

Proposed  by  W.  Lee  Heidenreich,  W.  A.  Wilson,  J.  C.  Dick.  • 

Bom  1887,  Tromsoe,  Norway.  1907-12,  Univ.  of  Christiania,  M.  E.  1912, 
Cons,  work,  Thor  Lutken,  Christiania,  Norway-     1913,  Surveyor,  Braden  Copper  Co., 


1918,  Erecting  Engr.,  The  General  Combustion  Co.,  Chicago,  111. 
I^^sent  position:  Draftsman,  Jones  &  Co.  Inc.,  Pittsburgh,  Pa. 

Walter  Karri-Davies,  San  Francisco,  Cal. 

Proposed  by  Hennen  Jennings,  T.  A.  Rickard,  William  Wallace  Mein. 

Born  1867,  Adelaide,  Aust.  1878,  North  Adelaide  Gra-nmar  School.  1880, 
Scotch  College,  Australia.  1881-87,  Private  tuition  in  ci\dl  engrg.  and  mech.  draw- 
ing. 1888-89,  Building  water  works.  1890-91,  In  charge  of  buuding  water  works. 
1891-92,  Charge  Karridale  timber  estate.  1893,  Travelled.  1898,  Reported  on  , 
forests  of  Rhodesia.  1899-1901,  Major,  So.  African  War.  1902,  Reportea  on  water 
supplies.  Orange  River  Colony.  1904,  Designed  and  supplied  drawmgs  for  Durban 
hafbor.  1904-07,  Maiia^ed  Moming  Star  diamond  mine.  1908,  TraveUed,  inspected 
mines  in  Africa,  Australia  and.  America. 

Present  position:  Hon.  British  Asst.  Provost  Marshal,  Cal. 

Frederick  Farrington  Kett,  Millboume,  W.  Philadelphia,  Pa. 

Proposed  by  J.  P.  Hutchins,  R.  P.  Tinsley,  Philip  W.  Henry. 

Bom  1882,  Chicago,  111.  189&-99,  Armour  Inst,  of  Tech.,  111.  1899-1903, 
Hoyal  School  of  Mines,  London,  England,  A.  R  S.  M.  1903-06,  Mill  Supt.,  Melones 
Min.  Co.,  Melones,  Cal.  1906-07,  Operating  a  lease,  Atlanta  Claims,  Goldfield, 
Nev.  1908,  Diatoondfield  Black  Butte  property,  Diamondfield.  1909-11,  Works 
Supt.,  Braden  Copper  Co.,  Rancagua,  Cnile.  1911-12,  Gen'l  Mgr.,  Swedish  Iron 
Mines  &  Furnaces,  Ltd.  1912-16,  Supt.,  Agbasar  copper  fields,  Siberia.  1916-18, 
£kigrg.  staff,  American  Intemational  Corpn..  Russia. 

Friesent  position :  Engrg.  Staff,  New  York  Shipbuilding  Corpn. 

Bvan  Gerrit  Lewis,  Anaconda,  Mont. 

Proposed  by  Louis  V.  Bender,  Charles  D.  Demond,  Enoch  A.  Barnard. 
Bom  1889,  Orange  City,  Iowa.     1906-10,  Univ.  of  Idaho,  B.  S.  M.     1911-12, 
Miner,  Hecla  Min.  Co.,  Burke,  Ida.     1912-14,  Assayer,  Atlas  Min.  Co.     1914,  Engr., 
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Atlas  Min.  Co.  1914-15,  Flotation  Operator,  Anaconda  Copper  Min.  Co.  1915, 
Asst.  Testing  Engr.,  Anaconda  Copper  Min.  Co.  1915  to  date,  Chem.,  Anaconda 
Copper  Min.  Co.    Present  position:  Chem.,  Anaconda  Copper  Min.  Co. 

Paocheng  Lu  Ku,  Peking,  China. 

Proposed  by  George  I.  Adams,  Franklin  L.  Barker,  Cheng-Fu  Wang. 

Bom  1890,  Nankmg,  China.     1914,  Pei  Yang  Univ.,  Tientsin,  China,  B.  Sc. 

1915,  Student  Engr.,  blast  furnace  dept.,  iron  &  steel  works.  Hanyang,  Hankan,  China. 
1915-16,  Prospecting  Engr.,  Board  of  Finance,  Chinese  Government.  1917  to  date, 
Min.  Engr.,  Lm  Ho  Ron  coal  mine,  Hunan.  Central  China;  Cons.  £ngi\.  Chinese  Min. 
Engrg.  Agency,  Peking,  China.  Present  position :  Min.  Engr.  and  Cons.  Engr.,  as  above. 

Robert  J.  McKay,  Bayonne,  N.  J. 

Proposed  by  A.  E.  Wells,  G.  E.  Silvester,  P.  J.  0*Gara. 

Bom  1887,  Shushan,  N.  Y.  1906-10,  Butler  College.  1912-13,  Univ.  of  Cal.,  B.  8. 
1905-06,  Strander,  Finisher  and  Asst.  Roller,  Carnegie  Steel  Co.,  Greenville,  Pti. 
1911-12,  Instructor  in  Physics  and  Chem.,  Kalama,  Washington,  High  School 
1912-13,  Asst.  Instructor  in  Engrg.  and  Physics,  Univ.  of  Cal.,  Berkeley,  CaJ.  191^ 
13,  Instructor  in  Mathematics,  San  Francisco  Y.  M.  C.  A.  1913.  Physical  Laboratory 
Asst.,  Cowell  Lime  &  Cement  Co.,  Cowell,  Cal.  1913,  Asst.  Chem.,  Alameda  Sugar 
Co.,  Alvarado,  Cal.  1913-14,  Asst.  Chem.,  Selby  Smelter  Commission,  San  Francisoo, 
Cal.  1915-16,  Asst.  Chem.,  Amer.  Smelt.  &  Refin.  Co.,  Murray,  Ut«h.  1916, 
Chem.,  Smoke  Investigation,  Canadian  Copper  Co.,  Copper  Cliff.  Ont.,  Canada. 

1916,  Chem.  charge  smoke  investigation,  International  Nickel  Co.,  Bayonne,  N.  J. 
Present  position — 1916  to  date:  Supt.  Research  Dept. 

Jesse  George  Newton,  La  Fundicion,  Peru. 

Proposed  by  Stuart  L.  Rawlings,  T.  W.  Mather,  E.  E.  Barker. 

Bom  1886,  San  Antonio,  Tex.  1907,  B.  S.,  Washington  and  Lee  Univ.  1907-15, 
Assayer,  Chem.  and  Asst.  Supt.,  Monterrey,  Velardena  and  Chihuahua  plant  of 
American  Smelt.  &  Refin.  Co.,  Mexico.  1915-17,  Supt.  of  Smelter,  Rio  Tinto  Coppei 
Co. ,  Mexico.  Present  position — 1917  to  date :  Met.  Supt., Cerro  de  Pasco  Copper.Ccffpn- 

Guy  Nicholas  Pfeiffer,  Herrin,  111. 

Propx)8ed  by  C.  H.  McMahon,  Louis  Cohen,  Alfred  W.  Pick. 

Bern  1881,  Centerville,  111.  1901-05^  Colo.  School  of  Mines,  E.  M.  1905,  In- 
structor in  Surveying,  Colo.  School  of  Mmes.  1905^-06,  Mucker  and  Miner,  various 
mines  in  Colo.  1906,  Land,  mine  and  irrigation  surveys  in  S.  W.  Colo.  1907, 
Assayer,  Standard  M.  &  M.  Co.,  Ore.  1907-^,  Elng.  Supt.,  min.  properties  of  Ameri- 
can Smelt.  &  Refin.  Co.  in  Mexico.  1910-11,  Lecturer  on  Min.  and  Mine  Surveys, 
Oregon  Agr.  College,  Ore.  1912,  Res.  Engr.,  Union  Pacific  Coal  Co..  Hanna,  Wya 
1912-13,  Night  Foreman,  cyanide  mill  at  San  Jose  de  Gracia,  Sin^  Mexico.  1913, 
Engr.  Cia  Carbonifera  Aguijta  y  Anexas,  Lampocitas  Aguitisi,  Mexico.  1913-15, 
Various  places,  Millman  and  Engr.  1915,  Foreman,  Mary  Murphy  mill,  Romley, 
Colo.  1916,  Engr.,  St.  Joe  Lead  Co.,  Mo.  1917-18,  Asst.  and  Res.  Engr^  Utah 
Fuel  Co.,  Castle  Gate,  Utah.     1918  to  date,  Engr.,  Southern  Illinois  Engrg.  Co. 

Present  position:  Engr.  in  charge  of  underground  work,  Southern  Blmots  Engi- 
neering Co. 

Edward  Van  Ness  Rawn,  Hopkinsville,  Ky. 

Proposed  by  Avery  H.  Reed,  J.  B.  White,  W.  P.  Mitchell. 

Bom  1874,  Saratoga,  N.  Y.  1894,  Pennsylvania  State  College,  B.  S.  1899-1901, 
Time-keeper  and  Asst.  Supt.  of  quarry  works.  1901-04,  Supt.  tunnel  driving,  WaHon 
&  Co.  1904-05,  Gen'l  Mgr.,  constr.,  Walton  &  Co^  Falls  Mill,  Va.  1906,  Built 
Schenley  Farms  Addition,  Walton  &  Rawn  Constr.  'Co.,  Pittsbuiigh,  Pa.  1906-08, 
Gen'l  Mgr.,  constr.,  S.  Walton  Constr.  Co.,  Falls  Mill,  va.  1900,  Engaged  in  con- 
struction of  railroad  yards,  opening  coal  properties.  1910-11,  Railroad  work  at 
Honaker,  Va.  Tunnel  work,  Winston-Salem  Southbound  R.  R.  1911-16,  Mgr.  and 
Partner,  General  R.  R.  Constr. 

Present  position:  Pres.  and  Mgr.,  Southern  Mineral  Co. 

William  Robert  K.  Scott,  Gary,  Ind. 

Proposed  by  Walter  E.  Hadley,  A.  Hungelmann,  J.  O.  Lord. 

Bom  1888,  Burgettstown.  Pa.  1911,  Fenna.  State  College,  B.  S.  1911,  Open 
Hearth  Clerk,  Jones  &  LaughUn  Steel  Co.,  Pittsburgh,  Pa.  1911-12,  Night  Foreman, 
American  Vanadium  Co.,  Bridgeville,  Pa.  1912-13,  Met.  on  special  steeb,  Met. 
Dept.,  Gary  Works.  Illinois  Steel  Co.  1913-15,  Plant  Foreman,  Union  Carbide  Co., 
Niagara  Falls,  N.  Y.  1915-16,  Research  Met.,  Aluminum  Co.  of  America,  N.  Y. 
1916-17,  Chief  Met.,  Standard  Chemical  Co. 

Present  position — 1917  to  date:  Met.  Engr.,  Gary  Works,  Illinois  Steel  Co., 
Gary,  Ind. 
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Gordon  C.  Smith,  Boise,  Idaho. 

Proposed  by  Walter  Hovey  Hill,  A.  G^Van  Eman,  Robert  N.  Bell. 

Bom  1881,  Howard  Lake.  Minn.  1904,  Amherst  College,  B.  S.  1904-06,  Con- 
tract surveys,  General  Land  Office,  Idaho  and  Mont.  1906-07,  Engr.,  Capitol  Water 
Co.,  Idaho.  1907,  Contract  surveys  for  General  Land  Office  in  Idaho.  1907-08, 
Engr.,  McCarty  mines.  1908^  Contract  surveys  for  General  Land  Office  in  Idaho, 
Charge  of  Carey  Act  Segregation  for  Idaho  Irrigation  Co.  1909,  Contract  Surveys. 
General  Land  Office  in  Idaho.  Charge  of  Carey  Act  Segregation  for  Lost  River  Land 
&  Irrigation  Co.     1910.  Commercial  practice  in  civil  engrg.,  Washoe  Development  Co. 

Present  position:  Civil  Engr. 

Glenn  Buchanan  Southward,  Elkins,  W.  Va. 

Proposed  by  Everett  Drennen,  J.  W.  Knowlton,  Frank  A.  Ray. 

Bom  1886,  Covington,  Ky.  190a-08,  Ohio  State  Univ.,  E.  M.  1907,  Transit- 
man,  Stonega  Coke  &  Coal  Co.,  Big  Stone  Gap,  Va.  1908-11,  Asst.  Engr.,  same 
company.  191 1-12,  Min.  Engr^  Log  Mountain  Coal  &  Coke  Co.,  Chenoa,  Ky.  1912- 
17,  Asst.  Chief  Engr.,  Stonega  Coke  &  Coal  Co.,  Big  Stone  Gap,  Va. 

Present  position — 1917  to  date:  Chief  Engr.,  West  Virginia  Coal  &  Coke  Co. 

Vincent  De  Paul  Solan e,  Shamokin,  Pa. 

Proposed  by  Van  H.  Manning,  D.  J.  Parker,  Robert  H.  Burrage. 

Bom  1891,  Shamokin,  Pa.  1910,  Shamokin  High  School.  1911-17,  Engr.  Dept., 
Susquehanna  Coal  Co.  1917,  Pennsylvania  Coal  &  Coke  Co.  1917-18,  Mine  Rescue 
Station,  U.  S.  Bureau  of  Mines,  Pittsburgh,  Pa. 

Present  position — 1918  to  date:  Sgt.,  27th  Engrs.,  France. 

Pao-Chen  Sun.  S.  Manchuria,  China. 
Proposed  by  Cneng  Fu  Wang,  C.  T.  Huang,  Cho  Yang. 

Bom  1889,  Kiang-Su,  China.     1904-09,  Chih-hi  Provincial  College.     1909-12, 
Pel  Yang  Univ.,  B.  S.     1914-15,  Min.  Engr.,  The  2d  Mining  Office,  Manchuria. 
Present  position — 1915  to  date:  Met.  Engr.,  Pen  Chi  Hu  Coal  &  Iron  Co. 

Frederic  Edward  Twining,  Fresno,  Cal. 

Proposed  by  Ray  Hawley,  E.  Emory  Wishon,  Abbot  A.  Hanks. 

Bom  1874,  Croton,  Ohio.  1890-94,  Denison  Univ.  1894r-98,  Cons.,  Chem. 
private  lab.  1898-1904,  Chem.,  Cutter  Lab.  1904  to  date,  Chem.  and  Mgr.,  Twin- 
ing Lab.     Present  position:  Mgr.,  Twining  Laboratories. 

Charles  Edward  Wheeler,  Aberdeen  Proving  Grounds,  Md. 

Proposed  by  G.  H.  Clevenger,  H.  W.  Young,  C.  F.  Tolman. 

Bom  1890,  Lawrence.  Kan.  1916,  Met.  Engrg.,  A.  B.,  Leland  Stanford  Univ. 
1917,  Post-graduate  work.  1914,  Asst.  Fumacemaxi,  Mammoth  Copper  Co.,  Ken- 
nett,  CaL  1916.  Chem.  and  Foreman,  Electrolytic  Zinc,  American  Smelt.  &  Refin. 
Co.,  Omaha,  Neo.  1917,  Foreman,  Lead  Refin.,  Selley  Lead  Smelt.  Co.,  Selly,  Cal. 
1917-18,  Charge  of  Met.  Lab.,  Inspec.  Division,  Ordnance  Dept.,  Washington,  D.  C. 

Present  position:  Proof  Officer  of  High  Explosives,  Aberdeen  Proving  Grounds, 
Md. 

Albert  Easton  White,  Ann  Arbor,  Mich. 

Proposed  by  W.  H.  Bassett,  C.  E.  McQuigg,  J.  Bums  Read. 

Bom  1884,  Plainville,  Mass.  190^-07,  Brown  Univ.  1907-08,  Grad.  Student, 
Harvard  Univ.  1908-11,  Research  Dept.,  Jones  &  Laughlin  Steel  Co.,  Pittsburgh, 
Pa..  1911-13,  Instructor;  1913-17,  Asst.  Prof.,  Univ.  of  Michigan,  Ann  Arbor, 
Mich.  1917-19,  United  States  Ordnance  Dept.     1913-17,  General  met.  cons.  work. 

Present  position:  Chief  of  Met.  Branch,  Tech.  Staff,  Ordnance  Dept.,  U.  S.  A. 

Kessack  Duke  White,  New  York,  N.  Y. 

Proposed  by  Mowry  Bates,  E.  M..  Shipp,  J.  F.  Kemp. 

Bom  1887,  Louisville,  Ky.  1911,  Univ.  of  Kentucky.  1916,  Univ.  of  Chicago, 
B.  S.,  E.  M.  1911-12,  Asst.,  Kentucky  Geol.  Survey.  1912,  Asst.  Geol.,  Uhnois 
Geol.  Survey.     1913-^14,  Geol.,  Caribbean  Pet.  Co.     1914-16,  Geol.,  Standard  Oil  Co. 

Present  position — 1916  to  date:  Cons.  Geol.  in  Pet. 

Trevett  Abbot  Wilson,  Ray,  Ariz. 

Proposed  by  A.  A.  Wren,  S.  H.  Ball,  Allen  H.  Rogers. 

Bom  1886,  Warren,  R.  L  1907-10,  Columbia  School  of  Mines.  1910-11,  Engr., 
Summit  Copper  Co.  1911-12,  Engr.  and  Inspector,  Board  of  Water  Supply,  N.  Y. 
1912,  Supt.,  Cave  Creek  Min.  Co.  1912-13,  Geol.,  Caribbean  Petroleum  Co.  1914- 
15,  ^ift  Boss,  Ray  Cons.  Copper  Co.  1915-18,  Efficiency  Engr.,  Asst.  Supt.  of  Mines, 
Arizona  Hercules  Copper  Co. 

Present  position:  Supt.  of  Mines,  Arizona  Hercules  Copper  Co. 
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Tulitts  Herman  George  Wolf,  San  Francisco,  Cal. 

Proposed  by  T.  A.  Rickard,  W.  H.  Shoekley,  Ck)Urten^  De  Kalb. 

Bom  1874.  Edwardsville,  111.  1893,  Mass.  Inst,  of  Tech.,  B.  C.  E.  1889-63, 
Delaware  College,  C.  E.  1893-96,  Architects  Supt.,  construction  of  cold-storage 
plants,  various  Eastern  cities.  1896-98,  Engrg.  Asst.,  Metropolitan  Water  Sap^, 
Boston.  1898-1904,  U.  S.  Asst.  Engr.,  charge  of  construction  fortifications,  San 
Francisco,  Cal.*  1904-05,  Asst.  Engr.,  charge  of  fortifications,  Manila,  P.  I.  1905- 
06,  Operating  under  lease  and  gold  min.  property,  Cal.  1906-09,  Chief  Engr., 
Tonopah  Exploration  Co.  1909  to  date,  Mar,  and  Director,  oil  property,  Kern 
River  field,  Cal.     1914-16,  Pet.  Engr.,  U.  S.  Bureau  of  Mines. 

Present  position — 1916  to  date:  Cons.  Engr.,  Navy  Dept.,  Navy  Petroleum 
Reserves,  Cm.  and  Wyo. 

Walter  R.  Vidler,  Cripple  Creek,  Colo. 

Proposed  by  Robert  Sterling,  Harold  Boericke,  F.  G.  Willis. 

Born  1890,  Kirkwood,  Mo.  Cripple  Creek  Common  and  High  School.  1909-10, 
Leasing,  El  Paso  Cons.  M.  M.  Co.  1910,  Elkton  Cons.  M.  &  M.  Co.  1910,  summer, 
Free  Coinage  M.  &  M.  Co.  1910,  Mucker,  Timberman,  Elkton  Cons.  M.  &  M.  Co. 
1910-11,  Golden  Cycle  Min.  Co.  1911,  Shift  Boss,  Comanche  Plume  Min.  Co. 
1911-13,  Sorter-top-man-miner,  Cresson  Cons.  M.  &  M.  Co.  1913-14,  Asst.  Engr., 
A.  B.  Crosley,  Cripple  Creek.  1914r-16.  Asst.  Engr.,  Hills  A  Willis.  1916,  Chwge 
of  sampling  and  valuation,  Portland  Gold  Min.  Co.  1916-17,  Foreman  of  shoo^g 
squad,  Portland  Gold  Min.  Co.     1917-19,  Examining  Engr.,  Ftimos  Exploration  Co. 

Present  position :  Exploration  Cruiser  and  Exam.  Engr.,  Primos  Exploration  Ca 

Associates 

Clinton  William  Ball,  Bruceville.  Tex. 

Proposed  by  James  S.  Wroth,  Tenney  C.  DeSollar,  W.  F.  Lewis. 

Born  1893,  Fredonia,  N.  Y.  1908-12,  Detroit  Eastern  High  School.  1912-13, 
Marietta  College.  1913-15,  Michigan  College  of  Mines;  summer  vacations,  Copper 
Range  Min.  Co.,  Painsdale,  Mich.,  Quincy  Min.  Co.,  Hancock,  Mich.  1915,  Asst. 
Shift  Boss,  Messina  Transvaal  Dev.  Co.,  Messina,  So.  Africa.  1916,  Asst,  Sunreyor, 
Brakpan  Gold  Min.  Co,,  Brakpan,  So.  Africa.  1916-17,  British  Army,  German  East 
Africa  Campaign.     1917-18,  U.  S.  Army,  2d  Lt.,  107  Engrs. 

Present  position — 1918  to  date:  Capt.  107  Engrs.  in  France. 

Edmund  Rudolph  Boericke,  Boulder,  Colo. 

Projx)sed  by  Harold  Boericke,  Robert  Sterling,  George  Teal. 

Bom  1892,  New  York,  N.  Y.  1907-11,  Philadelphia  Manual  Training  High 
School.  1911-12,  Univ.  of  Penn.  1912-13,  Day  Foreman,  Harrison  Chem.  Co. 
1913-16,  Charge  of  molybdenum  property;  1915-16.  Asst.  Mine  Supt.;  1916-17, 
Charge  of  Exploration  Dept.;  1917  to  date.  Field  work  and  Cruising,  Primos  Chem. 
Co.     Present  position:  Cruiser  and  Fieldman,  Primos  Chem.  Co. 

Myron  A.  Dresser,  Leonardsville,  N.  Y. 
Proposed  by  Julius  SegaU,  John  R.  Roberts,  W.  H.  Emmons. 
Born  1894,  West  Edmeston,  N.  Y.     1912-14,  Univ.  of  lU.     1914-17,  Univ.  of 
Minn.  B.  A.  &  M.  S.     1916-17,  Asst.,  Dept.  of  Geol.j  Univ.  of  Minn. 
Present  position — 1917  to  date:  Geo!.,  Texas  Oil  Co. 

Arthur  Edwin  Eddy,  New  York,  N.  Y. 

Proposed  by  B.  B.  Thayer,  C.  V.  Jenkins,  E.  P.  Mathewson. 

Bom  Arkansas  City,  Kan.  1910.  Tech.  High  School,  WashingtoD,  D.  C.  1915, 
Maryland  State  College.  1913,  Chau-man,  Public  Land  Surveys,  Mont.  1914,  Asst 
Valuator,  Ches.  &  Potomac  Tel.  Co.,  Washington,  D.  C.  1915,  Field  Asst.,  Forest 
Service  Surveys,  Mont.  1916,  Met.  Clerk  and  Timekeeper,  East  Helena  plant, 
American  Smelt.  <&  Refin.  Co.,  Mont.  1916-17,  Miner,  Diamond  and  Moonlight  mine. 
Anaconda  Copper  Min.  Co.,  Butte,  Mont.     Present  position:  2d  Lt.,  24th  M.  G.  B. 

Hervy  Adelbert  Fisher,  Pittsburgh,  Pa. 

Proposed  by  Newton  W.  Emmens,  W.  E.  Fohl,  Roswell  H.  Johnson. 

Born  1854,  Springboro,  Pa.  Educated  at  Springboro,  Pa.  and  Conneaatville,  Pj- 
1907-08,  Examination  of  Mica  Deposits  of  Virginia  and  North  Carolina.  1908-09. 
Vice-pres.  and  Mgr.  Pittsburgh  Mica  Co.,  Va.  1909-10,  Examination  of  ^^^^^ 
deposits  of  Va.  1911-14,  Investigation  of  hydro-electric  possibilities,  Western  Md. 
1914-19,  Principal  owner  and  mgr.  of  H.  A.  Fisher  Co. 

Present  position:  Mgr.  H.  A.  Fisher  Co. 
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John  Ripley  Freeman,  Jr.,  Washington,  D.  C. 

Proposed  by  George  K.  Burgess,  Paul  D.  Merica,  Louis  J.  Gurevich. 

Bom  1895,  Winchester,  Mass.  1912-16.  Mass.  Inst,  of  Tech.,  S.  B.  1916,  Asst. 
to  Supt.,  General  Abrasier  Co.,  Niagara  Falls,  N.  Y.  1917  to  date,  Met.  Division, 
Bureau   of   Standards.     Present  position:  Asst.  Physicist,  Bureau  of  Standards. 

Clarence  Eugene  Garland,  Damascus,  Va. 

Proposed  by  Joseph  Kent  Roberts,  T.  Poole  Maynard,  Victor  R.  Waite. 

Bom  1898,  Crandull,  Tenn.  1911-14,  Johnson  Ck)unty  High  School.  1914-18, 
Emory  and  Henry  College.  1918  to  date,  The  Smethport  Ext.  Co.,  Inc.,  charge  of 
plant  control  lab.  and  prc^ucts  analysis. 

Present  position:  Ohem.,  The  Smethport  Extract  Co.  Inc. 

John  Bozman  Kerr,  Berkeley,  Cal. 

Proposed  by  Benjamin  B.  Lawrence,  Spencer  C.  Browne.  R.  M.  Betts. 

Bom  1890,  Washington,  D.  C.  1904-08,  Thacher  School.  1908-09,  Berkeley 
High  School.  1910-16,  Univ.  of  Cal.,  A.  B.  1911,  Mine  surveying,  millins  and 
assaying,  Pittsburgh  Gold  Mat  Min.  Co.  1914,  Operator  in  cyanide 'plant,  North 
Star  Mines  Co.  1916,  Operator  in  smelter,  Nev.  Cons.  Copper  (Jo.  1915-16, 
GeoL  Standard  Oil  Co.  1916-17,  Inspector  Cal.  State  Min.  Bureau,  Dept.  of  Pet. 
and  Gas,  District  of  Los  Angeles.  1917,  Geol.,  Fuel  Oil  Dept.,  Southern  Pacific  Co. 
1918-19,  Engr.  Corps,  U.  S.  Army,  Commissioned  2d  Lieut. 

Present    position:  Unemployed. 

Hajime   Matoba,   Cleveland,   O. 

Proposed  by  C.  M.  Young,  H.  H.  Stoek,  A.  C.  Callen. 

Bom  1887,  Tokushima-Ken,  Japan.  Grad.  High  School,  Kioto,  Japan.  1908-11, 
Spokane  High  School,  Spokane,  Wash.  1918,  Grad.  from  the  Dept.  of  Min.  Engrg., 
Univ.  of  111.     Present  position:  Chemist,  Patterson  Sargent  Co. 

Earl  B.  Merithew,  Brooklyn,  N.  Y. 

Proposed  by  J.  N.  Bartholomew,  C.  M.  Hickok,  H.  M.  Hanna,  Jr. 

Bom  1883,  Norwich,  N.  Y.  1902,  Riverview  Military  Academy.  1902-07, 
Weedsport  Skirt  ft  Waist  Co.,  Weedsport,  N.  Y.  1907-12,  Smith  Premier  Typewriter 
Co.,  Syracuse,  N.  Y.  1912-14,  General  Electric  Co.,  Schenectady,  N.  Y.  1914r-16, 
Dodge  Bros.,  Detroit,  Mich.     1916-18,  Brown  Lipe  Gear  Co.,  Syracuse,  N.  Y. 

Present  position — 1918  to  date:  Chief  Inspector  of  Ordnance,  U.  S.  A.,  Utica,  N.  Y. 

Arthur  Leon  Meyer,  Coatsville,  Pa. 

Proposed  by  C.  E.  McQuigg,  W.  U.  Chedsey,  C.  L.  Huston. 

Bom  1893,  Trenton,  N.  J.  1910-15,  Lafayette  College,  B.  S.  1916-16,  Asst. 
Supt.,  mineral  acid  production,  Harrison  Bros.  Chem.  Mfrs.,  Philadelphia,  Pa. 
1916-18,  Asst.  Supt.,  zinc  mill;  Supervisor  of  Heat  Treatment,  Midvale  Steel  & 
Ordnance  Co.,  Philadelphia,  Pa.  1918-19,  Commissioned  Lieut.,  charge  of  met. 
inspection  at  Winchester  Repeating  Arms  Co. 

Present  position:  Commissioned  Officer,   Met.  Inspector. 

Eaxl  Bart  Noble,  Springfield,   Mass. 

Proposed  by  L.  W.  Bahney,  Arthur  F.  Taggart,  J.  F.  McClelland. 
Bom  1894,  Sorrngfield^  Mass.     1913-16,  Yale  Sheffield  Scientific  School,  Ph.  B. 
1916-18,  Junior  Met.,  Chile  Exploration  Co.,  Chuquicamata,  Chile. 
Present    position:  Unemployed. 

Fumio  Oda,  Boston,   Mass. 

Proposed  by  Charles  E.  Locke,  H.  O.  Hofman,  Nobuo  Yamamoto. 

Bom  1890,  Fukuoka,  Japan.  1908,  Middle  School.  1911,  National  College. 
1914,  K3rushu  Imi>erial  Univ.,  M.  E.  1914  to  date,  Min.  Dept.,  Engineering  College 
of  ICyxishu  Imperial  Univ. 

Present  position:  Asst.  Prof.  Engrg.,  College  of  Kyushu  Imperial  Univ.,  Japan. 

Howard  Scott,  Washington,  D.  C. 

Proposed  by  Georee  K.  Burgess,  Louis  J.  Gurevich,  Paul  D.  Merica. 
Bom  1893,  Rockville,  Md.    George  Washington  Univ.,  A.  B.     1912  to  date,  Various 
grades  from  lab.  apprentice  to  Asst.  Physicist  at  Bureau  of  Standards. 
Present  position:  Asst.  Physicist,  Bureau  of  Standards. 

Louis  Albert  Stimson,  Syracuse,  N.  Y. 
Proposed  by  John  A.  Mathews,  Wnl.  Campbell.  Zay  Jeffries. 
Bom    1891,    Hope,    N.    Dak.     1909-13,    Oberlin   College.     1915-17,    Columbia 
[Jniv.,  A.  B.     1912,  summer,  Asst.  Chem.,  Crucible  Steel  Co. 

Pt^Bsent  position — 1917  to  date:  Works  Met.,  Halcomb  Steel  Co. 
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Edwin  See  Tompkins,  East  Orange,  N.  J. 

Proposed  by  Lewis  G.  Rowand,  George  C.  Stone,  J.  S.  McKaig. 

Bom  1893,  Brookl^,  N.  Y.  1909-12,  East  Oran»e  High  School  191M6. 
Missouri  School  of  Mines.  1014,  Mill  Operator,  Ray  Cons.  Copper  Co.,  Haydou 
Ariz.  1914,  Cyanide  mill,  Ernestine  Mm.  Co.  MogoUon,  N.  M.  1916,  Met., 
Reclamation  Research,  Balbach  Smelt.  &  Refin.  Co.,  Newark,  N.  J.  Charge  of  tests 
and  table  concentration,  New  Jersey  Zinc  Co.,  Fnmklin,  N.  J. 

Present  position — 1917  to  date:  Sales  Engr.  and  Mgr.,  The  Mine  and  Smeita 
Supply  Co. 

George  Frank  WoUf,  Orange,  N.  J. 

Propped  by  George  C.  Stone,  J.  A.  Van  Mater,  Lewis  G.  Rowand. 

Bom  1875,  New  York,  N.  Y.  Educated  at  New  York.  C.  P.  A.  1903-08,  Chief 
Accountant,  W.  J.  Buttfield.  1908-13,  Senior  Accountant,  E.  L.  Suffem  Son,  Certified 
Public  Accountants.  1913-16,  Chief  Accountant,  Elected  Comptroller,  The  New 
Jersey  Zinc  Co.     Present  position:  Comptroller,  The  New  Jersey  Zinc  Co. 

Junior  Associates 

George  Washington  Baekeland,  Golden.  Colo. 
Proposed  by  J.  C.  Roberts,  Vic  tor  C.   Alderson,  I.  A.  Palmer. 
Bom  1895,  Yonkere,  N.  Y.     1910-14,  Mackensie  School.     1914,  N.  Y.  U.    1915- 
17,  Cornell  Univ. 

Present  position:  Student,  Colorado  School  of  Mines. 

PhiUp  Harris  Bohart.  Rolla,  Mo. 

Proposed  by  C.  R.  Forbes.  G.  H.  Cox,  A.  L.  McRae. 

Bom  1898,  Fort  Worth.  Tex.  1916,  summer,  mill  constmction.  Hill  City  Tung- 
sten Production  Co.,  Hill  City,  So.  Dak.  1918,  summer,  underground  work,  CresBoa 
Cons.  Min.  Co.,  Cripple  Creek^Colo. 

Present  position :  Student,  Missouri  School  of  Mines  and  Metallurgy. 

Frederick  Brich  Bruhn,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 

Bom  1901,  Milwaukee,  Wis.     1914-18,  Main  Ave.  High  School,  San  Antonio,  Tei. 

Present  position:  Student,  Colorado  School  of  Mines. 

lestyn  Martin  Charles,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 

Bom  1898,  Denver,  Colo.  1915,  Grad.  East  Side  High  School  Denver,  Cdo. 
1915-17,  Colorado  School  of  Mines,  Denver,  Colo.  1917-19,  Served  in  U.  S.  Mamc 
Corps. 

Present  position:  Colorado  School  of  Mines. 

William  Olwyn  Charles,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 

Born  1897,  Denver,  Colo.  1909-13,  Manual  TVainin^  High  School.  1918,  Ond. 
U.  S.  School  Military  Aeronautics,  Berkeley^  Cal.  Elngr.  Dept.,  Ray  Cona.  CcM>p« 
Co.,  Ray,  Ariz. ;  Engr.  at  mine,  Primos  Chemical  Co.,  Empire,  Colo.  National  Raaium 
Institute,  Denver,  Colo.,  under  U.  S.  B.  Mines. 

Present  position:  Student,  Colorado  School  of  Mines. 

Tames  Barley  Copenhaver,  Emory,  Va. 

Proposed  by  Joseph  Kent  Roberts,  T.  Poole  Maynard,  Victor  R.  Waitc. 
Bom  1896,  Seven  Mile  Ford,  Va.     1914-16,  Bel  Air  High  School,  Bel  Air,  Md. 
Present  position — 1916  to  date:  Student,  Emory  and  Henry  College. 

Perry  G.  Cotter,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  I.  A.  Palmer,  Victor  C.  Alderson.  ,  ,. 

Born  1895,  Pardeeville,  Wis.  1911-15,  High  School,  Oshkosh,  Wis.  191;>-lfi. 
State  Normal.     1916-18,  Oliver  Iron  Min.  Co. 

Present  position :  Student,  Colorado  School  of  Mines. 

Ronald  Kinnison  DeFord,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 

Bom  1902,  San  Diego,  Cal.     1914-17,  San  Diego  Armv  and  Navy  Academy. 

Present  position — 1917  to  date:  Student,' Colorado  Scnool  of  Mmes. 

Raymond  John  Thomas  Dowd,  Rolla,  Mo. 

Proposed  oy  C.  R.  Forbes,  G.  H.  Cox,  A.  L.  McRae.  _^ 

Bom  1896,  St.  Louis,   Mo.     1911-15,  Yeatman  High  School.    1917,  sumniff. 
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underground  work,  Isle  Royal  Copper  Co.,  Houghton,  Mich.     1918,  summer,  under- 
ground work,  Old  Dominion  Copper  Co.,  Globe,  Ariz. 

Pnsent  position — 1915  to  date:  Student,  Missouri  School  of  Mines  and  Metal- 
lurgy. 

Slinar  Fiiher,  Corvallis,  Ore. 

Proposed  by  G.  £.  Goodspeed,  Jr.,  Henry  M.  Parks,  A.  M.  Swartley. 

Bom  1890.  Manning,  Ore.  1911-15,  mllsboro  High  School.  1916,  Mining  at 
Cornucopia,  Ore.  1917,  Head  Chairman,  State  Highway.  1918,  Brakeman  and 
Timekeeper,  Carlton  Consolidated  Lbr.  Co. 

Present  position:  Student,  Oregon  Agricultural  College  School  of  Mines. 

Howard  Thomas  Flint,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson.  I.  A.  Palmer. 

Bom  1898,  Denver,  Colo.     1912-16,  North  Side  Hieh  School,  Denver,  Colo. 

Present  position — 1916  to  date:  Student,  Colorado  School  of  Mines. 

Louis  Clement  Fopeano,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts^  Victor  C.  Alderson,  I.  A.  Palmer. 

Bom  1898,  Hoboken,  N.  J.     1915-18,  Emory  and  Henry  College,  Emory,  Va. 

Present  position:  Student,  Colorado  School  of  Mines. 

John  Philip  GriHi,  Cambridge,  Mass. 

Proposed  by  Edward  £.  Bugbee,  Chas.  E.  Locke,  H.  O.  Hofman. 

Bom  1896,  Chicago,  111.  Cane  Tech.  High  School,  Chicago.  111.  Lewis  Inst., 
Chicago,  m.  Researcn,  coal-tar  flotation  oils,  American  Tar  Proaucts  Co.,  Chicago, 
III.     Research,  coal-tar  flotation  oils,  Barrette  Mfg.  Co.,  Chicago,  111. 

Present  position:  Student,  Mass.  Inst,  of  Tech. 

Sam  Grinsfeider,  Berkeley,  Cal. 

Proposed  by  Ernest  A.  Hersam,  Walter  S.  Morley,  Walter  S.  Weeks. 

Bom  1897  Spokane,  Wash.  1903-11,  Spokane  Grammar  School.  1911-15, 
Spokane  High  School.  1916,  summer,  underground  work.  Cons.  Interstate  Callahan 
Min.  Co.,  Wallace,  Ida.  1917,  summer,  Lead  Refinery,  Bunker  Hill  &  Sullivan 
Smelter,  ICellogg,  Ida.  1918,  summer.  Engineering  force.  Old  Dominion  Min.  Co., 
Globe,  Ariz. 

Present  position — 1916  to  date:  Student,  University  of  California. 

Everett  L.  Grubb,  Indianapolis,  Ind. 

Proposed  by  A.  N.  Winchell,  lUchard  S.  McCaffery.  W.  J.  Mead. 

Bom  1897,  Connersville,  Ind.     1916-17,  Butler  College,  Indianapolis,  Ind. 

Present  position — 1917  to  date:  Student,  University  of  Wis. 

Earl  Ball  Hardy,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 

Bom  1898,  Watertown,  N.  Y.  1916,  Grad.  Watertown  High  School,  Watertown, 
N.  Y.  1917,  summer,  mucking  and  tramming,  Ouray,  Colo.  1918-19,  summer,  In- 
strumentman,  engr.  souad,  New  Cornelia  Copper  Co.,  Ajo,  Ariz. 

Present  position:  Student,  Colorado  School  of  Mines. 

Hariand  Hobart  Hoppock,  Rolla.  Mo. 

Proposed  by  G.  H.  Cox,  C.  R.  Forbes,  A.  L.  McRae. 

Bom  1896,  Kewanee,  111.     1912-16,  Mo.  High  School.     1918,  Picher  Lead  Co. 

Present  position~1916  to  date:  Student,  Missouri  School  of  Mines  and  Metallurgy. 

Carl  Bernard  Hummel,  Rolla,   Mo. 
Proposed  by  Horace  T.  Mann,  C.  R.  Forbes,  G.  H.  Cox. 

Bom  1897,  Florence,  Mo.  190a-ll,  Grammar  School,  Calfomia,  Mo.  1911-15, 
High  School,  Calfomia,  Mo. 

Present  position:  Student,  Missouri  School  of  Mines  and  Metallurgy. 

Henry  Waldon  Lawrence,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 

Bom  1897,  Falmouth,  Mass.  1911,  Grad.  Falmouth  Grammar  School.  1912-16, 
HifSh  School,  Pittsfield,  Mass.  1917-18,  Univ.  of  South  Dakota.  1916-17,  General 
BUectrio  Co.,  Pittsfield,  Mass. 

Present  position — 1918  to  date:  Student,  Colorado  School  of  Mines. 

Julian  Stephens  Marshall,  Corvallis,  Ore. 
Proposed  by  G.  E.  Goodspeed,  Henry  M.  Parks,  A.  M.  Swartley. 
Bom  1895,  Rapid  Citv,  So.  Dak.     1911-15,  Washington  Hi^h  School,  Portland, 
1915-17,   Agent,   Oregon  Journal  of  Portland,   Corvallis,   Ore.     1917,   Star 
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Mining   Co.,    Mullan,   Ida.    1918,  Aaai.    Instxuctor,  Oreson  Agricultural  College, 
Corvallis,  Ore.     1918-19,  Northwest  Steel  Co.,  Portland,  Oregoni 

Present  position:  Student,  Oregon  State  Agricultural  College,  School  of  Mines. 

William  Ferdinand  NetzelMmd,  RoUa,  Mo. 
Proposed  by  G.  H.  Cox,  C.  R.  Forbes,  C.  L.  Dake. 

Bom  1897,  St.  Louis.  Mo.  1912-14,  Yeatman  High  School.  1918,  suminer, 
general  laborer^  St.  Joseph  Lead  Co.,  Herculaneum.  Mo. 

Present  position:  Student,  Missouri  School  of  Mines  and  Metallurgy. 

Will  Victor  Norris,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 

Bom  1894,  Albion,  Mich.  1918,  William  JeweU  CoUege,  Liberty,  Mo.,  A.  B. 
1919,  two  months,  Chem.,  Ozark  Smelt.  &  Min.  Co.;  six  months,  Chem.,  liydroeeD 
plant,  U.  S.  Army  Balloon  School,  Fort  Omaha,  Neb.     < 

Present  position:  Student,  Colorado  School  of  Mines. 

Allen  Dewey  Pottt,  RoUa,  Mo. 

Proposed  by  Horace  T.  Mann,  C.  R.  Forbes,  G.  H.  Cox. 

Born  1895,  East  St.  Louis,  111.  1902-10,  East  St.  how  Grammar  School  1910- 
14,  East  St.  Louis  High  School.  1917,  summer,  refinery  of  Buffalo  Mines  Ca, 
Cobalt,  Ont.,  Canada. 

Present  position — 1916  to  date:  Student,  Missouri  School  of  Mines  and  Metal- 
lurgy. 

Gerald  Franklin  Rackett,  RoUa,  Mo. 

Proposed  by  G.  H.  Cox.  A.  L.  McRae,  C.  R.  Forbes. 

Born  1898,  Chicago,  111.  1912-16,  Lane  Technical  High  School  1912,  4  mo., 
General  work  in  gold  prospecting.  1917,  Instrument  man  in  oil  surveying,  Cosden 
Oil  &  Gas  Co.,  Texas. 

Present  position — 1916  to  date :  Student,  Missouri  School  of  Mines  and,Metallurgy. 

Andrew  B.  Robb,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 

Born  1898,  New  Britain,  Conn.     1913-17,  New  Britain  Hiah  School 

Present  position — 1917  to  date:  Studeint,  Colorado  School  of  Mines. 

Daniel  Charles  Sherman,  Houghton,  Mich. 
Proposed  by  F.  W.  McNair,  F.  W.  Sperr,  J.  B.  Cunningham. 
Born  1896,  Houghton,  Mich.     1912-16,  Calumet  High  School. 
Present  position — 1917  to  date:  Student,  Michigan  College  of  Mines. 

Robert  Knox  Stroup,  Rolla,  Mo. 
Proposed  by  G.  H.  Cox,  C.  R.  Forbes,  A.  L.  McRae. 
Born  1894,  Lewistown,  Mo.     1910-14,  Quincy,  111.,  High  School 
Present  position — 1916  to  date:  Student,  Missoun  School  of  Mines  and  Metal- 
lurgy. 

Norman  Everett  Thompson,  Houghton,  Mich. 
Proposed  by  J.  B.  Cunningham,  F.  W.  Sperr,  F.  W.  McNair. 
Born  1897,  Houghton,  Mich.     1912-16,  Calumet  Hieh  School 
Present  position — 1916  to  date:  Student,  Michigan  College  of  .Mines. 

Albert  Maitland  Turner,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  M.  F.  Coolbaugh. 

Bom  1898,  La  Vita,  Colo. 

Present  position — 1917  to  date:  Student,  Colorado  School  of  Mines. 

Frederick  Williams  UthofF,  Rolla,  Mo. 

Proposed  by  G.  H.  Cox,  C.  R.  Forbes,  C.  L.  Dake. 

Bom  1893,  St.  Louis,  Mo.  1909,  McKinley  High  School  1917,  summer, 
*'  Bumper, "  Doe  Run  Lead  Co.,  Flat  River,  Mo.  1918,  summer,  general  undergroutd 
work.  Eagle  Picher  Lead  Co.,  Picher,  Okla. 

Present  position — 1916  to  date:  Student,  Missouri  School  of  Mines  and  Metal- 
lurgy. 

Don  Carlos  Valdez,  Golden,  Colo. 

Proposed  by  J.  C.  Roberts,  Victor  C.  Alderson,  I.  A.  Palmer. 

Born  1898,  SaUda,  Colo.  1914^17,  SaUda  High  School.  1916,  Trammmg. 
Madonna  mine.  Monarch,  Colo.  1917,  Mining,  Madonna  mine.  Monarch,  Cow. 
1918.  Chemical  lab..  Burns  Invest.  Co. 

Present  position:  Student,  Colo.  School  of  Mines. 


American  Institute  of  Mining  and  Metallurgical  Engineers     Ixi 

STANDING  COMMITTEES 

EsseuiiM    A.  R.  Lsdottx,  oludrinan. 

Jf«m5«r«Mp— J.  E.  Jormbon,  Jb.,  chftirman. 

FiHane§ — J.  V.  N.  Doke.  ohnirman. 

Library — ^E.  Gtbbon  SnuDUBT,  oludrman. 

Pap0ra  aiUl  PuUicoKonr— Bbadlbt  Stouqbton,  ohairmAn. 


EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 

N9W  Ycrk'^AiAMH  H.  Roobbs,  ohairmui;  W.  8.  Dzckbon,  seoretary.  Reconstruction  Commission,  Hall 
of  Records,  New  York,  N.  Y. 

Meets  first  Wedneeday  after  first  Tuesday  of  each  month. 

Botion — Albbbt  Sautbitb,  chairman;  H.  M.  Boilstoii,  secretary-treasurer,  25  Abbot  Bldg.,  Cambridge, 

Mass. 

Meets  first  Monday  of  each  winter  month. 

Columbia — J.  C.  Haas,  chairman;  Lyndon  K.  Abmstbong,  secretary-treasurer,  720  Peyton  Bldg. 
Spokane,  Wash. 

Holds  four  sessions  during  year.    Annual  meeting  in  September  or  October. 

PugU  Sound — ^Hbnbt  Landbs,  ohairman;  Pbbct  E.  Wbiqbt,  secretary-treasurer,  2012  L.  C.  Smith 

Bldg.,  Seattle,  Wash. 

Meets  second  Saturday  of  each  month. 

Souihem  California — Ralpb   Abnold,   chairman;   Altxn   B.   Cabpbntbb,   secretary-treasurer,   ft3  C 
Citisens  National  Bank  Bldg.,  Los  Angeles,  Cal. 

Colorado — R.  J.  Gbant,  chairman;  Robbbt  M.  Kbbnbt,  secretary-treasurer.  Box  186,  Denver,  Colo. 

Montana— U.  B.  Bbalt,  chairman;  E.  B.  Young,  secretary-treasurer,  626  Hennesy  Building,  Butte, 
Mont. 

8€M  FraneUeo—F.  W.  Bbadlbt,  chairman;  W.  H.  Shocklbt,  secretary-treasurer,  069  Waverley  St., 

Palo  Alto,  Cal.) 

Meets  second  Tuesday  of  each  month. 

Ponntyhania  AntArocito— R.  V.  Nobbis,  ohairman;  Paul  Stbbuno,  secretary-treasurer,  Lehigh  Valley 
Coal  Co.,  Wilkee-Barre,  Pa. 

St.  LouU — F.  V.  Dbsixmb,  chairman;  Waltbb  E.  McCoubt,  secretary-treasurer,  Washingtop  Univ. , 
St.  Louis,  Mo.  . 

Ckicaoo—CBAXLEB  H.  MacDowbll,  ohairman;  Hbnbt  W.  Nxcbolb,  secretary-treasurer,  Field  Museum 
of  Natural  History,  Chicago,  111. 

t/tah—WtLLiAU  Wbaith,  ohairman;  F.  G.  Mosbs,  secretary-treasurer,  University  of  Utah,  Salt  Lake 
-City,  Utah. 

jLriwona — ^L.  O.  Howabd,  ohairman;  H.  L.  Nobton,  secretary-treasurer.  Globe,  Aria. 

J^twada    R    E.  H.  Pombbot,  ohairman;  Hbnbt  M.  Rivbb,  secretary-treasurer,  210  Reno  National 
Bank  Bldg.,  Reno,  Nev. 

^ttiaa — J.  J.  RxTTLBDOB,  chairman;  C.  L.  Sbvbbt.  secretary-treasurer,  Tulsa,  Okla. 

Washington,  D.  C. — Hbbbbbt  C.  Hoovbb,  ohairman;  A.  G.  Whitb,  secretary-treasurer,  U.  S.  Bureau 
of  Mines,  Dept.  of  Interior  Bldg. 

M£exieo  (Institute  Meccano  de  Minas  y  Metalurgia.) — Viotob  M.  Bbaschi,  chairman,  Committee  on 
Organisation. 
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COMMITTEE  ON  JUNIOR  MEMBERS  AND  AFFILIATED 

STUDENT  SOCIETIES 

Cbablbb  H.  Fulton,  ehairman;  Waltbb  R.  Cbanb,  MoreUry,  PtUMylvMiU  SUte  CoO«|t,8Uto 
College,  Pa. 


COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

J.  V.  N.  DoBB,  ohurmBn;  fl.  0.  Pabmblbb,  BeereUry,  Cktm.  d  MtL  Eng.^  lOth  Avb.  it  Mth  81.  Nev 
York.  N.Y. 


INSTITUTE  REPRESENTATIVES 

VniUd  Bnginmring  SoeUty  TriMtoM — Cbablbb  F.  Raxd,>  W.  L.  Saukdbbs.*  Bbbjamiii  B.  TBAraB.> 
'ing  FotmdoMofi'— R.  M.  Raymond.*  J.  W.  Ricbabdb,>  Bbnjakxb  B.  Tbatbb.* 


lAbraini  Boards  VniUd  Snoinstrino  flocMy— Albb  C.  Hviiphbbt8,«  J.  H.  Jambwat,*  E.  Qtibob  Snu- 
BUBT,^  Gbobob  C.  Btonb,!  Bbadlbt  Stouobton. 

John  FritM  Modal  Board  of  Award — C.  R.  CoBNDto.'  CBABLSi  F.  Ramb.«  B.  Qtbboh  SnuBUBX.* 
Bbnjamxn  B.  Tbatbb.* 

Bnoinooring   Counett — J.   Pabbb   Cbanning.*  8.  J.   Jbnmxbob.*  Q.  F.  Kunb,s  Edwut  Luvu»w,> 

P.   N.   MOOBB.1 


Amoriean  Aoooeiaiion  for  (ho  Ad^aneomoni  of  ScUne^—WALOWMAM  LonNnaiTt  J< 

National  Roooareh  CouneO — ^P.  N.  Moobb. 

Nawal  CoiMuttitw  Board — WnuAM  L.  Saumbbbb,  Bbnjamzb  B.  Tbatbb. 

CommilUe  on  Bnginooring  Bducationr^omH  Hats  Hammonp,  Hbmbt  Mabiok  Hoi 

Conforonee  CommiUoo  on  Propo—d  Adoption  of  Molrie  Syatom — GaOBoa  F.  KuNS.  Jobbth  W.  Ricbabm. 

Jotoph  A.  Holmoo  Softly  A—odatum — Hbnnbn  Jbnningb. 

Joint  Conforoneo  CommiUoo  on  Ammiean  Bnginooring  8tandard»^-J.  W.  Ricbabsb,  Q.  6.  8xohb« 
Geobob  E.  Thackbat. 

Joint  Commitloo  on  Wator  Powor  Dotolopmont — H.  Hobabt  Pobtbb. 

WaaMnglon  Modal  Commiooion  of  Atportf— Robbbt  W.  Hqmt.i  Cbablbs  H.  MacDowbzx.* 

CommiUoo  on  Military  Bnginooring  of  Now  York — J.  Pabxb  Cbannino.  Abtbub  8.  Dwzobt.  Albs  C 
HuMpaBBTS,  Chablbs  F.  Rand.  L.  D.  Ricxbttb.  Wxluam  L.  Savndbbb,  Bbabiat  Stoxtobtoii, 
William  U.  Wzlbt. 


TECHNICAL  COMMITTEES 
Inbtituti  OF  Mbtals  Division 

William  M.  Cobbb.  ohftirman;  Fbbd  L.  Wolf.  MoraUry.  Ohio  Bra«  Co..  MftDsfiold.  Ohio 

Iron  and  Stbbl 

JosBPB  W.  RicBABDB,  ohairman.  Lehigh  Unir.,  So.  Bethlehem,  Pft. 

SulheammitUet 

Iron  Oro—Dwiom  E.  Woodbbidob,  ehairmaii. 

Blaot  Fumaeoo — R.  J.  Wtsob,  ehainnmn. 

Stool  Work* — Hbnbt  D.  Hibbabd.  ohainnBn. 

Mochanieal  Treatmont — J.  V.  W.  Rbtndbbb,  ehnirmen. 

Foundry — Ricbabd  Moldbnbb.  chftirmBn. 

Chomiatry,  PhyneOt  and  MttaHography—HmwBMVt  M.  BoTUTON.  eheiraiBii. 


t  Until  Feb..  1»30.       "Until  Feb..  1921.       t Until  Feb.,  1983.       « Until  Fob.,  ISSt. 
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TECHNICAL  COMMITTEES— Coft<iniMd 

PSTBOLBUlf  AND   GaB 
Ralfh  Aanold.  oh«irmAn;  Isaac  N.  Kna.pp,  Moretftry,  Ardmore,  Fa. 

Coal  and  Cokb 

H.  H.  &roBK.  ohmirmAn.' 

Reduction  and  Refining  of  Copper 

Edwabd  p.  Matbbwson,  ohnirman. 

[Extraction  and  Refining  of  Precious  Metals 

F.  Ltnwood  GASxnoif,  ehairm»ii. 

Reduction  and  Refining  of  Lead 

HaimucH  O.  Hofman,  ehmirmui. 

Reduction  and  Refining  of  Zing 

OaoBoa  C.  Stonb,  ohairman. 

Reduction  and  Refining  of  Miscellaneous  Metals 

CwABLM  H.  FvLVON,  ehAirmAiu 

Non-metallic  Minerals 

Gborob  F.  Kuns.  ohmirman;  Chablbs  P.  Bbbkbt,  MoratBry,  Columbim  University,  New  York,  N.  Y. 

Mining  Gbologt 

Jambs  F.  Kbmp,  ehBirman;  Stdnbt  H.  Ball,  seoretsry,  42  Broadway,  New  York,  N.  Y. 

Mining  Methods 

Louis  S.  Catbs,  ohairman. 

MiLUNO  Methods 

RoBBBT  H.  RxcHABDS,  ohairman. 

Accounting  Methods 

JuDD  Stbwaxt,  oluurman. 

Legislation  and  Pubuc  Pouct 

Mask  L.  Rbqua.  chairman. 

Industrial  Organisation 

C.  M.  Schwab,  chairman;  T.  T.  Rbad,  Moretary,  604  Upper  Mountain  Ave.,  Montolair,  N.  J. 

8vihcommitiee$ 

AmgrieaniwaHom — C.  R.  Hook,  chairman.     (To  eo6perats  with  National  Amerieaoisation  Committee.) 

CHppUw  Is  Induttr^—B.  A.  Robixsob,  ohairman.     (To  eo6perate  with  the  Surgeon  Genera^  U.  8.  A., 
and  the  Red  Cross  Institute.) 

EdueaHon — E.  E.  Bach,  ohairman.     (To  ooAperate  with  National  Association  of  Corporation  Schools.) 

EmplaymtMk^YiivLLKU  A.  Smith,  chairman.     (To  eoAperate  with  U.  8.  Department  of  Labor.) 

HvutinQ—'WvLL  L.  Clabk,  ohairman.     (To  cooperate  with  National  Housing  Association,  and  U.  8 

Oept.  of  Labor.) 
Msniol  BwUnt  in  JadiMtry— T.  T.  Rbad,  chairman.     (To  cooperate  with  National  Committee  for 

M«ntal  Hygiene.) 

/VeeestKoB  of  IUn$M    H.  I.  Youno,  chairman.     (To  cooperate  with  American  Public  Health  Aisooia* 

tion^ste.) 
SnMm — P-  P-  SiKN.  chairman.     (To  ooAperate  with  National  Safety  Council.) 
Social  Sur—y% — C  W.  Goodalb,  chairman.     (To  eo6perate  with  Russell  Ssge  Foundatioa.) 
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OFnCBRS  AND  DIRBCTORS 

For  the  year  ending  Febnuury,  1920 

President 
HORACE  V.  WINCHELL, Minni:apolb,  Mum 

Past  Presidents 

PHILIP  N.  MOORE, ST.Lom8,Mo. 

SIDNEY  J.   JENNINGS, New   York,   N.  Y. 

First  Vice-president 
A,  R.  LEDOUX, New  York,  N.  Y. 

Treasurer 
GEORGE  D.  BARRON, New  York,  N.  Y. 

Secretary 
BRADLEY   STOUGHTON, New    York,    N.  Y, 

Vice-presidents 

CHARLES  W.  GOODALE,!  ....  Districts Bdttb,  Momt. 

MARK  L.  REQUA,! District  6 San  Francisco,  Cai. 

HENRYS.  DRINKER,* District  2 So.  Bethmiheii,  Pi. 

ROBERT  M.  RAYMOND,'  ....  District  0 New  York,  N.Y. 

EDWIN  LUDLOW,* District  2 Lanbpobd,    Pa. 

A.  R.  LEDOUX,' District  0 NewYork,N.Y. 

Directors 

J.  E.  JOHNSON,  JR.,  1 District  0 New  York,  N.Y, 

ALLEN  H.  ROGERS,! District  1 Boston,    Hiss. 

HOWARD  N.  EAVENSON,i     .    .    .  District  9 Gary,  W.  Va. 

J.  V.  N.  DORR,! District  0 New  Yobjc,  N.  Y. 

WILLET  G.  MILLER,! District  11 Toronto,  Cakaua. 

FREDERICK  G.  COTTRELL,*    .    .  District  6 San  Francibco,  Cai. 

HENNEN  JENNINGS,* District  9 Washington,  D.  C 

GEORGE  C.  STONE,* District  0 New  York,  N.Y. 

SAMUEL  A.  TAYLOR,* District  2 Pittbburgh,  Pi. 

ARTHUR THACHER,* Districts St.  Loma,  Mo. 

J.  V.  W.  REYNDERS,* District  0 New  York,  N.Y. 

GEORGE  D.  BARRON,' District  0 New  York,  N.Y. 

CHARLES  F.  RAND,* District  0 New  York,  N.  Y 

LOUIS  S.  GATES,* District  7 Rat,  Abb. 

STANLY  A.  EASTON,* Districts Kellogg,  Iba 

!  Until  Feb.,  1920.  *  UntU  Feb.,  1921.  *  Until  Feb.,  1922. 
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RBQinSEMBIITS  FOR  MBMBSRSHIP 

Extract  From  Constittttioii 

ARTICLE  II 

Mkmbbiis 

8ec.  1.  The  membership  of  the  Institute  shall  comprise  four  classes,  namely:  1.  Memben;  1 
onorary  Members ;  3.  Associates;  4.  Junior  Associates. 

All  members  shall  be  equally  entitled  to  the  privileges  of  membership,  excepting  that  Hoaoniy 

embers.  Junior  Associates,  and  Members  and  Associates  whose  residences  ahall  be  outfikle  of  thv 

nited  States,  Mexico,  and  Canada  shall  not  be  entitled  to  vote.     Members  and  Associates  resuiii^ 

ithin  the  United  States  of  America,  Mexico,  and  Canada,  and  not  in  arrears  for  dues,  shall  be  entitled 

vote  in  person  at  the  meetings  of  the  Institute,  or,  as  hereinafter  provided  for,  by  lettw  bsllot. 

Sec.  2.  MEMBERS  shall  comprise  all  those  persons  who  on  the  third  Mondav  of  Febrnary,  1918, 
»ro  members  of  the  Institute,  and  in  addition  thereto,  all  those  thereafter  elected  or  tranaferrai  into 
le  class  of  Members. 

Members  must  be  at  least  27  years  of  age  and  must  have  had  at  least  six  years*  employment  in  tkt 
'actice  of  engineering,  mining,  geology,  metallurgy  or  chemistry,  during  at  least  three  yean  of  vbich 
ley  must  have  held  positions  of  responsibility  in  one  or  more  of  these  fields. 

Graduation  from  the  scientific  course  of  a  college,  approved  by  the  Committee  on  Membenhip, 
kail  be  considered  equivalent  to  two  years'  employment,  as  required  in  the  previous  sentence. 

Employment  as  a  teacher  of  engineering,  mining,  geology,  metallurgy  or  chemistry,  if  in  direct 
large,  may  be  considered  a  position  of  resx>on8ibility  as  specified  in  the  second  paragraph. 

Persons  employed  in  research  or  any  scientifio  literary  work  or  in  teaching  in  the  sdeatifie  depart- 
ents  of  colleges,  approved  by  the  Committee  on  Membership,  who  at  the  same  time  are  ea«iifed 

consulting  or  in  the  active  practice  of  raining,  geology,  or  metallurgy,  shall  be  entitled  to  eonstde; 
le  time  so  spent  in  active  practice  as  equivalent  to  an  equal  length  of  time  of  employment  in  positiost 

responsibility,  provided  the  work  done  or  the  positions  held  seem  to  the  Committee  on  Membenhip 
)  warrant  the  equivalency. 

The  requirement  of  three  years*  employment  in  positions  of  responsibility  may  be  waived  by  the 
ommittee  on  Membership  in  the  case  of  persons  who  have  done  notable  original  work  in  mining, 
K>logy,  or  metalluripr,  or  nave  won  distinction  by  research  or  investigations  in  one  or  more  of  tb<K 
ibjerts.  ^  By  investigation  or  research  is  understood  laboratory  experimentation  as  distinct  from 
vestigations  in  literature  or  compilations  of  the  work  of  others. 

ASSOCIATES  shall  be  those,  who«  in  the  opinion  of  the  Committee  on  Membership  and  the  Board 
'  Directors,  are  suitable  for  such  election  or  transfer  by  resson  of  their  interest  in  or  conoectioa  vith 
ining,  geology,  metallurgy,  or  chemistry. 

JUNIOR  ASSOCIATES  shall  comprise  all  students  in  good  standing  in  engineering  schools,  wbo 
ive  not  taken  their  degrees  and  are  nominated  by  at  least  three  members,  two  of  whom  must  be  thdr 
atructors.  A  Junior  Associate  mav  remain  such  not  longer  than  five  years  after  leaving  the  engineer- 
g  school,  at  the  end  of  which  perioahis  qualifications  to  beoomea  Member  or  Associate  must  bepssnd 
3on  by  the  Committee  on  Membership.  If  elected  he  shall  pay  at  that  time  the  entrance  fee  and  dim 
a  Member  or  Associate. 

In  case  there  is  any  question  as  to  the  classification  of  a  candidate  the  Committee  on  Membenhip 
ay  require  from  him  any  evidence  he  desires  to  present  and  the  decision  of  the  Committee  as  to  tJw 
'oper  status  shall  be  final. 

Every  candidate  for  election  as  a  Member,  Associate,  or  Junior  Associate  must  be  proposed  for 
action  bv  at  least  three  Members  or  Associates,  must  be  approved  by  the  Committee  on  Membefsfaip 
I  prescribed  in  the  By-Laws,  and  must  be  elected  by  the  Board  of  Directors. 


EXHIBITS  OF  CHARTS,  FORMS,  ETC.,  USED  IN  ABMT 

PSYCHOLOGY  TESTS 

Employers  and  others  interested  in  personnel  work  will  have  an 
pportunity  to  examine  the  methods  developed  by  the  Committ^  on 
Classification  of  Personnel  in  the  Army  at  an  exhibit  to  be  shown  on  the 
uditorium  (third)  floor  of  the  Engineering  Societies  Building,  29  West 
9th  Street,  New  York  City,  Apr.  1,  12,  1919.  The  exhibit  consists  of  a 
ollection  of  wall  charts,  forms,  photographs,  and  models  showing  how 
tie  Army  finds  out  what  men  can  do  best  and  how  it  uses  that  infonna- 
[on;  how  soldiers  are  trade  tested,  and  how  oflScers  are  rated  and  fitted 
ito  place;  how  the  work  is  checked  and  supervised,  and  its  results  in  the 
rar. 

The  collection  is  being  shown  under  the  auspices  of  the  National 
association  of  Corporation  Schools  and  the  United  Engineering  Society, 
t  was  on  exhibition  for  several  weeks  at  Washington,  where  it  excited  so 
Rich  interest  that  in  response  to  many  requests  the  Adjutant  General 
Dnsented  to  its  display  in  other  cities.  Two  commissioned  oflScere 
ccompany  the  exhibit  to  explain  its  various  features. 


J 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  BNQINEER8 
[STyBJBCT  TO  BBVISION] 


Principles  of  llining  Taxation* 

BT  THO&   W.    GIBSON,  t   TORONTO,    ONT. 
(Nftw  York  Meeting.  February,  1010) 

The  object  of  taxation  is  the  raising  of  a  revenue.  Unless  a  tax 
accomplishes  this,  it  is  a  failure.  The  right  to  take  for  pubhc  purposes  a 
part  of  the  moneys  obtained  from  the  carrying  on  of  private  enterprises 
is  an  {ittribute  possessed  only  by  a  lawful  government,  and  may  indeed 
be  called  the  supreme  attribute  of  government.  In  free,  democratic 
communities  this  power  must  of  necessity  rest  upon  the  consent  of  the 
^verned.  Power  implies  obligation,  hence  it  is  obviously  the  duty  of  a 
government,  in  framing  a  system  of  taxation,  to  provide  one  which,  while 
effective  in  producing  a  revenue,  is  also  just  and  impartial. 

It  will  be  conceded  that  mines  and  mining  property  ought  to  bear  a 
fair  share  of  the  public  expenditure.  The  question  is,  upon  what  basis 
taxation  should  proceed.  Two  separate  taxing  principles  are  usually 
contended  for:  Taxation  should  be  proportionate  to  the  benefits  received 
by  the  person  or  property  taxed;  taxation  should  be  based  on  ability  to 
pay.  A  third  is  sometimes  added,  taxation  should  have  reference  to  the 
extent  and  value  of  the  natural  resources  enjoyed. 

As  applied  to  mining  taxation,  it  is  pointed  out  by  those  who  support 
the  first  mentioned  basis  that,  mines  being  usually  situated  in  rocky  and 
hence  sparsely  peopled  regions,  mining  companies  are  frequently  obliged 
to  construct  roads,  railways,  telegraph  and  telephone  lines,  8cho6ls, 
iieater  and  sewerage  systems,  and  many  other  amenities  and  conveniences 
of  civilization,  the  cost  of  which  in  regions  better  suited  for  agriculture 
ctnd  consequently  more  thickly  populated,  has  either  been  defrayed 
locally,  or  can  be  spread  over  a  sufSciently  large  taxable  group  of  people  to 
rnaterially  hghten  the  financial  burden  on  the  mine.  The  mining  com* 
pany,  it  is  argued,  having  made  these  outlays,  should  receive  credit  for 
tiheat  and  be  relieved  of  taxation  to  a  corresponding  extent. 

There  may  be  some  force  in  this  contention,  but  the  situation  is 
<3apable  of  relief  without  attempting  to  place  taxation  upon  so  unworkable 
SL  basis  as  the  value  of  benefits  received.  Who  is  to  be  the  judge  of  these 
l>enefit8,  and  how  are  they  to  be  valued  ?  The  very  existence  of  a  mining 
<;oinpany  and  its  abiUty  to  carry  on  business  in  peace  and  security,  depend 
lon  the  prevalence  of  law  and  order,  which  is  a  result  of  good  government. 
^Fhe  state  provides  protection  against  violence,  and  courts  of  law  for 

*  Presented  at  the  joint  session  with  the  Canadian  Mining  Indtitute. 
t  Deputy  Minister  of  Mines,  Canada. 
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redress  against  wrong.  The  relationships  among  the  social  units  of  a 
modern  well-governed  state  are  so  complex  and  interdependent  as  to 
make  it  impossible  to  fix,  with  any  degree  of  accm'acy,  the  money  value 
of  the  services  rendered  by  the  whole,  or  in  other  words,  the  govermnenti 
to  any  one  unit. 

Again,  the  state  existing  for  the  benefit  of  the  individual  units  and 
extending  its  care  and  protection  to  all,  it  follows,  in  so  far  as  property 
is  concerned,  that  the  greater  the  value  the  larger  are  the  benefits  which 
its  owner  derives  from  the  state,  and  consequently  the  greater  the  tax 
he  should  pay.  It  would  seem,  therefore,  that  the  first  basis — bendts 
received — ^really  occupies  the  same  ground  as  the  second  basis — ability 
to  pay. 

The  latter  basis  presupposes  the  possession  of  capital  productiyely 
employed,  for  it  is  obvious  that  taxes  could  not  long  continue  to  be  paid 
out  of  capital  which  remained  unreplenished.  Any  tax  upon  l^tiniate 
industry  which  diminishes  the  amount  of  capital  available  or  necessary 
for  that  industry  is  objectionable,  for  the  reason  that  its  effect  must  be  to 
cripple,  or  in  the  end  even  to  extinguish  such  industry.  Moreover,  the 
only  source  out  of  which  an  unremunerative  enterprise  can  pay  taxes  is 
its  capital.  These  considerations  bring  us  at  once  to  a  recognition  of  the 
fact  that  the  burden  of  taxation  can  properly  be  placed  only  on  net 
earnings  or  profits.  ^ 

Adverting  to  the  third  ground  for  taxation  previously  mentioned, 
namely,  the  value  and  extent  of  the  natural  resources  owned  or  contrdled, 
it  is  clear 'that  this  is  a  suggestion  for  the  taxation  of  monopoUes.  Natu- 
ral resources,  though  great,  are  limited  and  cannot  be  equally  enjoyed 
by  all.  A  water  power  easy  of  development  and  capable  of  supplying 
electric  current  for  a  considerable  body  of  people,  becomes,  let  us  say, 
the  property  of  an  individual  or  company.  The  owner  being  without 
competitors,  is  able  to  raise  his  charges  to  the  highest  point,  which  would 
probably  be  the  level  at  which  energy  could  be  generated  by  steam  or 
brought  in  from  elsewhere.  Few  will  deny  that  such  profits  are  a  fair 
subject  of  taxation. 

In  a  real,  though  not  in  so  complete  a  sense,  the  possession 
of  a  valuable  deposit  of  ore  constitutes  a  monopoly.  All  land  does  not 
contain  mineral  values;  indeed,  the  proportion  of  valuable  mineral  land 
to  the  entire  surface  of  the  earth  is  very  small,  and  the  owners  of  mineral 
deposits  are  monopolists  in  the  sense  that  they  enjoy  this  advantage  orer 
the  great  majority  of  their  fellow-beings.  Where  such  advantage  enables 
them  to  make  unusual  profits,  taxation  is  amply  justified. 

In  the  case  of  the  third  basis,  what  is  really  put  forward  for  taxation 
is  not  so  much  the  monopoly,  real  or  fancied,  as  the  profits  which  it 
ensures  to  the  owner,  and  its  application  logically  leads  to  the  &une'e6zi- 
clusions  as  those  drawn  from  the  second  basis  or  even  the  first 
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Now,  mining  is  a  business  more  than  ordinarily  subject  to  uncertainty 
of  result,  and  if  the  capital  invested  in  a  mine  is  to  b.e  in  danger  of  serious 
depletion  by  means  of  taxes,  because  ''Dame  Fortune's  fickle  snule'' 
has  not  been  won,  the  effect  will  not  only  be  disastrous  to  the  particular 
mine,  but  deterrent  upon  the  engaging  of  capital  in  nuning  enterprises 
generally.  On  the  other  hand  it  is  true  that  mines  are  sometimes  prof- 
itable on  a  scale  far  beyond  that  of  an  ordinary  commercial  business. 
I  need  not  stop  to  multiply  instances.  The  copper  mines  of  Michigan, 
Montana,  and  Arizona;  the  silver  bonanzas  of  Virginia  City  or  Cobalt;  the 
gold  mines  and  diamond  diggings  of  South  Africa;  and  the  nickel  deposits 
of  Sudbury  will  come  to  your  minds.  Returns  such  as  accrue  from  de- 
posits like  these  are  the  sustaiaing  force  of  the  mining  industry  and  enable 
it  to  maintain  a  vigorous  existence  despite  countless  individual  f ailiu'es. 
Nevertheless,  if  deposits  so  valuable  pass  into  private  ownership,  there  is 
nothing  unreasonable  in  regarding  them  as  charged  with  a  lien  in  the  form 
of  a  demand  that  a  fair  share  of  the  profits  derived  from  working  them 
shall  eniure  to  the  public  benefit. 

In  applying  the  principle  of  taxing  profits  or  net  earnings,  it  is, 
of  course,  impUed  that  all  the  usual  and  necessary  costs  of  operation 
shall  be  deducted  from  the  gross  proceeds.  These  include  wages  of  labor, 
superintendence,  power,  explosives,  timber,  transportation,  expenses  of 
marketing,  administration,  and  similar  charges.  Depreciation  of  mine 
buildings  and  plant  should  be  allowed  for  on  a  basis  that  will  amortize 
their  cost  diuring  the  lifetime  of  the  mine.  Mining  maqjhinery  is  valuable 
only  so  long  as  the  mine  is  in  operation;  when  the  ore  is  exhausted  it 
rarely  has  more  than  a  scrap  value. 

Initial  capital  really  invested,  carefully  distinguished  from  water, 
should  be  exempt  from  taxation,  as  until  it  is  returned  either  in  dividends 
or  some  other  form,  profits  in  the  strict  sense  of  the  term  cannot  begin. 
By  initial  capital  is  meant  the  money  invested  in  purchasing  the  land 
from  the  government  and  in  opening  up  and  equipping  the  mine.  It  is 
apparent  that  should  the  property  be  subsequently  sold  for  a  larger  sum, 
it  would  not  be  equitable,  so  far  as  the  state  is  concerned,  to  treat  the 
additional  cost  to  the  new  owner  in  a  sumlar  way,  for  the  increase  in  value 
simply  represents  a  capitalizing  of  future  profits,  the  express  object  of 
taxation. 

Opinions  may  differ  as  to  whether  dividends  to  s)iareholders  should  be 
reckoned  among  the  expenses  of  operation,  and  so  go  untaxed.  It  is  not 
the  practice  of  shareholders  to  refrain  from  dividing  the  profits  of  a  pay- 
ing mine  until  the  entire  capital  investment  is  amortized,  but  rather  to 
reqiiire  a  distribution  to  begin  at  the  earUest  possible  moment.  Prudent 
management,  in  most  cases,  will  be  satisfied  if  a  yearly  sinking  fund  is 
provided  sufficient  to  wipe  out  capital  before  the  exhaustion  point  arrives, 
and  there  is  no  imfaimess  in  the  state's  request  to  be  treated  on  the  same 
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bams  as  the  Bhareholders  themselveB,  and  to  require  its  tax  to  be  paid  out 
of  the  gross  sum  of  net  earnings,  irrespective  of  dividends  altogether. 
It  may  happen  that  the  company  instead  of  distributing  its  profito  ii) 
dividends,  will  reinvest  them  wholly  or  partly  in  enlarging  its  operations, 
or  in  new  or  improved  machinery  and  equipment,  or  even  in  the  pur- 
chase of  additional  properties.  The  destination  of  profits  or  the  purpoaes 
for  which  they  are  used,  being  wholly  within  the  control  of  the  company, 
should  not  affect  the  right  of  the  state  to  its  share. 

A  more  fundamental  question  in  dealing  with  mining  taxation,  whether 
on  the  net  profits,  ad  valorem,  or  any  other  plan,  is  provided  by  the  fact 
that  the  assets  of  a  mine  are,  in  the  nature  of  things,  vanishing  assets. 
The  first  bucketful  of  ore  raised  from  a  mine  marks  the  beginning  of  die 
end.  The  rich  storehouse  which  it  has  taken  nature  ages  to  fill  is  ran- 
sacked by  man  in  a  few  years.  Fairness  requires  that  this  special  fea- 
ture of  the  mining  industry  should  be  given  full  weight  in  any  system  of 
taxation. 

This  would  not  be  a  difficult  problem  if  the  end  could  be  foreseen  fit»n 
the  beginning,  and  if  the  years  of  a  mine's  life  could,  like  those  of  a  man's 
life,  be  estimated  by  actuarial  methods.  Borings,  shafts  and  cross-cuts, 
in  the  case  of  large  homogeneous  masses  such  as  bodies  of  iron  or  copper 
ore,  may  give  reliable  data  for  such  a  calculation,  but  in  many  cases 
these  methods  besides  being  expensive  are  difficult  of  application  and 
uncertain  in  results.  Besides,  while  the  drill  is  at  work  and  reserves  are 
being  blocked  out|  ore  is  being  raised  and  treated,  shareholders  are  clamor- 
ing for  dividends,  and  the  state  is  asking  for  taxes.  The  most  that  can 
be  done  in  many  instances  is  to  make  a  conservative  guess  and  proceed 
accordingly,  subject  to  adjustment  as  development  goes  on. 

The  practical  problem,  however,  for  taxation  and  dividend  purposes, 
is  not  how  long  will  the  mine  last,  but  how  soon  can  the  initial  capital 
investment  be  recovered?  After  such  recovery,  the  entire  net  proceeds 
of  the  mine  may  safely  be  regarded  as  profit,  and  treated  accordingly. 

Usually  it  will  be  the  part  of  wisdom  to  make  the  period  for  capital 
replacement  as  short  as  possible.  Pressure  for  returns,  however,  is 
imperious  and  not  to  be  resisted,  consequently  it  is  not  the  usual  practice 
of  companies  to  formally  amortize  their  capital  out  of  net  earnings,  but 
rather  to  pay  these  out  as  dividends.  The  effect  of  large  dividends  on 
the  market  value  of  shares  is  usually  very  marked,  hence  the  price  of 
shares  in  large  dividend-paying  mining  companies,  is  almost  invariably 
too  high,  since  investors  overlook  the  fact  that  a  mine,  unlike  a  farm,  can- 
not be  worked  forever. 

It  is  sometimes  urged  that  the  taxation  of  profits  should  be  equated 
over  a  period  of  years  so  as  to  avoid  heavy  fluctuations  of  revenue,  whkb 
are  inconvenient  to  the  state  or  local  body  dependent  upon  mine  tax  re- 
ceipts for  financing.    It  should  be  remembered,  however,  that,  especially 
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in  precious  metal  mines,  the  rise  and  decline  of  ar  property  cover  usually 
»  comparatively  brief  period.  A  mine  can  best  pay  a  large  tax  when  it  is 
earning  large  profits,  but  when  the  end  is  in  sight  and  profits  dwindle  the 
ability  to  pay  is  lessened.  The  adoption  of  a  five-  or  even  a  three-year 
term,  would  undoubtedly  tend  to  shift  the  high  point  of  taxation  to  a 
later  period  in  the  mine's  history,  and  might  entail,  a  burden  on  the  clos- 
ing years  which  they  could  not  rightly  bear.  On  the  whole  it  seems  ad- 
visable to  close  the  account  at  the  end  of  each  year. 

The  net  earnings  or  profits  basis  for  taxation  appeals  to  the  sense  of 
fairness.  If  the  mine  is  a  failure,  the  state  receives  nothing ;  if  moderately 
successful,  the  state  gets  a  moderate  return;  if  it  prove  a  bonanza,  the 
state  revenue  benefits  accordingly.  The  incidence  of  taxation  is  better 
adjusted  than  under  any  other  form.  Experience  has  shown  it  to  be 
acceptable  to  the  mining  community  itself,  which  is  a  strong  recommen- 
dation. The  taxing  authorities  must  of  necessity  be  clothed  with  sufii- 
cient  powersof  enquiry  and  examination,  acnd  adequate  penalties  provided 
for  offenses.  Given  these,  the  difficulty  of  enforcement  is  reduced  to  a 
minimum. 

The  fact  is  that  in  any  method  of  mining  taxation,  excluding  those 
which  are  admittedly  arbitrary  in  their  nature,  the  underl3ring  principle 
is  taxation  of  profits.  This  is  borne  out  by  an  examination  of  the  ad 
valorem  system  in  vogue  in  many  States  of  the  Union. 

State   constitutions  almost  invariably  have  imbedded  in  them  a 
provision  that  all  properties  shall  be  assessed  for  taxation,  and  that  taxa- 
tion shall  be  uniform.    This  provision  precludes  any  method  of  taxation 
avowedly  based  on  output  or  profits,  as  well  as  a  specific  tax  of  any  kind 
on  mining  property  or  products.    In  a  few  of  the  States  the  constitution 
permits  specific  taxes,  but  the  prevalent  basis  of  taxation  is  the  assessed 
value  of  tangible  property,  to  which  a  uniform  rate  of  taxation  is  applied. 
Ordinarily  the  requirement  is  for  assessment  at  the  actual  value,  but  in 
practice  this  provision  is  disregarded,  and  in  most  cases  the  assessment 
value  is  less  than  the  real  value.    Some  States  have  regularized  this 
disregard,  and  provide  that  the  assessment  shall  be  for  only  a  specified 
percentage  of  the  actual  value.    The  valuation  is  made  by  the  local  tax- 
ing authorities,  and  is  the  basis  upon  which  is  levied  both  State  and  local 
taxation. 

Most  States  have  now  a  State  Tax  Commission,  also  a  Board  of  Equali- 
zation, which  may  or  may  not  be  the  same  body.  The  assessment  of 
mining  properties  by  local  officials  is  naturally  far  from  uniform,  and  the 
Function  of  the  Equalization  Board  is  to  adjust  the  valuation  to  a  common 
standard.  It  is  obvious  that  while  within  the  area  of  a  local  taxing  unit, 
t>e  it  town,  city  or  county,  if  the  same  rule  of  assessment  be  applied  to  all 
prof^erties,  it  is  a  matter  of  indifference  whether  the  basis  is  50  per  cent., 
75  per  cent.,  or  the  full  actual  value,  for  the  same  rate  is  applied  to  all. 
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For  purposes  of  State  taxation,  however,  it  would  be  inequitable  to  collect 
the  same  rate  on  properties  in  a  town  assessed  at  50  per  cent,  or  75  per 
cent,  of  their  value;  as  upon  properties  in  another  town  appraised  at  thdr 
full  value;  hence  the  necessity  for  the  process  of  equalizing. 

But  even  in  estimating  the  amount  at  which  a  mine  of  any  magnitttde 
should  be  valued  for  taxation  purposes,  it  is  evident  that  a  d^;ree  of  skill 
and  experience  is  required,  little  likely  to  be  possessed  by  the  local 
assessor.  Mere  guessing  at  the  value  produces  endless  confusion  and 
irritation.  In  some  of  the  States  of  first  class  mining  importance,  notably 
Michigan  and  Minnesota,  the  Tax  Commissioners  determined  to  adopt 
some  more  scientific  method.  The  Michigan  mines  are  of  iron  and  cop- 
per. The  ore  bodies  are  extensive  and  valuable.  Local  conditions, 
chiefly  the  fact  that  the  mines  are  confined  to  the  northern  peninsula  and 
the  farming  lands  of  the  State  to  the  lower  peninsula,  led  to  perennial 
dispute  as  to  the  share  of  taxation  which  the  respective  sections  of  the 
State  should  bear.  In  1911,  the  State  Tax  Commission  eniployed  J.  R. 
Finlay  to  survey  and  value  the  iron  and  copper  mines  for  assessment  and 
taxation  purposes.  In  making  this  valuation  Mr.  Finlay  applied  five 
factors:  (1)  Tonnage  of  ore  contained  in  mine;  (2)  estimated  life  of  oiine; 
(3)  cost  of  operating;  (4)  annual  receipts  from  sales  of  ore;  (5)  rate  of 
interest  for  ascertaining  present  value  of  deferred  production. 

The  diamond  drill  is  the  distinctive  tool  for  deploring  the  iron  mines 
of  Michigan.  Most  of  the  mining  companies  who  had  been  operating 
for  any  length  of  time  had  delimited  their  ore  bodies  by  borings,  and  had 
ascertained  their  approximate  dimensions  and  consequently  the  reserve 
tonnage.  Their  average  production  during  the  four  or  five  years  previous, 
divided  into  their  ore  reserves,  gave  the  probable  life  of  the  mine.  Opera- 
ting expenses  deducted  from  receipts  from  ore  sales  gave  the  profit  per 
ton ;  this  figure,  multiplied  by  the  average  output,  gave  the  yeariy  profit, 
or  in  other  words,  constituted  an  annuity  payable  until  the  mine  was 
worked  out.  The  present  value  of  this  anBuity,  discounted  at  6  per 
cent.,  Mr.  Finlay  set  down  as  the  valuation  of  the  mine  for  taxatiwi 
purposes.  Taking  a  concrete  case,  for  the  sake  of  clearness,  let  us  assume 
that  Mr.  Finlay  was  valuing  the  Ferrum  mine.  On  the  basis  of  the  com- 
pany's borings  and  allowing  for  probable  undiscovered  ore,  the  contents 
were  10,000,000  tons.  The  average  production  was  500,000  tons  a  year, 
hence  the  mine  had  a  future  lifetime  of  20  yr.  The  average  cost  per  ton 
for  operating  was  $3,  and  the  average  price  for  ore  sold  $3.50,  leaving  a 
profit  of  50  c.  per  ton;  this,  on  500,000  tons  of  ore  would  give  an  annual 
profit  of  $250,000  for  20  years,  the  present  value  of  which  was  $2,867,475. 
This  sum  would  be  the  valuation  of  the  Ferrum  mine. 

Iron  mining  in  Michigan  has  had  its  ups  and  downs.  In  1914,  when 
the  great  struggle  of  the  nations  broke  out,  the  average  loss  per  ton  of  ore 
to  the  mining  companies  was  $0.07712,  yet  the  taxes  collected  from  them, 
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based  on  Mr.  Finlay's  valuations,  were  equal  to  10.12009  per  ton.    In 
1915,  there  was  an  improvement.    The  output  of  the  iron  mines  was 
13,151,612  tons  and  the  average  selling  price  was  $2.79402  per  ton. 
Much  of  the  ore  is  mined  subject  to  royalty  payable  to  the  owner  of  the 
fee,  the  average  in  1915  being  $0.23136  per  ton.    Including  the  royalty, 
the  average  profit  of  iron  ore  was  $0.52380  per  ton.    Out  of  this  margin 
the  royalty  charge  had  to  be  met,  and  in  addition,  taxes  rqual  to  $0.13784 
per  ton.    That  is  to  say,  the  net  profit  remaining  to  the  mining  companies, 
after  allowing  for  certain  other  smaller  items,  was  $0.14674  per  ton. 
Thus,  after  deducting  expenses  of  production  from  the  selling  price, 
nearly  one-half  of  what  was  left  went  as  royalty  to  the  fee  owner,  and  the 
remainder  was  divided  almost  equally  between  the  mining  company  and 
the  tax  collector.    Before  payment  of  the  royalty  the  taxes  amounte  d  to 
26.31  per  cent,  of  the  profits;  after  payment  of  the  royalty,  to  47.13 
per  cent.    Judged  by  pre-war  standards,  this  is  pretty  heavy  taxation. 
Mr.  Finlay's  method  has  the  merit  of  being  systematic,  and  it  takes 
into  account  the  essential  factors  of  value,  but  it  is  evident  that  no  allow- 
ance is  made  for  the  unexpected.    A  demand  may  arise  for  iron  ore  far 
in  excess  of  anything  previously  known,  with  a  corresponding  increase  in 
price  and  consequently  in  profits.    On  the  other  hand,  stagnation  may 
set  in,  prices  may  fall,  and  iron  ore  may  become  practically  unsaleable. 
In  the  former  case  the  valuation  of  the  mine,  based  as  it  was  on  normal 
conditions,  was  too  low;  and  in  the  latter,  too  high. 

In  Minnesota  a  similar  method  is  in  vogue,  but  a  somewhat  elaborate 
classification  into  productive  and  unproductive  mines  and  prospects,  with 
a  varying  standard  of  valuation  in  the  several  classes,  has  been  worked 
out  in  the  endeavor  to  arrive  at  equitable  results. 

The  Finlay  valuation  of  the  Michigan  iron  mines  gave  them  a  total 
value  of  $129,000,000,  which  was  a  large  increase  over  the  total  valua- 
tion under  the  old  methods.  The  companies  protested  vigorously, 
and  the  Tax  Conmiission  reduced  the  valuation  to  about  $90,000,000. 
At  about  this  figure  it  practically  remained  stationary  for  a  number  of 
years,  the  amount  of  ore  brought  in  sight  year  by  year  equaling  the 
amount  extracted. 

In  the  case  of  the  copper  mines,  the  Finlay  system  had  an  entirely 
different  result.  The  aggregate  value  reported  was  $69,000,000.  Tine 
sum  was  so  far  below  the  total  of  the  previous  valuations,  and  also  so  far 
below  the  value  of  the  mining  properties  as  shown  by  the  market  value 
of  their  shares,  that  the  companies,  fearful  of  the  bearish  effects  upon  the 
stock  market,  demanded  that  their  old  assessments  be  restored.  This 
request  the  Tax  Commission  also  granted,  and  the  copper  mine  valuations 
have  remained  at  about  their  old  figures. 

Whatever  may  be  urged  in  favor  of  the  Finlay  method  of  valuation 
as  applied  to  the  copper  and  iron  mines  of  Michigan  and  the  iron  mines 
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of  Minnesota;  with  their  immense  masses  of  ore  capable  of  fairly  accurate 
delimitation  and  ascertainment  of  quantities,  and  individually  faiily 
uniform  in  'quality,  it  is  clearly  inapplicable  to  deposits  such  as  those 
of  the  precious  metals,  where  the  veins  are  small  and  subject  to  great 
irregularity  in  their  size  and  direction,  and  the  value  of  their  oont-ent^. 
The  diamond  drill  cannot  be  depended  upon  to  the  same  extent  in  disclos- 
ing the  value  of  the  deposits.  There  are  other  minerals  of  value  notoriously 
pockety  and  capricious  in  their  habit;  for  aU  such  the  Finlay  metliod  is 
unsuited.  In  many  cases  it  could  not  even  be  tried,  for  the  essential 
requirement  in  estimating  tonnage,  namely  diamond-drill  borings  on  a 
sufficient  scale,  is  lacking.  Even  where  orebodies  are  large  and  of 
fairly  uniform  value,  unless  there  has  been  this  preliminary  examination 
by  the  drill,  the  necessary  data  are  absent.  Cases  can  be  cited  where 
mining  companies,  even  after  years  of  working,  were  uncertain  or  even 
ignorant  of  the  size  of  their  deposits.  To  make  a  notable  instance  from 
the  Province  of  Ontario;  the  Canadian  Copper  Co.  working  the  Creighton 
nickel  mine,  were  apprehensive  that  its  productive  limits  were  being 
reached,  and  consequently  prepared  to  exploit  the  Frood  mine,  another 
large  orebody,  but  lower  in  nickel  and  copper  contents.  They  built  a 
town,  laid  out  streets,  equipped  the  new  mine  with  machinery  and  hoist- 
ing plant,  and  began  to  work  it.  Concurrently  they  continued  to  explore 
the  Creighton  by  diamond  drilling,  and  encountered  at  lower  depths  un- 
expected and  very  large  reserves  of  ore.  It  paid  the  company  to  cease 
all  work  at  the  Frood  and  to  opntinue  operations  at  the  Creighton.  Had 
a  valuation  been  made  of  the  Creighton  mine  on  the  Finlay  plan  before 
the  reserves  were  disclosed,  it  would  have  fallen  far  short  of  the  correct 
amount. 

Undoubtedly  one  effect  of  the  Finlay  system  in  Michigan  and 
Minnesota  has  been  to  discourage  exploration  for  ore.  As  soon  as  the 
drill  brings  ore  into  view,  it  is  subject  to  valuation  and  taxation,  not- 
withstanding that  it  may  not  be  actually  worked  for  years.  Every  prudent 
mining  company  desires  to  know  its  position  regarding  reserves  of  ore, 
so  that  it  may  be  justified  in  making  adequate  capital  expenditures  for 
the  winning  and  treatment  of  the  same,  but  if  to  establish  new  orebodies 
is  to  materially  increase  their  taxation,  the  result  is  apt  to  be  a  slowing 
down  of  the  drill. 

It  is  apparent  that  the  Finlay  or  any  other  method  of  mine  valuation 
in  the  end  rests  on  profits.  Unless  a  deposit  can  be  worked  so  as  to  yield 
a  return  greater  than  the  cost  of  working,  it  has  no  real  value.  The  con- 
trolling factor  is  the  profit  per  ton  or  other  unit  of  production.  The 
sum  any  mine  is  worth  depends  upon  the  profit  it  is  producing,  and 
will  continue  to  produce.  When  the  object  is  revenue,  not  a  sale, 
surely  the  more  logical  way  is  simply  to  tax  the  profits  as  they  are  realized. 
Since  these  cannot  be  accurately  predicted,  they  cannot  be  accuratdy 
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capitalized;  nor  is  there  any  occasion  to  do  so,  for  if  they  prove  smaller 
than  was  expected;  the  tax  is  less  and  no  injustice  has  been  done;  should 
they  prove  greater,  the  tax  is  larger  in  proportion.  The  net-profit  system 
automatically  adjusts  itself  to  the  conditions  for  the  time  being,  and  takes 
account  of  all  changes  in  expenses  and  returns. 

Other  methods  than  the  taxation  of  profits  have  been  attempted. 
One  of  these  is  an  area  tax — so  much  per  acre,  hectare,  etc.  This  is  a 
rough-and-ready  method,  and  has  no  relation  to  value  or  ability  to  pay. 
An  acre  of  barren  rock  pays  the  same  tax  as  an  acre  of  diamond-bearing 
earth,  or  of  the  richest  quartz.  A  second  method  is  a  specified  rate  per 
unit  of  mineral,  be  it  ton,  pound,  oimce,  or  gallon.  This  has  the  same 
convenience  ol  application  as  the  acreage  tax,  but  takes  no  account  of 
profits  or  expenses.  A  ton  of  coal  scraped  from  the  last  workings  of  a 
mine  would  pay  the  same  rate  as  a  ton  produced  from  the  richest  and  most 
easily  worked  seam;  an  oimce  of  gold  wrung  from  ore  carrying  $2  a 
ton,  at  a  profit  of  ten  cents,  will  pay  as  much  as  gold  from  $50  quartz; 
a  gallon  of  petroleum  from  a  well  yielding  a  barrel  a  month,  as  much  as  a 
gallon  from  a  gushing  geyser.  Such  methods  of  taxation  are  easily 
applied,  but  are  imscientific,  and  lack  the  essential  feature  of  fairness. 

Discussion 

Alp.  G.  Heggbm,  Tulsa,  Okla. — I  have  listened  to  the  reading  of 
these  papers  with  much  interest  and  feel  that  perhaps  I  can  add  another 
viewpoint  to  this  subject  of  taxation  based  upon  experience  in  paying 
income  and  excess  profit  taxes  on  manufacturing  supplies  as  well  as  on 
producing  oil.  Dr.  Arnold  has  said  that  the  principles  of  taxation  are 
not  open  to  discussion.  I  feel  that  this  is  just  the  feature  we  should 
discuss  for  in  the  application  of  the  general  principles  laid  down  I  feet 
that  the  Commissioner  of  Internal  Revenue  has  endeavored  to  use  the 
utmost  fairness  with  results  that  must  appeal  to  all  as  the  most  satis- 
factory that  can  be  obtained  undpr  the  existing  principles. 

Excessive  rate  of  taxation  results  in  reduced  revenue  for  the  govern- 
ment.   I  recall  one  direct  instance  where  the  first  well  drilled  on  a  lease 
of  200  acres  produced  over  1200  bbl.  the  first  24  hr. ;  an  ofifer  of  $1,250,000 
\ivas  made  for  the  property  but  refused  as  the  tax  on  excess  profits  was  then 
fixed  at  60  per  cent,  which  would  have  left  the  owners  with  less  than  a 
40  per  cent,  profit.    It  therefore  seemed  better  to  take  the  annual  in- 
come from  the  property  at  a  lower  rate  of  tax  and  eventually  get  a  much 
g;reater  return.    There  was  also  a  fear  of  an  80  per  cent,  tax  being  levied. 
Tlie  result  was  that  if  the  20  per  cent,  tax  which  has  since  been  assured 
us  bftd  been  in  force  the  sale  would  have  been  made  and  the  government 
^would  have  received  $250,000  on  that  transfer  and  the  same  taxes  on 
production  it  has  been  getting.    Incidentally,  the  value  of  that  property 
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has  dropped  about  75  per  cent,  so  the  tax  would  really  have  been  levied 
on  a  surplus  of  capital  above  real  value.  This  case  is  typical  not  in 
decreased  value  but  in  the  effect  of  excessive  taxation  closing  the  avenues 
of  revenue  to  the  government. 

In  the  mid-Continent  field,  while  development  have  been  veiy  active 
in  the  effort  to  produce  a  maximum  of  oil  for  war  purposes,  there  have  been 
practically  no  transfers  of  property  during  the  past  12  months.  The 
sales  of  property  terminated  along  about  March  of  last  year,  as  soon  as 
the  people  began  to  see  what  the  tax  effect  would  be.  Some  transfers 
were  attempted  on  deferred  payment  basis,  an  evasion  of  the  tax  law 
that  did  not  get  very  far.  The  whole  effect  of  high  taxation  has  been  to 
retard  the  industry  and  reduce  the  revenues.  If  we  can  keep  our  taxes 
at  some  point  that  will  not  interfere  with  the  activity,  the  government's 
revenue  will  be  at  a  maximum  and  far  greater  than  it  can  be  under  ex- 
cessively high  taxes. 
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Industry,  Democracyi  and  Education* 

BT  C.  ▼.  00BLB8S,t  COmSTON,  ONT. 
(New  York  Meeting,  Febniwy,  1910) 

We  are  living  at  a  period  of  the  world's  history  in  which  social  phe- 
nomena are  on  so  vast  a  scale,  are  of  so  profoundly  soul-searching  a 
nature,  and  are  occurring  in  such  rapid  succession  in  the  great  world 
drama  in  which  we  are  both  actors  and  spectators,  that,  in  our  efforts  to 
obtain  a  rational  point  of  view  in  relation  to  them,  our  minds  may  fail  to 
discern  the  simple  in  the  complex  and  our  understanding  is  liable  to  be- 
come confused  or  even  overwhelmed.    To  the  social  student  whose  scien- 
tific training  has  convinced  him  of  the  truth  of  the  evolutionary  law, 
Natura  rum  facit  solium,  it  is  neither  the  vast  scale  of  the  events,  their 
deeply  soul-stirring  nature,  nor  their  rapid  succession  that  matters  so 
much,  as  the  discovery  of  the  underlying  principle  or  law  in  accordance 
with  which  the  disintegration  and  reintegration,  which  are  the  two  aspects 
of  social  evolution,  or  indeed  of  evolution  everywhere,  are  occurring.    He 
is  most  deeply  concerned  in  seeking  an  answer  to  the  question:  Have  we 
in  the  present  great  and  perplexing  upheavals  in  human  society,  whether 
regarded  in  Central  Europe,  in  Russia,  in  Great  Britain,  or  in  America, 
a  really  new  cause  at  work,  or,  have  we,  though  on  a  very  large  scale, 
merely  new  manifestations  of  the  working  out  of  an  old  principle? 

When  we  think  of  the  appalling  struggle  in  Europe,  into  which  the 
world's  greatest  exemplar  of  democracy  was  finally  drawn,  no  one  has 
any  hesitation  in  admitting  that  the  great  conflict  was  fundamentally  a 
life-and-death  struggle  for  self-preservation  and  self-propagation  on  the 
part  of  autocracy.  The  variations  we  meet  with  in  the  statement  of  the 
cause  of  the  war  arise  mainly  from  differing  distances  of  perspective;  but 
in  the  last  analysis  all  agree  that  the  autocratic  system  of  political  gov- 
ernment, which  found  its  very  soul  and  center  in  Prussian  despotism,  was 
consciously  arrayed  in  a  final  'Vorld-power-or-downfall"  struggle  against 
a  love  of  freedom  which  was  steadily  widening  and  deepening  throughout 
the  world,  and  particularly  throughout  those  parts  of  the  world  where  this 
[ove  of  freedom  and  justice  has  found  expression  in  democratic  institutions. 
It  is  not  irrelevant  to  our  discussion  to  recall  in  passing  that  this  most 
imposing  structure  ever  conceived  by  the  human  mind  as  an  instrument  of 
tyranny  is  lying  today  an]  irretrievable  mass  of  ruins,  completely  over- 

*  Presehted  at  the  joint  session  with  the  Canadian  Mining  Institute. 
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a  principle  that  has  divided  and  shaken,  and  is  at  the  present  mom^t 
dividing  and  shaking,  the  world  of  man  to  its  very  foundations,  sorely 
it  is  time  we  took  the  trouble  to  grasp  it  clearly,  surely  it  is  time  we  ceased 
playing  and  jockeying  with  the  issues  raised  by  it  and,  like  men  of  full 
mental  stature,  frankly  recognized  it  and  deliberately  so  shaped  our  con- 
duct as  to  accord  with  it.  Evasion,  under  such  circumstances,  is  senseless. 
What  is  needed  is  clear  and  fe^less  thought,  decision,  and  resolution. 
It  ig  not  sufficient  excuse  thai  we  cannot  clearly  see  all  the  details  of  our 
future  progress.  In  this  matter,  we  may  well  take  a  lesson  from  your 
honored  President  in  dealing  with  the  principle  of  the  League  of  Nations. 
We  should  clearly  and  fearlessly  grasp  and  stick  to  the  principle, 
knowing  that  errors  in  detail  will  be  more  easily  corrected  than  failure  in 
principle. 

The  sooner  we  recognize  this  single,  simple  principle  as  the  root  cause 
of  the  existing  industrial  antagonism,  just  so  much  the  sooner  shall  we 
begin  to  work  intelligently  toward  a  permanent  solution  of  the  problem 
which  faces  us  in  the  continual,  but  often  clouded,  struggle  between 
capital  and  labor.  Any  step  taken  in  clear  recognition  of  this  will  be  a 
step  nearer  the  real  solution  of  the  problem.  Other  steps  may  be  taken 
from  the  best  of  motives,  they  may  be  based  on  the  most  humane  feelings, 
they  may  be  fully  justified  and  worthy  of  the  highest  commendation,  but 
if  they  do  not  in  some  way  conduce  to  this  end,  they  will  not  assist  in 
effecting  a  final  solution  of  this  great  industrial  problem.  It  is  bett^ 
for  us  to  take  time  to  see  the  goal  clearly.  Then  we  shall  be  able  to  judge 
intelligently  as  to  our  progress  toward  it.  Society  has  abolished  open 
slavery  of  all  kinds.  America  did  this  at  enormous  cost  in  blood  and 
treasure.  The  difficult  problem  now  is  to  abolish  gradually,  and  with 
as  little  economic  confusion  as  possible,  every  other  form  and  semblance 
of  autocratic  rule.  Industry  must  now  gradually  come  to  be  ruled  by 
the  intelligent  consent  and  approval  of  all  the  interested  parties.  In- 
dustrial unrest  will  continue  and  will  increase  until  society  recognizes  this 
and  takes  such  steps  as  will  secure  suitable  organization  and  sufficient 
general  economic  intelligence  to  effect  it.  We  cannot  stop  half  way. 
Democracy  will  not  be  content  with  mere  political  and  mimicipal  eontroL 
It  will  never  leave  the  matters  that  affect  most  deeply  and  intimatdy 
our  very  existence  and  manner  of  life  to  the  autocratic  decisions  of  a  few, 
no  matter  how  worthy  or  how  intelligent  they  may  be. 

England  already  recognizes  this  and,  as  you  are  all  now  fully  aware, 
has,  imder  the  Whitley  scheme,  of  which  I  gave  a  brief  prefiminazr 
accoimt  before  the  Canadian  Mining  Institute  last  Spring,  adopted  tlie 
idea  as  a  government  policy.  Her  industries,  in  particular  those  most 
highly  organized  on  the  side  of  both  capital  and  labor,  are  being  organised 
under  this  scheme.  Many  Joint  Industrial  Councils  are  already  formed. 
No  doubt  you  in  America  will  watch  the  organization  and  the  working 
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out  of  the  functions  of  these  with  the  greatest  interest,  as  we  shall  in 
Canada.  This  government  recognition  of  the  principle  of  representation 
of  the  governed  in  industrial  relations  is  a  first,  but  an  enormous,  step 
in  the  right  direction. 

A  fair  and  proper  sharing  in  the  control  of  industry  among  the  several 
codperating  factors  will  gradually  bring  about  that  feeling  of  interest  and 
responsibility  and  that  just  division  of  the  joint  product  amoiig  the 
interested  parties  which  will  restore  the  incentive  to  do  one's  best  and 
wiQ  make  industry  once  more,  as  it  should  always  have  remained,  the 
handmaid  of  human  welfare.    Industry,  properly  conceived,  is  not  some- 
thing to  seek  to  run  away  from  as  long  and  as  frequently  as  possible,  for 
holidays.    Work,  done  under  proper  conditions  and  with  the  right  atti- 
tude of  mind,  can  be  made  so  mentally  stimulating  as  to  yield  very  real 
pleasures  of  its  own.    When  it  does  thus  stimulate  interest  and  thought, 
it  ceases  to  be  drudgery  and  no  longer  fills  the  mind  of  the  worker  with 
envy  and  bitterness.    When  a  man  has  reason  to  take  deep  interest  and 
pride  in  his  work  because  he,  jointly  with  others,  contributes  his  energy 
and  intelligence  to  a  common  result  or  product  in  which,  he  is  interested 
and  in  which  he  is  convinced  he  will  have  a  just  share,  he  will  cease  to 
watch  the  clock  and  will  experience  some  of  the  real  joy  of  work  of  which 
we  hear  so  much.    We  need  only  analyze  our  own  experiences  to  realize 
the  truth  of  this.    Any  doubts  we  may  have  as  to  the  exact  truth  of  this 
probably  arise  from  our  daily  experience  with  men  whose  independence 
and  self-respect  have  been,  in  part  at  least,  lost,  owing  to  long  years  of 
domination  by  our  existing  industrial  system.    Probably  the  most  per- 
nicious defect  of  the  existing  system  is  this  gradual  imdermining  of  the 
workmen's  personal  responsibility,  interest,  and  self-respect,  which  are  so 
essential  to  the  development  of  personahty  and  character. 

The  British  machinery  appears  to  be  based  on  the  right  principle. 
The  Joint  Industrial  Councils  (of  national  scope  in  each  industry),  the 
District  Councils,  and  the  Shop  Committees  are  based  on  equal  represen- 
tation of  capital  and  labor.  That  experience  in  its  operation  will  prove 
considerable  modification,  adaptation,  and  adjustment  to  be  necessary,  is 
to  be  expected,  as  in  the  case  of  any  other  new  machinery;  and  that 
diflicuhies  will  arise  from  time  to  time,  particularly  in  the  less  organized 
or  wholly  unorganized  industries,  iis  a  practical  .certainty.  But,  if 
machinery  is  designed  on  the  right  fundamental  principle,  such  alteration 
and  adaptation  merely  indicate  progress  and  are  easy.  If  dedgned  on  the 
wrong  principle,  the  more  the  machinery  is  perfected  the  deeper  are  we 
plunged  into  the  original  error. 

There  can  be  little  doubt  that  in  recognizing  the  representative,  or 
democratic,  principle  in  industry  and  in  adopting  this  principle  as  the 
basis  of  a  national  industrial  policy,  Great  Britain  has  started  on  the 
right  track.    It  is  peculiarly  appropriate  that  England,  the  mother  of 
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parliaments  as  well  as  of  the  modem  industrial  systemj  should  now  take 
the  lead  in  introducing  the  parliamentary  idea  into  the  organisations  for 
controlling  industrial  relations,  as  a  principle  oi  national  economic  recon- 
struction. But  let  no  one  confuse  starting  in  the  right  direction  with 
completing  the  journey;  creating  machinery,  with  carrying  out  the  work 
the  machinery  was  designed  to  accomplish.  The  joum^  is  only  b^on 
and  it  promises  to  be  very  long  and  beset  with  many  difficulties.  The 
history  of  poUtical  democracy  should  warn  us  of  this.  The  work  to  be 
performed  by  this  new  machinery  will  be  vast  in  amount.  Thou^,  if  it 
gradually  removes  the  deep  cause  of  the  present  antagonism  and  thus 
restores  a  high  efficiency  in  industry,  it  will  be  the  means  of  adding 
greatly  to  the  national  wealth,  contentment,  happiness,  and  prosperity; 
yet,  because  it  will  surely  affect  the  distribution  of  wealth,  it  may  ulti- 
mately mean  serious  apparent  economic  loss  to  many  individuals.  All 
the  more  does  society  need  once  for  all  to  assure  itself  that  the  under- 
lying principle  it  is  adopting  is  right  and  just  to  all. 

Has  any  one  any  doubt  of  this?  Has  it  ever  proved  to  be  true  that 
any  people,  or  any  section  of  any  people,  can  safely  entrust  any  aspect 
of  their  progress  and  well-being  to  any  other  people  or  class?  Has  it 
ever  proved  otherwise  than  that  both  parties  were  injured?  Have  you 
any  knowledge  of  any  instance  which  did  not  tend  toward  moral  d^enera- 
tion  of  both  sides  of  such  an  arrangement?  Do  not  present  industrial 
relations  further  illustrate  the  truth  of  this?  Have  we  not  all  some 
experience  of  the  moral  degeneracy  that  has  resulted  in  industry  from 
failure  to  recognize  this  principle? 

Our  industrial  machines  have  been  turning  out  two  products.  We 
have  so  far  intently  regarded  the  one  and  largely  neglected  the  other. 
But  the  human  product,  which  has  been  largely  neglected,  is  of  infinitdy 
greater  importance  than  the  material  product.  Our.aim  has  been  so  to 
beneficiate  the  material  entering  our  plant  that  it  may  be  of  increased 
economic  value  when  it  leaves  the  plant.  But,  if  we  do  this  at  the  cost  of 
shrinkage  in  value  of  the  personality  of  those  operating  the  plant,  where 
is  to  be  the  recompense?  Can  this  loss  justly  be  compensated  by  wages, 
or  by  dividends  paid  to  some  one  else?  Do  you  know  of  any  conditions 
under  which  human  personality  does  not  deteriorate,  except  those  of 
freedom?  Does  the  present  method  of  organizing  industry  by  a  few, 
generally  without  consultation  with  or  representation  of  the  many  othere 
who  are  intimately  concerned  in  it,  secure  this  feeling  of  freedom?  I 
believe  that  all  morally  just  and  honest  men  who  will  take  the  trouble 
to  think  out  the  fimdamental  issues  of  this  industrial  question,  wiUi 
sufficient  clearness  to  grasp  the  principle  involved,  will  readily  admit 
the  justice  and  rightness  of  the  general  principle  on  which  the  Whitley 
scheme,  adopted  as  a  labor  policy  by  the  British  Government,  is  baaed. 

If  this  opinion  is  right,  if  the  democratization  of  industry  is  the 
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principle  from  which  all  real  progress  in  adjusting  industrial  relations 
must  start,  then  we  can  hardly  dwell  on  this  matter  too  long  or  too  thor- 
oughly. It  is  necessary  to  saturate  our  minds  with  it  so  thoroughly  that 
it  will  gradually  change  our  habits  of  thought  and  action,  that  it  will 
permeate  all  our  views  and  change  all  our  attitudes  and  feelings  toward 
our  fellow  men  in  industry.  When  we  have  thus  become  thorough 
converts  to  this  view,  Inhere  will  be  some  hope  that  organization  to  give 
effect  to  it  may  have  a  chance  of  success.  Not  otherwise.  This  is  at 
bottom  essentially  an  ethical  question.  If  democratic  organization  is 
not  based  on  conviction,  I  feai*  it  will  prove  to  be  a  form  without  spirit. 
But  it  is  further  necessary  that  we  seek  to  propagate  this  view  as  widely 
as  possible.  For  these  principles  cannot  be  carried  out  by  individual 
firms  with  complete  success.  Economic  organization  is  no  longer  local; 
in  very  few  respects  is  it  even  national;  more  and  more  is  it  becoming 
cosmopolitan.  Hence  we  should  avail  oiu'selves  of  every  opportunity 
to  discuss  this  question  publicly;  and  it  is  even  more  necessary  that, 
in  our  capacity  as  citizens,  we  should  give  voice  to  the  demand  that 
our  educational  systems  give  greater  attention  to  these  social  and  moral 
questions  in  the  programs  of  our  schools  and  colleges.  As  quickly  as 
possible,  these  institutions  should  be  adapted  to  meet  society's  present, 
urgent,  social  and  moral  needs. 

For,  consider  for  a  moment  what  will  happen  in  these  Joint  Industrial 
Councils  if  each  side  comes  to  the  discussion  without  such  sound  and 
sane  knowledge  of  economic  questions  and  such  ethical  views  as  will 
create  in  the  minds  of  both  parties  common  standards  of  social  justice 
and  right.    On  any  issue  of  importance  the  work  of  the  representatives 
will  end  in  either  of  two  very  undesirable  results.    Either  the  deadlock 
between  the  trade  unions  on  the  one  side  and  the  employers'  associations 
on  the  other  will  have  been  transferred  to  a  debating  organization  in 
which  neither  side  can  bring  conviction  to  the  other;  or,  even  if  the 
discussions  that  occiu*  in  the  Industrial  Councils  do  bring  about  a  satis- 
factory compromise,  such  decision  will  be  refused  acceptance  by  the  rank 
and  file.    Until  both  parties  to  the  disputes  are  educated  in  economic 
matters  up  to  the  degree  at  which  they  can  grasp  clearly  what  is  economic- 
ally possible  and  what  is  socially  best,  and  until  they  have  clear  ethical 
views  as  to  the  real  end  and  purpose  of  all  industry  as  social  service,  in 
other  words,  until  they  are  so  educated,  either  in  early  life  or  later,  that 
they  have  the  mental  attitude  and  training  practically  acquired  which 
will   enable  them  to  grip  clearly  and  rationally  these  complex  social, 
economic,  and  ethical  questions  when  fully  discussed  with  (hem,  of  what 
use  can  the  mere  creation  of  this  new  democratic  machinery  be? 

With  labor  sharing  thus  in  the  control  of  industry,  one  of  the  problems 
that  will  ultimately,  but  inevitably,  come  to  the  front  for  discussion  and 
settlement  will  be  the  principles  on  which  must  be  based  the  equitable 
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distribution  of  wealth — a  fair  aharipg  of  the  joint  product  of  indtutry 
among  labor,  capital,  management,  and  the  community.    The  growth 
of  human  intelligence  is  making  possible  the  production  of  very  greatly 
increased  wealth,  that  is,  goods  and  services  of  all  kinds  necessary  to  supply 
the  needs  and  desires  of  human  beings.    Surely  the  further  growth  of 
intelligence,  if  accompanied  by  a  corresponding  growth  in  moral  feeling 
and  purpose,  will  gradually  solve  the  problem  of  preventing  the  partial 
frustration  of  the  great  purpose  for  which  wealth  is  created;  viz.,  human 
well-being,  the  highest  degree  of  which  can  be  brought  about  only  by  its 
fair  and  just  distribution.    But  this  is  an  economic  and  ethical  question 
of  the  greatest  complexity  and  it  lies  at  the  very  core  of  many  other 
economic  questions,  for  all  of  which  a  just  and  practical  solution  must  be 
found.    Nor  is  it  just  that  the  solution  of  this  difficult  but  important 
question  should  be  left  mainly  in  the  hands  of  two  or  even  three  of  the 
four  interested  parties.    A  thorough  study  and  discussion  of  it  by  aU 
four  interested  parties  is  the  only  just  method.    No  other  method  would 
be  thought  of  under  any  other  than  the  semi-autocratic  conditions  pre- 
vailing in  industry.    We  are  safe  in  saying  that  very  few,  if  any,  today 
have  given  sufficient  study  and  thought  to  this  question,  though  of  sudi 
basic  importance,  to  state  clearly  the  principles  in  accordance  with  which 
details  of  a  just  and  right  solution  may  be  worked  out  in  any  given  case. 
If  I  mention  this  quesion,  it  is  not  done  with  any  intention  of  suggesting 
that  I  have  reached  clearly  defined  views  on  this  vitally  important  matter, 
or  of  causing  needless  agitation  by  raising  one  of  the  most  burning  of 
economic  questions,  but  rather  that  we  may  count  the  full  cost  of  democra- 
tizing industry  before  deciding  deliberately  to  adopt  the  principle.    As 
stated,  once  the  initial  step  is  taken,  I  believe  the  only  logical  advance 
will  lead  inevitably  to  this  problem.    If,  as  seems  inevitable,  industry  is 
to  be  democratized,  whether  agreeable  to  all  or  not,  and  if  this  is 
to  be  effected  in  the  highest  interest  of  all,  then  all  sections  of  society 
should  somehow  be  trained  to  think  economically,  socially,  and  ethi- 
cally, so  that  at  least  a  large  mi^jority  will  be  in  a  position  to  appreciate 
the  justice  of  the  best  solution  of  this  and  other  difficult  economic 
problems  connected  with  industry. 

The  economic  and  ethical  mental  equipment  for  this,  I  believe,  can 
best  be  formed  by  a  rational  educational  system — a  S3rstem  that  r^^ards 
as  its  central  aim  the  efficient  preparation  of  oncoming  citizens  for  citi- 
zenship in  a  commonwealth  that  aims  to  be  democratic  through  and 
through,  in  industry  as  well  as  in  matters  of  civil  and  political  govemment. 
This  is,  in  my  judgment,  the  surest,  if  not  the  only,  method  by  which 
society  can  avoid  the  economic  confusion  and  distress,  if  not  revolution, 
toward  which  we  appear  to  be  heading.  I  fear  these  distressing  condi- 
tions may  come  about,  if  we  do  not  clearly  and  frankly  recognise  the 
tendency  of  the  present  almost  universal  social  movement  and  make  ade- 
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quate  preparation,  by  widespread  social  and  ethical  enlightenment,  to 
guide  and  assist  it.  Our  general  educational  systems  should  be  so 
adapted  as  to  prepare  those,  who  will  tomorrow  provide  the  capital  and 
perform  the  mental  and  physical  labor  connected  with  industry  for  a 
steady  growth  in  an  intelligent  application  of  the  democratic  principle 
to  industry.  Industrial  peace  will  never  be  attained  as  long  as  capital 
and  management  assume  the  right  to  a  final  say  on  matters  intimately 
affecting  the  welfare  and  even  the  self-respecting  existence  of  a  very 
numerous  class,  whose  loyal  cooperation  is  as  essential  to  the  success 
of  every  industrial  enterprise  as  their  own. 

Is  it  clearly  recognized  that  we  are  at  the  beginning  of  a  great 
transition  period  in  industry?  Do  we  realize  that  the  autocracy  of  capi- 
tal is  coming  to  an  end?  Such  periods  of  widespread,  rapid,  social  change 
are  times  of  peculiar  danger.  It  is  in  the  power  of  the  present  members 
of  society  either  to  recognize  the  principle  at  work  and  to  lend  intelli- 
gent assistance  to  the  movement,  or  to  increase  the  social  danger  by 
opposing  it. 

There  is,  imfortunately,  here  and  there,  a  revolutionary  element  in 
labor,  usually  arising  from  a  vague  sense  of  injustice  which  urges  the  mind 
toward  aspirations,  frequently  impossible  of  attainment.  Unless  there 
exists  a  fair  knowledge  of  economic  facts  and  principles,  making  clear 
to  all  parties  what  is  attainable  and  by  what  methods,  and  imless  there 
exists  also,  in  the  great  majority,  moral  purpose  and  determination, 
revolutionary  schemes  may  have  every  appearance  of  being  not  only 
practical  but  legitimate  and  just.  There  is  also,  even  among  persons  of 
fair  general  education  who  have  paid  but  little  attention  to  social  and 
economic  questions,  too  prevalent  a  belief  that  society  can  easily  be  re- 
constructed along  the  lines  of  some  simple,  socialistic  formula;  a  belief, 
in  other  words,  that  a  new  social  world  can  quickly  be  built  by  consti- 
tutional means.  This  state  of  mind,  if  widespread,  is  a  very  real  danger. 
It  may  become  the  precursor  of  bolshevism  and  red  revolution.  The 
greatest  safeguard,  if  not  the  only  effective  safeguard,  against  it  is  wide- 
spread social,  economic,  and  ethical  education. 

He  who  hopes  to  confine  the  waters  of  a  perennial  stream  courts 
disaster.  The  springs  of  social  energy  and  change  are  inexhaustible. 
The  wisest  course  is  to  recognize  social  aspirations  and  tendencies,  to  aim 
to  give  them  intelligent  direction  by  universal  and  thoroughly  democratic 
education,  and  to  afford  them  an  adequate  means  of  rational  develop- 
ment and  expression  by  efficient,  democratic  organization.  This  holds 
true  in  every  field  of  social  activity,  inclusive  of  industi^.  It  is  the 
^nethod  that  will  secure  the  most,  real  and  rapid  progress. 

The  democratization  of  industry  is  not  more  a  matter  of  expediency 
than  a  moral  necessity.  The  moral  failure  of  the  autocratic  method  in 
industry  is  shown  by  the  hopeless  divergence  of  view  of  capital  and  labor 
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generally.  The  nation  that  leaped  to  its  feet  as  champion  of  the  great 
cause  of  world  freedom,  as  soon  as  conscience  so  decreed,  even  though 
every  historical  tradition  might  be  violated  by  the  decision,  will,  I  feel 
confident,  never  permit  questions  of  business  tradition  or  of  economic 
selfishness  prevent  her  from  championing  the  ckuse  of  democracy  in 
industry,  when  once  she  is  convinced  of  its  justice,  its  righteousness,  and 
its  practicability.  Its  practicability  rests  mainly  on  an  intelligent 
adaptation  of  the  general  education  of  all  citizens  to  this  end.  The  prog- 
ress of  democracy  is  indeed  almost  entirely  an  educational  problem. 

Industry  sustains  the  life  of  every  civilised  human  being.  It  lies 
thus  at  the  very  foimdation  of  every  other  human  activity.  We  degrade 
industry  when  we  regard  it  solely  or  mainly  as  a  means  of  private  gain. 
Participation  in  industry  is  social  service  of  the  very  highest  order,  since 
no  other  social  service  is  possible  without  it.  When  this  view  is  widely 
and  clearly  grasped  and  when  it  becomes  an  actuating  motive  to  indus- 
trial activity,  industry  will  attain  to  the  position  of  real  dignity  proper 
to  it — ^the  dignity  that  is  now  generally  conceded  only  to  the  pursuit 
of  pure  science.  It  will  never  be  possible  to  engender  a  spirit  of  loyal 
cooperation  between  capital  and  labor  in  industry  with  nothing  nobler 
to  inspire  it  than  the  low  motive  of  private  gain.  A  widespread  imity 
of  spirit  cannot  be  fostered  without  a  great  and  worthy  ideal.  If  we 
hope  to  reimite  society  by  bonds  of  common  selfish  interests,  we  are 
doomed  to  disappointment.  Only  mutual  service  unites;  selfishness 
disintegrates.  The  honor  that  is  supposed  to  hold  together  a  band  of 
thieves  is  mutual  service  while  it  lasts,  but  it  seldom  withstands  for 
long  the  disintegrating  selfishness  of  their  deeper  nature.  The  inspiring 
unity  begotten  by  a  noble  and  worthy  ideal  was  never  more  convincin^y 
shown  than  by  the  alacrity  of  the  response  of  every  class  in  America  to 
the  call  for  defense  of  world  freedom.  No  threatened  suffering,  loss,  or 
danger  was  a  sufficient  deterrent  to  hold  men  bac|:  in  the  presence  of  this 
great  and  noble  ideal.  Suitable  organization  for  effecting  perfect  co^ 
eration  quickly  resulted.  But  an  attempted  organization  without  the 
great  central,  unselfish  piupose  would  have  effected  nothing.  It  is 
primarily  not  a  question  of  form  but  of  spirit. 

This  ideal,  that  industry  is  social  service  of  the  most  fundamental 
nature  and  therefore  of  the  highest  order,  by  no  means  precludes  the 
incentive  of  intelUgent  self-interest.  Neither  did  the  ideal  of  world 
freedom.  If  closely  regarded,  both  will  be  seen  rather  to  include  than  to 
exclude  the  highest  self-interest.  The  moral  universe  is  fortunately 
so  constituted  that  the  highest  self-interest  is  always  best  served 
I  y  considering  the  welfare  of  our  fellow  men.  ''  He  that  saveth  his 
life  shall  lose  it.''  Selfishness  is  self-defeating.  Unselfishness  is  the 
only  efficient  selfishness.  The  highest  attainable  industrial  efficiency, 
which  we  are  all  striving  after,  must  ultimately  rest  on  this  moral 
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foundation  of  social  service.  This  will  be  its  ideal,  and  its  method 
will  be  democracy  and  a  "square  deal.''  The  nation  that  successfully 
and  widely  inculcates  this  ideal  will  lay  a  sure  foundation  of  hi^ 
individual  as  well  as  national  efficiency  and  prosperity.  The  intelligent 
rooting  in  the  minds  of  the  oncoming  generation  of  this  higher  economic 
ideal  of  industry  as  social  service  and  the  upbuilding  of  the  less  selfish 
character  necessary  to  bring  it  increasingly  into  practical  effect  afford 
the  greatest  educational  opportunity  today. 

In  an  address  before  the  College  and  High  School  Department  of  the 
Ontario  Educational  Association  last  April,  in  a  slightly  different  con- 
nection, I  expressed  this  view  in  these  words: 

''Society  already  has  before  it  a  mass  of  unsolved  social  problems 
some  of  which  we  have  broadly  outlined,  and  of  which  none  exists  of 
more  fundamental  importance  to  the  welfare  of  all  than  the  antagonism 
between  Capital  and  Labor.  This  problem,  I  believe,  can  be  solved  only 
by  applying  the  democratic  principle  to  industrial  relations.  The  Anglo- 
Saxon  struggle  for  democratic  freedom  has  continued  for  more  than  seven 
centmies.  It  will  not  finally  be  won  until  the  autocracy  of  capital  is 
uprooted  in  industry.  But  the  economic  tmderstanding,  the  ethical 
feeling  and  determination,  the  mental  attitude — ^the  indispensable  psy- 
chological condition  for  getting  together  and  viewing  industry  as  a  joint 
undertaking — must  exist  on  the  side  of  both  Capital  and  Labor,  before 
democratic  organization  for  working  amicably  together  can  accomplish 
any  good  results.  The  idea  must  precede  the  expression;  so  must  the 
psychological  condition  precede  the  organization.  Hence  we  must  aim 
to  instil  the  truly  democratic  spirit  of  intelligent  cooperation  and  social 
service  in  all,  through  our  educational  institutions,  which  citizens  must 
rely  upon  to  guide  and  quicken  our  social  evolution  ih  the  manner 
outlined." 

If  we  attach  so  much  importance  to  the  formation,  by  every  educa- 
tional means  at  our  disposal)  of  sound  economic  and  ethical  ideas  and 
ideals,  in  the  minds  of  aU  oncoming  citizens,  why,  it  may  be  asked,  do  we 
further  attach  so  much  importance  to  the  democratic  form  of  organization 
as  a  means  of  solving  the  deadlock  between  capital  and  labor?  Long 
experience,  which  has  indeed  culminated  in  the  recent  world  calamity, 
has  shown  that  autocratic  rule  in  any  sphere  of  life  gives  birth  to  ill-will, 
want  of  confidence,  jealousy,  and  selfish  ambitions.  The  secrecy  of  its 
methods  creates  the  stifling  and  murky  atmosphere  in  which  spring  up, 
as  in  a  hot-bed,  injustice,  deception,  suspicion,  and  distrust.  This  does 
not  deny  that  the  autocratic  form  of  rule,  in  both  the  industrial  and  tha 
political  fields,  has  produced  many  results  that,  in  outward  appearance 
at  least,  were  praiseworthy.  But  autocratic  rule  cannot  safely  be  esti- 
mated at  its  face  value.  It  has  proved  rotten  at  the  heart.  Super- 
ficially regarded,  it  may  have  appeared  brilliantly  successful,  but  it  has 
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proved  itself  a  whited  sepulchre.  It  talked  peace  but  secretly  plotted 
war.  It  preached  ''kultur''  but  attempted  by  sudden  oiislaug;ht  to 
wreck  civilization  and  nearly  succeeded  in  its  fell  purpose.  Its  much 
vaunted  e£5iciency  was  only  apparent.  It  was  purely  material.  It  failed 
at  the  very  core.  It  failed  to  develop  human  personality  and  character. 
The  world  today  stands  aghast  at  the  full  revelation  of  its  human,  or 
rather,  inhuman,  product.  Can  we  honestly  deny  that  this  indictment 
of  political  autocracy  applies  in  some  degree  to  the  autocratic  form  of 
organization  in  industry?  Does  it  not  appear  to  be  working  similar 
havoc  ?  Distrust,  suspicion,  and  antagonism  are  widespread.  The  demo- 
cratic form  of  organization  gives  the  best  assurance  of  any  method  which 
human  society  has  so  far  discovered  of  the  kind  of  open-and-above-board 
treatment  and  the  ''square  deal''  on  which  alone  confidence  and  good- 
will can  rest.  Thorough  organization  must  exist  in  either  case.  The 
difference  lies  in  the  origin  of  the  authority  and  in  the  consequent 
responsibility. 

A  question  that  deeply  concerns  us  as  engineers,  managers,  or  super- 
intendents of  industrial  enterprises  is  that  of  efficiency.  In  this  matt^, 
I  fear,  we  have  much  blame  to  accept  for  narrowness  of  view.  Because 
of  our  special  training  in  the  material  sciences  and  their  application  to 
industry,  we  have  confined  our  attention  altogether  too  exclusively  to 
machines,  to  processes,  to  arrangement  of  plants,  and  to  the  external 
forms  of  organization.  We  have  paid  far  too  little  attention  to  the  "im- 
ponderables"— to  ethical  standards,  to  psychological  conditions,  and  to 
the  mental  attitude  of  those  on  whom  real  efficiency  must  finally  depend. 
Surely  it  must  be  apparent  to  every  one  that  there  cannot  be  any  approach 
to  the  highest  attainable  efficiency  in  production  if  there  exists  a  general 
atmosphere  of  suspicion,  distrust,  and  antagonism.  Opposing  forces  tend 
to  cancel  one  another.  A  high  resultant  can  be  obtained  only  by  parallel- 
ing both  the  mental  and  the  physical  forces  at  work.  Ck>mplete  and 
efficient  cooperation  of  the  various  factors  in  industry  can  be  obtained 
only  in  an  atmosphere  of  confideqce  and  good-will.  Efficient  means  of 
open  discussion,  knowledge  of  sound  economic  and  ethical  principles,  and 
sterling  character  are  essential  prerequisites  of  confidence  and  good-will, 
hence  also  of  high  efficiency. 

Industry  has  so  far  been  under  highly  centralized  rule.  In  this  gov- 
ernment, capital  and  management  have  had  predominating  sway.  Labor 
has  had  little  or  no  share.  We  are,  I  believe,  at  the  threshold  of  self- 
government,  or  the  application  of  the  democratic  principle  to  industry. 
We  all  need  economic  and  ethical  preparation  for  the  more  complex 
responsibilities  this  will  cause  to  rest  on  us.  Many  old  ideas  and  ideals 
regarding  industry  and  business  in  general  will  find  their  way  to  the  scrap 
heap.  In  the  change,  not  only  industry  but  we  ourselves  will  rise  to  a 
new  dignity.    Industry  will  become  more  worthy  of  the  best  efforts  of 
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all.  In  a  new  sense  it  will  become  the  servant  of  the  community  and 
the  handmaid  of  human  well-being,  in  place  of  rbeing  largely  a  source  of 
private  gain  and  a  cause  of  friction  and  conflict  between  opposing  classes 
of  society.  It  will  thus  come  not  only  efficiently  to  supply  the  physical 
needs  but  also  to  minister  to  the  high  moral  and  spiritual  purposes  of 
human  life.  In  this  new  government,  all  interested  parties,  not  omitting 
labor,  the  largest  party,  will  have  a  voice.  On  this  continent  the  entire 
machinery  of  industrial  self-government  has  yet  to  be  worked  out  but  it 
will  probably  be,  as  in  England,  of  such  a  nature  as  to  embrace  existing, 
even  though  at  present  antagonistic,  organizations.  This  safe  method 
of  building  brick  by  brick  on  the  f  oimdation  of  existing  institutions  and 
esqperience  is  characteristic  of  the  Anglo-Saxon  genius  for  at  once  securing 
progress  and  av9iding  revolution.  In  our  study  of  this  problem  during 
the  next  few  years,  it  will  well  repay  us  to  give  careful  attention  to  the 
working  out  of  the  Whitley  scheme  in  Great  Britain. 

English-speaking  peoples  have  been  foremost  in  the  development  of 
democratic  political  government,  which  they  have  recently  joined  hands 
in  defending.  Let  us  hope  they  are  destined  now  to  lead  the  world  in 
applying  the  same  principle  to  industry.  This,  if  carried  out  on  a  basis 
of  high  economic  and  ethical  ideals,  as  indeed  it  must  be  if  it  is  success- 
fully to  be  carried  out  at  aU,  will  make  future  war  impossible.  With 
the  overthrow  of  Prussian  despotism,  the  fight  for  freedom  is  only 
half  over.  Political  and  industrial  autocracy  may  exist  peacefully  side 
by  side;  but  political  democracy  and  industrial  autocracy,  never.  We 
may  still  have  a  long  and  difficult  task  ahead,  but  the  job  begun  in  Europe 
must  be  completed  at  home.  The  seeds  of  social  and  international  con- 
flict are  inherent  in  the  present  S3rstem  of  industrial  organization,  which 
rests  on  the  self-disintegrating  foundation  of  human  selfishness  instead 
of  on  the  solid  rock  of  social  service  and  human  welfare.  The  awful 
suffering  and  carnage  in  Europe  will  not  have  been  in  vain  if,  after  it 
all  and  in  some  measure  as  a  result  of  it,  human  society  has  successfully 
started  reconstruction  on  this  new  industrial  foundation,  which,  if  intelli- 
gently and  diligently  built  upon,  will  gradually  bring  conditions  of  per- 
manent, social,  and  international  peace.  In  the  great  war,  the  soldiers 
of  America,  Great  Britain,  and  their  allies  have  shown  the  most  indomi- 
table courage.  Have  we  now  the  moral  courage  to  look  squarely  at  and 
deeply  iuto  this  industrial  problem  and,  if  convinced  of  the  soundness 
and  justice  of  this  method  of  working  out  the  solution  of  it,  to  continue 
at  home  the  courageous  stand  for  democracy,  which  our  brave  fellows 
have  so  valiantly  tsken  in  Europe? 

It  is  the  Nemesis  of  autocratic  rule  that  the  greater  its  apparent 
success,  the  greater  and  the  more  certain  is  its  ultimate  downfall.  If 
the  world  war  has  impressed  on  us  any  one  lesson  more  clearly  than 
another,  it  is  this:  that  no  human  social  structure,  however  imposing 
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in  appearance  or  however  brilliant  in  apparent  success,  can  be  permanent 
unless  it  is  founded  on  the  eternal  principles  of  justice  and  right.  U 
the  principles  herein  discussed  measure  up  to  this  standard,  then,  if  we 
are  reaUy  seeking  a  permanent  solution  of  the  great  industrial  problem, 
rather  than  a  makeshift,  we  must  seek  to  apply  them.    Industry  viD 
not  in  any  case  become  fully  democratized  today  or  tomorrow,  or  even  in 
the  near  future.    But,  if  we  do  not  mis-read  the  meaning  of  present  sodul 
movements  of  world-wide  extent,  progress  in  this  direction  is  as  irresisti- 
ble as  the  tides.    To  prolong  opposition  to  it  is  to  risk  being  overwhebed 
by  the  flood.    The  wise  and  sensible  course  is  for  society  to  recogoiie 
its  own  movement,  to  undertake  the  most  careful  study  of  the  economic 
and  ethical  conditions  giving  rise  to  it,  and  to  arrange  as  quickly  as  m&y 
be  for  widespread  social  training  of  its  members,  in  preparation  for  such 
utilization  of  these  new  powers  as  may  result  in  the  greatest  justice  and 
benefit  to  all. 

One  of  the  most  encouraging  signs  of  the  times  is  the  steadily  increas- 
ing amount  of  time  in  our  technical  societies  and  of  space  in  our  technical 
and  other  more  serious  journals  given  to  a  discussion  of  the  economic,  social, 
and  ethical  aspects  of  industry.  Let  these  discussions  increase  in  both 
volume  and.  earnestness  and  let  this  good  work  be  backed  as  quicUy 
and  as  strongly  as  possible  by  training  the  rising  generation  under  our 
general  educational  systems,  from  common,  school  to  university,  modi- 
fied and  adapted  to  meet  the  social  exigencies  of  the  times. 


Discussion 

S.  J.  Jennings,  New  York. — ^I  had  hoped  to  accentuate,  and  possiblj 
emphasize  from  another  angle,  the  real  fundamental  idea  embodied  in 
Mr.  Corless'  paper  and  trust  that  at  some  future  occasion,  when  time 
is  more  auspicious,  I  will  be  enabled  to  bring  before  you  my  angle  o! 
views  of  the  progress  in  the  industrial  relation  that  has  been  voiced  by 
Mr.  Corless.  One  of  the  things  that  I  want  you  to  think  about  and  if 
possible  bring  up  in  some  future  discussion,  is  the  idea  ^that  seems  to 
be  running  through  all  of  Mr.  Corless'  paper,  that  the  world  should  le 
made  ''safe  for  democracy,''  that  democracy  is  the  salvation  of  the  worid 
Now,  that  is  all  right  if,  after  the  world  has  been  made  safe  for  democrac}, 
democracy  is  made  safe  for  the  world;  and  the  only  means  of  makini 
democracy  safe  for  the  world  is  to  educate  the  people  who  form  lb 
democracy.  A  sovereign  has  been  defined  as  ''A  person  or  determinati 
body  of  persons  who  commanUs  the  rest  of  the  community  who  aie 
habituated  to  obey."  Now,  if  democracy  is  all  of  the  people,  awi 
therefore  all  the  people  are  sovereigns,  their  command  must  be  so  based 
upon  a  clear  conception  of  what  they  ought  to  be  that  they  will  be 


DI8CXJ88ION  635 

I 

naturally  obeyed  by  the  community;  and  the  only  method  that  human 
beings  have  so  far  discovered  of  d6ing  that  is  by  education. 

In  my  opinion,  one  of  the  lessons  that  this  war  has  brought  clearly  to 
us  is  the  necessity  in  education  of  some  military  knowledge.  An  Ameri- 
can colonel  who  had  just  returned  from  the  front  objected  to  this  opinion, 
saying,  ''  To  teach  a  boy  to  be  a  soldier  is  to  teach  him  to  be  a  murderer. 
One  of  the  main  things  that  I  taught  my  men  in  this  war  was  how  to 
cut  the  throat  of  an  opponent  with  a  fork.  I  do  not  want  my  son  to  be 
taught  that  thing."  It  seemed  to  me  that  he  missed  entirely  the  point 
of  view,  which  was  this:  That  while  a  soldier  is  an  organized  murderer, 
that  is  his  end  and  aim,  there  are  factors  in  his  education  that  seem  to  be 
absolutely  essential;  these  are  obedience,  discipline,  and  the  knowledge 
of  things  rather  than  the  knowledge  of  words.  Those  are  the  points  I 
would  like  you  to  think  about  and  I  hope  that  in  some  of  our  meetings 
in  the  future  they  will  be  greatly  discussed,  that  the  progress  that 
is  outlined  and  visualized  by  Mr.  Corless,  which  in  his  hope  and  in  his 
vision  is  a  great  step  forward  toward  the  solution  of  the  difficulties 
between  capital,  labor,  managements  and  the  community,  will  be  solved. 


ar 
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The  English-speaking  Peoples* 

6T  T.    A.   RICKARDjt  SAN  FRANCISCO,    CALIF. 
(New  York  Meeting,  February,  1019) 

Wb  rejoice  that  the  world-war  is  ended.  We  are  proud  of  the  part 
played  by  the  English-speaking  peoples — ^all  doing  equal  honor  to  the 
traditions  they  share  in  common.  One  of  the  compensations  for  the 
calamity  of  the  past  four  years  is  the  fact  that  the  Briton  and  the  Ameri- 
can, striving  together  in  the  cause  of  human  Uberty,  have  learned  to 
understand  and  to  respect  each  other.  The  mother  country  entered  the 
fight  resolutely  at  the  beginning,  while  yet  unready  to  meet  the  carefully 
prepared  onslaught  of  the  enemy;  then  the  sons  from  the  overseas  domin- 
iokis  rallied  to  the  old  battle-cry  eagerly  and  effectively;  and  last,  but  not 
least,  the  stepsons  came  from  across  the  Atlantic,  speaking  the  same 
speech,  playing  the  same  game,  and  fighting  in  the  same  clean  way. 

It  was  a  great  foregathering  of  those  that  use  the  language  of  Shake- 
speare and  idealize  the  principles  of  liberty  for  which  the  friends  and 
associates  of  Shakespeare  stood  sponsor  three  centuries  ago.^    At  a  time 
like  this  it  is  pleasant  to  dwell  upon  the  fact  that  the  Uberal  Englishmen 
who  organized  the  Virginia  company  were  the  pioneers  of  self-govern- 
ment on  the  American  continent.    The  Virginia  Assembly,  convoked  in 
1619,  was  the  first  example  of  a  domestic  parliament  to  regulate  internal 
affairs  on  this  side  of  the  Atlantic*    The  Governor  of  Virginia,  Sir 
Edwin  Sandys,  had  been  a  pupil  of  Richard  Hooker  at  Oxford  and  from 
that  pohtical  teacher  he  and  his  friends  had  imbibed'the  idea  of  combining 
civil  Uberty  with  constitutional  order.    To  this  group  of  large-minded 
Englishmen,  the  American  colonists  owed  their  Uberal  charters  and  their 
successive  triumphs  over  the  royal  prerogative.    Let  it  be  noted  that 
the  American  colonists  had  to  deal  with  James  II  and  George  III,  the  two 
smallest  minds  in  the  list  of  British  kings.    Another  historical  note  more 
pleasant  to  record,  is  the  connection  between  the  two  principal  groups  of 
American  settlers.    In  1608  when  the  Pilgrim  fathers,  William  Brewster 
and  John  Robinson,  led  their  Separatist  congregation  to  Holland  and  there 
prepared  the  expedition  to  America,  they  were  assisted  by  Sandys  and 
the  Virginia  Council,  who  were  willing  to  share  their  privileges  with 
them.    When  the  Pilgrims  set  sail  in  1620  they  had  the  promise,  obtained 
by  Sandys  from  King  James,  that  they  should  have  freedom  of  worship, 

*  Presented  at  the  joint  session  with  the  Canadian  Mining  Institute, 
t  Editor,  Mining  and  Scientific  Press. 

■  Charles  Mills  Gay  ley:  ''Shakespeare  and  the  Founders  of  Liberty  in  America," 
1917. 

'  Alexander  Brown:  ''English  Politics  in  Early  Virginia  History."  * 
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equaUty  before  the  Uw,  and  the  right  to  participate  in  the  government  of 
themselves.  Thus  the  men  whom  we  may  regard  as  the  friends  of  Shakes- 
speare  ai<}ed  the  founders  of  New  England.  Together  they  resisted  the 
King's  arbitrary  dictation.  ''The  political  principles  that  inspired  .  .  . 
that  noble  company  never  died  out  of  Virginia,  never  died  out  of  the 
northern  colony,  called  New  EIngland.  These  were  the  principles  first 
logically  developed  and  clearly  formulated  by  the  tutor  of  Sir  Edwin 
Sandys,  Richard  Hooker.  Disciples  of  Hooker,  associates  of  Shakes- 
peare, were  the  founders  of  the  first  republics  in  the  New  World,"'  These 
political  doctrines  of  Hooker  not  only  inspired  the  founders  of  the  first 
English  settlements  in  America  but  found  an  echo  in  the  minds  of  the 
men  who  led  the  Revolution  and  subscribed  to  the  Declaration  of  Inde- 
pendence. Hooker's  ideas  passed  to  John  Locke,  and  through  him  to 
Benjamin  Franklin,  Patrick  Henry,  and  Thomas  Jefferson. 

It  seems  worth  while  to  make  this  point  insistently.  The  old  Fourth 
of  July  talk  is  out  of  date,  because  it  is  historically  untrue.  Geoige  III 
was  bom  of  German  parents  and  married  a  German  woman.  He  spoke 
Shakespeare's  language  with  a  guttural  accent.  His  government  failed 
to  impose  its  t3rrannic  orders  on  the  British  colonists  in  America  because 
it  was  not  supported  by  the  British  people.  Unable  to  conscript  a  British 
army,  he  hired  the  Hessians.  It  was  against  the  forces  of  a  reactionary 
German  king  that  a  great  Englishman,  George  Washington,  led  his  men 
to  the  winning  of  their  independence.  Lafayette  and  Rochambeau 
brought  French  aid  to  the  revolutionists,  but  their  help  was  prompted 
less  by  love  of  the  colonists  than  by  the  desire  to  hit  at  England,  which 
was  then  at  war  with  France.  It  was  the  despotism  of  Louis  XVT  that 
sent  Rochambeau  and  his  6000  Frenchmen  ''  to  deal  England  a  blow  where 
she  would  feel  it."  That  was  in  1780.  Permit  me  to  remind  you  that 
only  18  years  afterward,  in  1798,  the  young  United  States  was  at  war  with 
France.  This  is  not  mentioned  out  of  ill-will,  but  as  a  historic  fact  of 
some  significance.  We  need  not  belittle  the  romance  of  the  Lafayette 
episode,  even  though  it  has  been  highly  colored,  because  it  is  helping 
today  to  stimulate  cordiality  between  the  United  States  and  France, 
but  we  may  demur  to  the  twisting  of  history  in  order  to  represent  the 
English  people  as  reactionary  and  the  French  people  as  liberal  at  the  time 
of  the  American  revolution.  As  one  who  holds  that  ''every  man  has  tvro 
countries,  his  own  and  France;"  as  one  that  held  this  view  even  in  the 
days  of  Fashoda,  I  venture  to  say  that  the  friendship  now  existing  be- 
tween the  United  States  and  France  is  all  to  the  good,  because  England 
and  France  likewise  are  firm  friends.  Their  entente  cordiaU  joins  with 
French-American  sympathy  in  establishing  a  mutuality  of  good-will 
between  the  three  great  democracies  of  the  world. 


•Gayley:  Op,  cU.^  W. 
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It  remains  to  emphasize  another  fact,  to  which  allusion  has  been  made 
ab^eady,  namely ,  that  the  English  striving  for  political  freedom  prepared 
the  way  alike  for  American  and  for  French  democracy.  Locke,  whose 
doctrines  fed  the  fires  of  the  English  revolution  of  1688  and  those  of  the 
American  revolution  of  1775,  derived  his  ideas  of  constitutional  hberty 
from  his  fellow-countryman  Hooker..  It  was  Locke's  theory  that  was 
embodied  in  the  American  Declaration  of  Independence  in  1776  and  that 
rationalized  the  French  Declaration  of  the  Rights  of  Man  iu  1789.  Rous- 
seau exercised  no  influence  on  the  America  of  1776;  on  the  contrary,  it 
was  from  English  philosophers  and  from  Anglo-American  reformers  that 
the  French  revolution  derived  its  cue.  English  liberalism,  disciplined  by 
centuries  of  conflict,  from  the  Magna  Charta  to  the  Bill  of  Rights,  was  the 
political  mother  of  democratic  institutions  in  the  free  commonwealths  of 
the  world. 

Much  of  the  prejudice  against  England  inherited  by  children  in  the 
United  States  is  due  to  the  unfriendly  tradition  perpetuated  in  their 
school-books.    Great  Britain  did  treat  the  colonists  shabbily  after  they 
had  broken  away  from  the  old  country,  and,  as  the  history  of  this  nation 
is  concerned  chiefly  with  those  early  events,  it  is  not  surprising  that  the 
young  American  should  be  impressed  much  more  by  the  overbearing  atti- 
tude of  Lord  North's  government,  which  was  not  so  very  different  from 
that  of  most  governments  in  those  days,  than  by  the  shabby  treatment 
given,  in  turn,  to  the  loyalists  in  the  American  colonies.    The  so-called 
War  of  1812  was  bound  to  loom  large  in  the  schobl-histories,  because  it 
was  the  first  contest  following  the  achievement  of  American  independence; 
but  it  was  a  tempest  in  a  teapot;  on  land  it  was  badly  fought  on  both  sides, 
although  at  sea  the  young  American  proved  himself  a  chip  of  the  old 
block;  it  was  a  side-show  started  in  the  midst  of  England's  great  contest 
with  Napoleonic  France.    At  that  time  England  had  a  navy  many  times 
bigger  than  the  American,  and  Wellington  had  just  returned  home  from 
his  victorious  Peninsular  campaign  at  the  head  of  100,000  veterans — ^a 
big  army  in  those  days.    In  1814  Napoleon  had  been  defeated,  yet  it 
was  Wellington  that  made  himself  responsible  for  an  honorable  peace  with 
tbe  United  States.    It  must  be  remembered  that  to  the  United  States  the 
Revolution  was  the  very  beginning  of  things;  to  England  it  was  only  one 
incident  in  a  long  and  eventful  history.     "The  game  was  played,  and  she 
bad  lost.    North  America,  in  the  eyes  of  her  statesmen,  was  a  strip  of 
eastern  seaboard;  the  great  lakes  were  but  dimly  imderstood;  the  con- 
tinent beyond  the  Mississippi  was  ignored."^    Therefore  the  Revolution 
and  the  little  war  of  1812  left  no  such  sting  in  the  minds  of  the  British  as 
tbe  memories  that  were  cherished  on  this  side  of  the  Atlantic.    It  is  worth 
noting  that  in  1788  the  first  English  settlement  was  made  in  Australia, 

« F.  S.  OUver:  "Alexander  Hamilton,"  116. 
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at  Paramatta,  in  New  South  Wales.  Thus  Australia  was  added  to  the 
Irtish  dominions  at  the  time  of  the  American  secession. 
'  Another  thought  follows:  looking  back,  it  is  probable  that  if  England 
had  been  minded  to  recover  the  American  colonies.during  the  early  period 
of  their  independence,  she  could  have  done  so;  but  she  had  no  mind  to  do 
so,  and  any  Hanoverian  king  or  government  that  had  tried  it  would  have 
had  to  face  a  revolution  at  home.  Moreover,  it  is  quite  certain  that  tlie 
United  States  would  have  seceded  sooner  or  later,  because  no  government 
in  Europe  could  have  hoped  to  retain  control  over  the  growing  giant  of  the 
West.  I  am  frank  to  add  that  the  idea  of  filling  the  United  States  with 
Englishmen  is  as  unwelcome  to  my  taste  as  the  idea  of  peopling  the  British 
Isles  with  Americans.    Variety  is  the  spice  of  life. 

. "  Our  dearest  bond  is  this, 
Not  like  to  like,  but  like  in  diflference. 
Distinct  in  individualities." 

Let  us  hope  that  the  school-room  histories  in  America  will  be  re- 
written in  a  spirit  less  unfriendly  to  the  mother  country.  It  may  be  more 
than  a  coincidence  that  the  names  of  some  of  the  publishers  should 
be,  for  example,  Eruger,  Eoch,  and  Lemp.  When  a  New  Englander  or  a 
son  of  Old  England  hears  Geimans,  Irish,  and  Finns  talking  loudly  about 
the  time  when  "We  licked  the  British  in  1812,"  he  may  be  pardoned  for 
smiling.  There  were  more  Germans  and  Irish  on  the  reactionary  side  in 
1812  than  on  the  liberal  side.  An  acquaintance  of  mine,  an  Austrian 
Jew,  the  editor  of  a  Jewish  paper  in  San  Francisco,  began  to  tell  me  about 
the  time  when  "TFe  Ucked  the  British,"  whereupon  I  called  a  halt  and 
asked  him  qu*allait'il  faire  dans  cette  gaUiret  I  informed  him  that  I  had 
ancestors  on  both  sides  of  that  affair,  at  a  time  when  his  progenitors  were 
wandering  in  the  morasses  of  Eastern  Europe  without  even  a  knowledge  of 
the  fact  that  the  British  were  having  a  family  quarrel.  The  foregoing 
story  is  capped  by  the  statement  appearing  in  a  pamphlet  prepared  by 
the  Sinn  Feiners  and  intended  for  propaganda  among  the  Americim 
soldiers  stationed  in  Ireland.  "We  helped  to  win  your  independence," 
they  assert.*^  The  forefathers  of  this  Republic  may  have  had  some  out- 
side help,  but  it  is  a  little  hard  on  them  that  they  should  be  called  upon 
at  this  late  date  to  divide  the  honors  with  such  as  the  Sinn  Feiners!  The 
people  they  helped  were  the  Germans,  not  in  1776,  but  in  191 7. 

A  couple  of  stories  will  illustrate  this  point  further.  During  the  Span- 
ish war  of  1898, 1  had  as  neighbors  a  man  and  his  wife  of  Briti^  birth  bat 
of  American  citizenship.  One  day  the  man,  in  the  presence  of  his  son,  a 
boy  12  years  old,  remarked  that  the  United  States  would  defeat  Sp^. 
Whereupon  the  boy  exclaimed;  "Lick  Spain,  well  I  guess  we  will.  Why 
we  licked  you  twice."    That  boy  and  his  two  brothers  have  fought 

'  As  recorded  in  dispatches  published  on  January  11,  1018. 
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side  by  side  with  the  British  in  France,  one  of  them  wearing  the  uniform 
of  his  father's  native  land  because  he  could  not  wait  until  his  own  country 
entered  the  War. 

Another  boy's  historical  knowledge  concerning  the  relations  between 
the  United  States  and  Great  Britain  consisted  of  three  items: 

(1)  Major  Pitcairn  spoke  contemptuously  of  the  revolutionists  while 
he  stirred  his  pimch  at  Lexington. 

(2)  Andrew  Jackson  refused  to  black  the  dirty  boots  of  a  British 
tyrant. 

(3)  The  Americans  licked  the  English  twice  and  would  do  it  again  for 
two  cents. 

Yet  it  is  recorded  that  this  same  boy  knocked  down  a  perfectly  well- 
behaved  Bavarian  in  a  barber-shop  for  expressing  the. opinion  that 
England  would  be  invaded.  You  could  tell  that  boy  all  you  pleased 
about  the  battle  of  Bunker  Hill  and  the  villainy  of  Lord  North,  but  he 
would  not  forego  his  share  of  ownership  in  the  Black  Watch  at  Waterloo, 
of  Nelson  at  Trafalgar,  of  Wolfe  on  the  heights  of  Quebec,  of  Drake  and 
the  Golden  Hind,  or  of  the  archers  at  Agincourt. 

The  tale  of  an  ancient  wrong  should  now  be  laid  aside  on  a  shelf 
beyond  the  reach  of  any  but  the  most  inquisitive  student.  The  memory 
of  Bunker  Hill  is  overlaid  by  that  of  Manila  bay.  Let  me  recall  the 
story  as  recorded  by  Dewey  himself. 

When  Conmiodore  Dewey  drew  the  attention  of  Vice-Admiral  von 
IMedrichs  to  the  disproportion  between  the  German  naval  force  at  Manila 
and  the  German  interests  in  the  Philippines,*  he  was  met  with:  ''I  am 
here  by  order  of  the  Kaiser,  sir."    The  German  admiral  made  trouble 
for  the  Americans  continually,  while  maintaining  the  most  cordial  terms 
with  the  Spaniards;  this  also,  it  is  to  be  presumed,  by  order  of  the  Kaiser. 
He  repeatedly  ignored  the  blockade  that  Dewey  had  established  after 
the  battle  of  Manila  bay,  sending  his  warships  into  the  harbor  without 
allowing  them  to  be  boarded,  as  was  necessary  in  order  that  they  might 
be  identified  and  assigned  an  anchorage.    Dewey,  in  his  autobiography, 
says:  'Tice-Admiral  von  Diedrichs,  in  denial  of  the  right,  had  notified 
us  that  he  would  submit  the  point  to  a  conference  of  all  the  senior  officers 
of  the  men-of-war  in  the  harbor.    But  only  one  officer  appeared.  Captain 
Cbichester,  of  the  British  'Inmibrtalit^'.    He  informed  the  German 
commander  that  I  was  acting  entirely  within  my  right;  that  he  had  in- 
structions from  his  government  to  comply  with  even  more  rigorous 
restrictions  than  I  had  laid  down;  and,  moreover,  that  as  senior  British 
officer  present  he  had  passed  the  word  that  all  British  men^f-war  upon 
entering  the  harbor  should  first  report  to  me  and  fully  satisfy  any  inquiries 
my  part  before  proceeding  to  the  anchorage  of  the  foreign  fleet."^ 

^  Ji-''A«tobiogra|^y  of  CleOTge-Dew6y,  Admiral  of  the  Kavy,"  2^  .  1913. 
^  Op.  cU.,  266. 
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It  is  related  by  General  Younghusband,  of  the  British  army,  who  was 
at  Manila  at  the  time,  that  when  Von  Diedrichs  asked  Chichester  what 
he  intended  to  do,  the  Englishman  replied:  "Just  what  Admiral  Dewey 
and  I  have  agreed  upon." 

A  more  significant  incident  occurred  later,  just  before  the  town  of 
Manila  was  captured,  on  May  13.  I  quote  Dewey  again:  '^As  we  got 
under  way  the  officers  and  men  of  the  British  ship  'Immortalite'  crowded 
on  the  deck,  her  guard  was  paraded,  and  her  band  played  'Under  the 
Double  Eagle,'  which  was  known  to  be  my  favorite  march.  Th^,  as 
we  drew  away  from  the  anchorage  from  which  for  over  three  months  we 
had  watched  the  city  and  bay.  Captain  Chichester  got  imder  way  also 
and  with  the  'ImmortaUt^'  and  the  'Iphigenia'  steamed  over  toward 
the  city  and  took  up  a  position  which  placed  his  vessels  between  ours  and 
those  of  the  foreign  fleet.''*  Thus  the  British  warships  were  differentiated 
from  the  ''foreign"  fleet;  they  stood  between  Dewey  and  the  Germans. 

This  was  no  mere  idiosyncrasy  of  Chichester;  it  expressed  the  policj 
of  the  British  government.  In  March,  1898,  Germany  asked  England 
to  join  her  and  France  in  putting  their  fleets  between  Cuba  and  the 
American  fleet.  The  British  Foreign  Secretary  pr(»nptly  refused.  Great 
Britain  wto  the  one  power  that  prevented  the  formation  of  a  European 
coalition  against  the  United  States  at  the  time  of  the  war  with  Spain. 
It  was  then  that  the  Kaiser  exclaimed,  ''  If  I  had  a  larger  fleet  I  would 
take  Uncle  Sam  by  the  scruff  of  the  neck."  More  recently  that  part 
of  his  own  anatomy  has  been  in  acute  danger.  On  May  II,  1898,  while 
the  Spanish-American  war  was  in  progress,  Joseph  Chamberlain,  the 
British.  Secretary  for  Foreign  Affairs,  said  in  a  speech  at  Birmingham: 

"What  is  our  next  duty?  It  is  to  establish  and  to  maintain  bondfl 
of  permanent  amity  with  our  kinsmen  across  the  Atlantic.  There  is  a 
powerful  and  a  generous  nation.  They  speak  our  language.  They  are 
bred  of  our  race.  Their  laws,  their  literature,  their  standpoint  upon  every 
question  are  the  same  as  ours.  Their  feelings,  their  interests  in  the  cause 
of  humanity  and  the.  peaceful  development  of  the  world  are  identical 
with  ours.  I  do  not  know  what  the  future  has  in  store  for  us;  I  do  not 
know  what  arrangements  may  be  possible  with  us;  but  this  I  do  know  and 
feel,  that  the  closer,  the  more  cordial,  the  fuller,  and  the  more  definite 
these  arrangements  are,  with  the  consent  of  both  peoples,  the  better 
it  will  be  for  both  and  for  the  world — ^and  I  even  go  so  far  as  to  say  that, 
terrible  as  war  may  be,  even  war  itself  would  be  cheaply  purchased  if, 
in  a  great  and  noble  cause,  the  Stars  and  Stripes  and  the  Union  Jack 
should  wave  together  over  an  Anglo-Saxon  alliance," 

Therein  Chamberlain  exhibited  not  only  a  brotherly  spirit,  but  abo 
the  highest  quality  of  statesmanship — ^foresight.    His  hope  was  fulfilled 

in  1918. 

•  Op.  eft.,  277. 
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The  echoes  of  Yorktown  and  Saratoga  are  smothered  by  the  glad 
shouts  that  come  from  Belleau  Wood,  Cambrai,  Lille,  and  other  recent 
battlefields  on  which  the  Union  Jack  and  Old  Glory  were  carried  forward  to 
victory.  Then  was  fulfilled  Jefferson's  hope,  as  expressed  in  a  letter  to 
President  Monroe,  in  1824,  advising  him  to  accept  the  policy,  now  known 
as  the  Monroe  Doctrine,  which  had  been  suggested  by  George  Canning, 
Secretary  of  Foreign  Affairs  for  Great  Britain.  Thomas  Jefferson  wrote: 
"Great  Britain  is  the  one  nation  which  can  do  us  the  most  harm  of  any 
one,  or  all  on  earth;  and  with  her  on  our  side  we  need  not  fear  the  whole 
world.  With  her,  then,  we  should  most  sedulously  cherish  a  cordial 
friendship,  and  nothing  would  tend  more  to  knit  our  affections  than  to  be 
fighting  once  more,  side  by  side,  in  the  same  cause."  That  pious  wish, 
so  like  Chamberlain's,  has  been  splendidly  fulfilled.  Do  you  remember 
one  of  the  flashes  of  history  that  we  found  in  the  day's  news  last  October? 
It  ran  like  this: 

Somewhere  on  the  Western  front  an  assault  was  launched  at  dawn 
under  cover  of  a  creeping  curtain  of  shdl-fire.  An  American  division 
advanced  shouting  "Lusitania."  With  them  went  a  squadron  of  tanks. 
While  this  attack  was  progressing  favorably  a  British  division  on  the  left 
swam  the  canal  and  pushed  forward,  in  the  face  of  scores  of  German 
machine-guns,  to  the  village  of  Belleglise.  By  nine  o'clock  prisoners  were 
being  sent  to  the  rear  in  droves.  A  pause  followed  this  first  phase  of  the 
battle.  The  Americans,  tired  but  elated,  stood  in  the  trenches  they  had 
captured,  while  an  Australian  regiment,  moving  to  their  support,  passed 
over  them,  or  leap-frogged,  to  form  the  first  wave  of  a  new  advance. 
The  storm  of  cheering  that  greeted  this  manoeuvre  rose  high  above  the 
din  of  battle. 

We  echo  those  cheers  today.  The  word  "Lusitania"  made  those 
EInglish-speaking  soldiers  a  unit  against 

"A  people  with  the  heart  of  beasts 
Made  wise  concerning  men." 

One  fateful  consequence  of  the  War  is  the  suicide  of  the  German 
tradition.    Before  1914  the  Germans  had  a  growing  hold  upon  American 
bufiiness,  they  were  grafting  their  kultur  upon  the  American  people, 
cliiefly  through  the  scheme  of  exchange-professors,  whereby  German 
propagandists  were  given  a  free  hand  at  Americaji  universities,  and,  what 
wa43  worse,  sundry  American  professors  went  to  Berlin,  where  they  suc- 
cumbed to  the  hospitaUty  of  the  Kaiser  and  became  sycophants  to  his 
pixrpose.    The  Germans  were  even  obtaining  success  in  imposing  their 
language  upon  a  large  number  of  native-born  Americans;  and  in  doing 
tb.i&w  ^^^y  ^^^^  undermining  the  English  tradition,  inherited  legitimately 
frorct  the  founders  of  the  United  States.    They  were  assisted  in  their 
propaganda  by  the  fact  that  many  Germans  of  the  highest  character 
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migrated  to  the*  United  States  at  the  time  of  the  War  of  Liberation  in 
1848.  These  proved  excellent  American  citizens  because  they  came 
mostly  from  the  South  German  States  and  brought  with  them  none  of 
the  Prussian  idea.  They  were  followed  in  later  years  by  other  Germans, 
not  so  liberal-minded,  but  of  undoubted  capacity  in  business.  Clannish 
always,  they  cooperated,  they  became  pioneers  of  the  German  idea, 
which  had  made  considerable  headway  when  William  of  Hohenzollern 
and  his  military  caste,  supported  by  the  German  people,  began  their 
onslaught  upon  Western  civilization.  During  the  time  the  German  kadi- 
tion  waxed  in  the  United  States  that  of  the  mother  country  waned;  for 
many  reasons,  some  large,  others  small.  The  American  alienation  from  the 
people  of  ''the  sceptred  isle''  has  been  due  in  part  to  sympathy  for  those 
of  "the  emerald  isle."  Undoubtedly  the  blundering  policy  of  the 
British  government  in  handUng  the  Irish  question  has  tended  to  per- 
petuate the  prejudice  against  England;  the  Irish  are  born  politicians; 
in  the  big  cities  of  this  country  they  exert  an  influence  far  out  of  propor- 
tion to  their  numbers  or  their  character;  they  have  played  into  the  hands 
of  the  Germans  and  together  they  have  fostered  a  sentiment  that  has 
tended  continually  to  hinder  the  development  of  good-will  between  our 
peoples.  By  "our  peoples"  I  mean  those  represented  by  the  Canadian 
Mining  Institute  and  the  American  Institute  of  Mining  Engineers. 
It  has  been  the  popular  thing  for  generations  in  the  United  States  "to 
twist  the  Uon's  tail;"  it  pleased  both  Irish  and  American  prejudice;  it 
was  the  regular  stock-in-trade  of  frothy  orators  and  jingo  editors. 

The  English-speaking  peoples  have  so  many  proud  and  happy 
memories  in  common  that  it  is  about  time  to  balance  the  account 
England  did  treat  the  colonists  arbitrarily  and  they  treated  the  loyalists 
shabbily;  the  young  United  States  soon  after  achieving  independence 
did  have  a  further  fuss  with  the  mother  country,  which  withdrew  from 
the  quarrel  voluntarily.  So  much  for  that.  From  her  independent 
sons  in  America  England  learned  a  lesson  she  has  never  forgotten,  as  is 
proved  by  the  record  of  her  relations  with  Canada,  Australia,  India,  and 
Egypt,  and  her  other  territories,  particularly  her  treatment  of  the  Boers, 
She  holds  her  overseas  dominions  by  the  silken  thread  of  good-will,  by 
that  and  nothing  more.  The  American  people  share  with  the  ElngUsh 
people  the  glorious  traditions  derived  from  the  men  that  helped  t-o  develop 
constitutional  liberty  before  the  Declaration  of  Independence,  which 
was  a  logical  sequel  to  the  Magna  Charta  and  the  Bill  of  Rights.  Many 
Americans,  even  those  of  British  descent,  may  choose  to  for^p  the 
privilege  of  sharing  those  ancient  glories,  but  they  will  not  refuse  to 
claim  the  inheritance  of  Chaucer  and  Spenser,  of  Shakespeare  and  Milton, 
of  the  King  James  version  of  the  Bible  and  the  Book  of  Common  Prayer, 
of  the  English  common  law  and  the  unwritten  riiles  whereby  both  alike 
'*play  the  game"  in  war  and  -peace.    For  those  traditions  we  are  jdnt 
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trustees.    To  them  we  add  now  the  vivid,  the  searing,  the  proud  memories 
of  the  Great  War,  in  which  at  last  our  men  stood  shoulder  to  shoulder  to 
assert  the  principles  of  freedom  on  earth.    Abraham  Lincoln  closed  his 
first  inaugural  address  by  an  appeal  for  reconciliation  with  the  South; 
"The  mystic  chords  of  memory,  stretching  from  every  battlefield  and 
patriot  grave  to  every  living  heart  and  hearthstone  all  over  this  broad 
land,  will  yet  swell  the  chorus  of  the  Union,  when  again  touched,  as  they 
surely  will  be,  by  the  better  angels  of  our  nature.''    Does  not  this  find 
an  echo  in  our  hearts  today;  do  not  the  chords  of  our  memory  vibrate 
to  ihe  stories  that  have  come  from  the  battlefields  in  FrShce,  and  will 
not  the  better  angels  of  our  nature  play  on  those  mystic  chords  a  song 
to  which  we  can  pull  t(^ether  in  unison  for  liberty,  justice,  and  peace? 
The  visit  of  President  Wilson  to  England,  following  our  comradeship 
in  arms  during  the  War,  is  one  of  the  great  events  of  history.    The 
intensely  cordial  greeting  that  he  received  during  his  visit,  not  only  from 
King  George  but  from  the  crowd,  augurs  well  for  the  friendship  between 
the  EnglLdi-speaking  peoples.    One  of  our  miserable  San  I^ancisco 
papers  spoke  of  the  reception  accorded  to  the  President  as  th^  ,most 
enthusiastic  ever  given  to  ''a  foreign  citizen,"  as  if  a  man  who^^ound 
himself  in  a  country  where  his  native  tongue  is  spoken,  where  his  mother 
was  born,  and  from  which  his  paternal  grandfather  came,  could  feel 
himself  a  ''foreigner. "    Legally  he  may  be,  but  setting  aside  the  legal 
fiction,  Mr.  Wilson  found  himself  among  his  own  kinsmen.    There  are 
three  kinds  of  people  in  the  world:  Americans,  Britons,  and  foreigners. 
Does  any  one  of  us  feel  like  a  foreigner  when  he  is  either  in  Capada, 
England,  or  the  United  States?    I  trow  not.    However,  I  have  lived 
so  long  in  the  United  States  that  I  venture  to  warn  Britons  against 
over-playing  the  "kinsman"  note.    Mr.  Wilson's  ancestry  brings  him 
within  the  category,  but  most  Americans  do  not  like  to  be  dubbed 
"kinsmen"  or  "cousins,"  because  they  are  strongly  assertive  of  their 
nationality,  and  of  their  own  identity  as  a  people;  moreover,  the  influx 
of  alien  blood  from  the  other  countries  of  Europe  is  so  considerable  that 
it  is  incorrect  to  r^ard  the  American  as  a  cousin  of  the  Briton.    Indeed, 
this  assumption  was  at  the  bottom  of  much  of  the  chagrin  felt  in  Great 
Critain  and  in  Canada  when  the  Government  of  the  United  States  de- 
liberately adopted  an  attitude  of  neutrality  during  the  early  part  of  the 
l^ar.    Impatient  as  most  of  us  may  have  been  at  the  aloofness  of  the 
United  States  during  that  period,  we  should  have  reminded  ourselves  that 
l^lie  American  people  includes  a  large  proportion  of  citizens  of  other  than 
Sritish  descent,  about  one-half,  of  whom  ten  millions  were  born  in  Germany 
or  born  of  German  parents,  and  perhaps  twice  as  many  more  have 
Oerman  ancestry.    We  ought  to  have  reminded  ourselves  that  even  those 
-who  are  of  British  descent  feel  their  separateness  strongly,  partly  on 
Account  of  old  revolutionary  prejudice,  and  partly  because  there  is 
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that  constant  urge  to  emphasise  the  individuality  of  the  American  nation. 
That  is  why' I  deem  it  more  tactful,  and  also  more  in  accord  with  the  facts, 
to  lay  stress  on  our  common  notions  of  fair  play  and  our  common  in- 
sistence on  the  right  to  live  and  let  live — ^the  right  that  the  Pniasifln 
and  his  cohorts  undertook  to  suppress.  The  Briton  must  accept  the 
fact  that  the  American,  especially  those  Americans  who  have  no  En^ish 
blood  in  their  veins,  dislikes  an  excess  of  emphasis  on  kinship.  For 
instance,  Theodore  Roosevelt  objected  to  it  and  he  was  a  typical 
American  if  ever  there  was  one.  He  had  Dutch  blood,  English  blood, 
French  blood,  even  German  blood,  in  his  veins,  but  there  is  no  mistaking 
the  fact  that  in  him  it  was  no  mere  mechanical  mixture  but  an  ethnical 
compound,  called  ''  American,"  because  it  is  entirely  different  from  any 
of  the  ingredients  of  which  it  is  composed.  As  he  himself  said:  ''We  are 
a  new  and  distinct  nationality.  We  are  developing  our  own  distinctive 
culture  and  civilization,  and  the  worth  of  this  civilization  will  largely 
depend  upon  our  determination  to  keep  it  distinctively  our  own.''  That 
undoubtedly  is  the  voice  of  young  America,  the  expression  of  the  virile 
nationalism  that  Roosevelt  typified  so  splendidly.  If  the  call  of  the 
blood  were  to  be  taken  literally,  the  cries  from  America  to  Europe  would 
be  as  confused  as  those  that  arose  from  the  Tower  of  Babel.  President 
Poincar^  at  the  opening  of  the  Peace  Conference  said  appropriately: 
''  America,  the  daughter  of  Europe,  crossed  the  ocean  to  rescue  her  mother 
from  thraldom  and  to  save  civilization."  Therefore,  it  is  wiser  to  base 
our  international  friendship  upon  the  oth6r  common  factors:  language, 
literature,  law,  sports,  ideas,  and  ideals,  themselves  largely  a  consequence 
of  our  common  ancestry. 

Our  people  are  different  in  their  traditions  and  in  their  outlook, 
or,  to  be  more  nearly  correct,  the  Briton  cares  more  for  tradition  than 
the  American,  who,  on  the  other  hand,  cares  more  for  outlook.  The 
one  feels  his  background,  the  other  his  foreground.  The  Elnglishman  ac- 
cepts his  social  environment;  he  is  proud  that  his  father  and  grandfather 
did  as  he  is  doing;  he  loves  the  continuity  of  custom.  The  aim  of  ^e 
American  is  social  extrication;  he  sees  no  reason  for  f<^o wing  in  the 
footsteps  of  his  forebears;  he  blazes  a  fresh  trail,  and  rejoices  in  breaking 
into  a  new  environment.  Britain  is  politically  a  democracy,  but  socially 
she  still  preserves  many  of  the  traditions  of  feudal  dajrs.  These  make 
for  the  amenities  of  life,  but  they,  and  the  social  manners  derived  from 
them,  are  distasteful  to  the  unconventional  men  and  women  of  a  country 
that  has  broken  definitely  with  all  that  such  customs  imply.  To  us, 
''the  rank  is  but  the  guineanstamp;  the  man's  the  gold  for  all  that." 
In  freeing  ourselves  from  such  trappings  we  may  have  gone  to  the  other 
extreme;  the  Jack  of  respect  for  authority  is  not  the  most  desirable  trait 
of  the  democrat. 

Life  is  full  of  compensations;  every  loss  has  some  gain.    The  engaging 
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franknees  of  the  American  contrasts  with  the  starving  of  emotion  in 
the  Englishman.    He  thinks  it  good  form  to  suppress  any  expression  of 
enthusiasm  to  the  point  of  making  himself  appear  cold  or  supercilious. 
It  is  an  unlovely  trait  and  destroys  the  natural  grace  of  an  intelligent 
human  being.    In  England  the  religion  of  "  good  form  "  is  a  disease  among 
well-bred  men,  making  spontaneity  a  mark  of  the  socially  uneducated. 
An  American  officer  says  to  a  British  officer:  ''Well,  I  guess  we'll  have 
to  clean  up  the  Boches  togetherl"     The  Elnglish  officer,  adjusting  his 
eye-glass,  says,  "Really."    That  reply  was  not  meant  to  be  insulting, 
but  it  chilled  any  rapprochement.    We  are  reminded  thereby  of  *'a 
certain  condescension  among  foreigners, "  on  which  an  American  es8a3rist 
expatiated.    May  I  suggest  that  some  of  that  British  superciliousness 
is  due  to  shyness,  not  to  impertinence;  it  is  what  our  French  friends  call 
maitvaise  honte;  it  springs  from  the  Englishman's  inbred  feat  of  making 
himself  ridiculous.     On  the  other  hand,  the  autobiographical  garrulity 
of  an  opposite  kind  of  American  and  the  boyish  inquisitiveness  with 
which  he  will  dive  into  the  affairs  of  a  comparative^  stranger  bear  the 
marks  of  a  crudity  that  may  sometimes  be  repellant.    Again,  an  English- 
man will  be  severely  critical  of  his  own  country,  because  to  him  to  speak 
well  of  her  is  like  speaking  well  of  himself,  which  is  taboo,  whereas  the 
American  will  sail  in  boyishly  to  praise  his  native  country  and  to  assert 
how  superior  it  is  to  every  other.    Such  small  national  differences  should 
be  taken  with  good  humor.    The  social  code  of  a  small  island  3000 
miles  away  does  not  fit  the  less  formal,  more  spontaneous,  life  of  a  younger 
people  sprawling  across  a  continent  more  tiian  3000  miles  wide.    The 
American  ought  to  understand  the  Briton  if  anybody  is  to  do  so,  and, 
conversely,  the  Briton  ought  to  meet  the  American  half-way  quicker 
than  anybody  else.    Our  mannerisms  may  be  different,  but  our  ideals 
are  much  the  same.    I  am  reminded  of  the  story  told  of  the  judges  who 
were   preparing  a  congratulatory  address  for  presentation  to  Queen 
Victoria,  on  the  occasion  of  her  jubilee.    They  were  discussing  the  phrase 
"conscious  as  we  are  of  our  many  infirmities,"  whereupon  Bowen,  the 
Master  of  the  Rolls,  suggested  that  the  wording  should  be  changed  to 
"conscious  as  we  are  of  each  other's  many  infirmities."    That,  I  regret 
to  think,  is  what  we  do  internationally.     We  are  too  much  like  the 
old  man  who  said  to  his  wife:  "Everybody  is  queer  except  thee  and  me, 
and  sometimes  I  think  thee's  a  bit  off."    We  need  more  tolerance — 
a  more  tolerant  himior — ^remembering  that  a  friend  is  a  man  whom  you 
know  well  and  still  like.    Britons  and  Americans  can  risk  the  closer 
acquaintance  that  leads  to  friendship,  because  they  have  fewer  diver- 
gencies than  common  aims;  and  their  friendship  will  be  on  a  safer  footing 
if  they  take  each  other  as  they  are  and  determine  to  make  the  best  of 
their  interesting  differences. 

Let  us  look  forward  instead  of  backward.    Whatever  our  differences 
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in  the  past,  let  us  realise  the  aimilarity  of  our  aims,  the  identity  of  our 
political  ideals,  and  endeavor  so  to  act  and  speak  that  the  harvest  of  this 
calamitous  war  shall  be  not  the  barren  thistle  of  discord  but  the  wholescnne 
wheat  of  good-will.  The  great  sacrifices  entailed  by  the  War  will  be  in- 
adequately comi)ensated  if  the  result  is  not  to  establish  closer  relations 
of  friendship  between  Britain  and  America.  Indeed,  it  would  be  an 
immeasurable  loss  if  the  peace  settlement  should  provoke  any  discord 
between  the  two  Englishnspeaking  peoples.  If  we  cannot  agree  to  keep 
the  peace,  nay  more,  to  work  for  human  progress  together,  then  no  league 
of  nations  is  conceivable  that  will  do  so.  On  the  contrary,  if  there  be  any 
hope  that  mankind  will  advance  not  only  from  a  jungle  existence  but  from 
the  organized  vendetta  of  a  semi-civilized  state  of  society,  if  there  be  any 
hope  of  improvement  in  national  relations,  then  that  hope  lies  in  one  fact 
— a  fact  of  which  we  have  common  reason  for  being  intensely  proud— 
and  that  is  the  3500  miles  of  unfortified  frontier  between  Canada  and  the 
United  States.  If  we  can  live  on  such  terms,  with  a  willingness  not  only 
to  arbitrate  international  differences  but  with  a  constant  desire  not  to 
provoke  them,  then  other  nations — ^in  time,  aU  the  nations  of  the  world— 
will  find  it  desirable,  will  find  it  imperative,  to  do  the  same.  Let  that 
physical  frontier,  without  the  menace  of  a  fort,  without  the  provocation 
of  a  single  cannon,  let  it  be  the  symbol  of  unaggressive  neighborfinooB, 
of  a  mutual  goodwill,  of  a  promise  of  that  "far  off  divine  event"— of 
universal  peace  and  amity — "to  which  the  whole  creation  moves." 
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BY  A.    R.   LBDOUX,t  NEW  YORK 
(New  York  Meeting,  February,  1019) 

I  WAS  wondering  whether  we  were  going  to  adhere  to  our  text.  It 
seems  to  me  that  we  are  having  a  very  remarkable  meeting  of  mining 
engineers  this  year,  because  no  matter  what  the  texts  may  be  that  are 
assigned  to  us,  we  get  back  toward  something  higher;  we  turn  to  the  con- 
sideration of  questions  of  ethics,  and  of  applied  Christianity.  Yesterday 
we  Ustened  to  the  most  eloquent  and  remarkable  address  by  Mr.  Rickard 
in  memory  of  Dr.  Ra3rmond,  and  it  was  told  us  that  he  was  to  speak  about 
Raymond's  achievements  as  an  engineer.  He  did  say  considerable  on 
that  subject,  but  he  was  himself  carried  away  with  the  spirit  of  the  man 
and  moved  us  all  by  his  portrayal  of  Dr.  Raymond's  continued  and  fruit- 
ful labors  for  the  betterment  of  mankind — that  is  to  say  his  religion. 

Our  President  asked  me  if  I  would  say  something  this  afternoon  and 
I  find  in  the  bulletin  that  the  text  of  the  discourses  which  we  are  to  have 
here  this  afternoon  is  "International  Cooperation  in  Mining  in  North 
America."  But  again  I  find  that  the  eloquent  speaker  who  has  just 
preceded  me  has  dwelt  largely  on  ethical  and  spiritual  cooperation  rather 
than  upon  cooperation  in  mining.  That  is,  cooperation  as  men,  rather 
than  solely  as  engineers. 

The  imaginary  line  dividing  Canada  from  the  United  States,  unmarked 
by  fort  or  military  post,  was  mentioned  by  a  previous  speaker.  There 
are  going  to  be  in  the  future,  I  am  sure,  fewer  entanglements  of  the  barbed 
wire  of  tariff  discrimination  along  our  border — to  that  end  let  us  co- 
dperate.  But  there  has  always  been  a  reciprocity  in  men.  A  Canadian 
conceived  and  created  our  great  transcontinental  line,  the  Great  Northern 
Railway;  an  American  made  the  Canadian  Pacific  what  it  is. 

In  mining  and  metallurgy,  American  engineers,  backed  by  American 
capital,  have  built  up  great  Canadian  industries  while  Canadian  experts 
have  developed  some  of  the  resources  on  this  side  of  the  line.  They  have 
done  much  more  than  develop  our  resources:  some  of  them  have  been 
our  leaders  in  sympathy  for  labor.  It  is  therefore  not  a  question  of  creat- 
ing a  spirit  of  cooperation,  but  of  giving  it  freer  scope  and  a  fuller  realiza- 
tion of  fraternity — or,  to  use  the  word  now  more  common  and  of  deeper 
significance — brotherhood. 

These  are  days  of  combination.  Corporate  interests  in  this  coun- 
try are  now  compelled,  or  at  least  encouraged,  to  combine  in  ways  that 
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would  have  landed  their  du^ectors  in  jail,  if  attempted  a.few  years  ago. 
The  Sherman  law  is  still  on  our  statute  books,  but  so  are  some  of  the 
"blue  laws ''  of  New  England — more  honored  in  their  breach  than  in  their 
observance. 

The  friendly  relations,  growing  even  closer,  between  the  two  great 
Mining  Institutes,  point  the  way  to  increasing  codperation.  We  have 
much  to  learn  from  Canada.  I  venture  to  suggest  that  if  some  of  the 
distinguished  Canadians,  our  guests  today,  could  be  given  an  opportunity 
to  tell  the  solons  in  Washington  wherein  Canadian  mining  laws  are  an 
improvement  on  those  still  prevailing  on  this  side  of  the  boundary,  it 
would  be  of  real  service,  for  they  would  be  disinterested  witnesses. 
There  are  precedents  for  this:  Some  of  us  have  been  asked  to  appear 
before  committees  of  the  Dominion  and  Provincial  Parliaments  of 
Canada  to  give  evidence  and  advice  on  laws  proposed  for  the  control 
or  assistance  of  mining  and  metallurgical  industries. 

It  is  for  those  more  actively  engaged  than  I  in  mining  to  tell  how  best 
we  may  advance  the  interests  of  the  industiy,  which  is  alone  surpassed 
in  importance  by  that  of  agriculture  in  Canada  and  the  United  States. 
Can  we  not  appoint  in  each  Institute  permanent  committees  on  co- 
Operation  that  will  hold  frequent  joint  sessions,  and  make  suggestions 
to  their  respective  societies  leading  to  action  that  may  benefit  us  all? 

I  suppose  ''North  America''  in  the  title  was  intended  to  include 
Mexico.  What  chance  is  there  to  cooperate  in  that  land  of  chaos  and  revo- 
lution? Personally,  I  think  there  will  be  such  opportunity  in  the  near 
future.  The  Mexican  is  a  proud  man;  his  complaint  that  foreigners 
alone  have  exploited  and  profited  from  the  resources  of  his  coimtry  is  to 
some  extent  justified.  But  some  of  our  mining  companies  operating  in 
Mexico  have  employed  and  still  employ  Mexicans  in  positions  of  trust  and 
authority,  with  satisfaction.  When  the  time  comes  for  the  United  Stiites 
to  consider  and  to  act  upon  questions  of  rehabilitation  of  railroads,  mining 
and  other  industries,  in  which  so  much  foreign  money  has  been  lost,  and 
to  propose  safeguards  for  the  future,  we  shall  have  to  decide,  as  in  the 
Philippines,  whether  it  will  be  easier  to  "civilize  'em  with  a  Krag"  as 
militarists  proposed,  or  to  suggest  a  Joint  Commission  of  foreign  and 
Mexican  composition,  as  in  our  far*eastern  dependency.  This  is  a  ques- 
tion— this  one  of  poUcy — that  is  soon  to  come  to  the  front;  it  is  one  on 
which  there  are  differences  of  opinion. 

Mr.  Chairman,  I  have  purposely  injected  this  Mexican  problem  into 
this  meeting,  that  if  there  be  time  it  may  be  discussed,  and  that  our  two 
Institutes  may  perhaps  become  pioneers  in  influencing  public  opinion. 
To  this  task,  our  Canadian  brethren  can  bring  more  open  minds;  they  are 
farther  away  from  the  disturbance  and  can  better  understand  both 
sides. 
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S.  J.  Jennings,  New  York. — I  am  sure  we  all  appreciate  Dr.  Ledoux's 
suggestion  that  a  permanent  committee  should  be  appointed  by  both  the 
American  Institute  of  Mining  and  Metallurgical  Engineers  and  the  Cana- 
dian Mining  Institute,  in  order  to  suggest  closer  and  more  constant 
codperation.  This  suggestion  will  undoubtedly  be  brought  before  the 
Directors  of  the  American  Institute  of  Mining  and  Metallurgical  Engineers 
and  I  trust  that  the  Canadian  Institute  will  also  take  it  into  account  and 
have  a  committee  appointed,  that  will  serve  with  that  spirit  cf  closer 
codperation,  that  idea  of  conmion  ancestry,  which  has  so  eloquently  been 
placed  before  us  this  afternoon. 

Dr.  Ledoux's  suggestion  of  codperation  with  Mexico  is  one  that  is  ex- 
tremely close  to  my  mind.  I  am  planning  to  go  to  Mexico  the  end  of 
this  week  and  hope  to  meet  with  a  local  session  in  the  City  of  Mexico 
soon  after  my  arrival  there.  We  may  then  initiate  some  discussion  of  the 
problems  that  confront  the  American  engineer,  or  the  members  of  the 
American  Institute  of  Mining  Engineers  located  in  America,  whether  he 
be  an  American,  or  Mexican,  and  ventilate  those  problems  so  that  we 
will  appreciate  his  ideas  and  help  solve  them. 
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Uniform  Mining  Law  for  North  America* 

■ 

BY  T.    B.    GODSON,  t   OTTAWA,   ONT. 
(New  York  Meeting.  Febru*ry,  1019li 

Ab  this  is  the  age  of  reform,  a  uniform  mining  law  for  North  America 
is  a  moot  subject  for  discussion  at  this  meeting  of  the  Institute.  The 
question  is  one  of  peculiarly  technical  and,  in  many  respects,  local  charac- 
ter. We  all  appreciate  the  value  of  the  metal-producing  industries  and 
recognize  the  necessity  lEuid  importance  of  a  well-considered  and  evenly 
balanced  mining  law  as  a  branch  of  our  jurisprudence  either  for  the  Pro- 
vinces or  the  Dominion  as  a  whole. 

Mining  has  taken  its  place  as  a  foremost  industry  and  legislation 
that  seeks  to  control  and  govern  it  is  the  concern  of  not  only  the  active 
miner  btit  the  citizens  of  the  state.  A  law  that,  through  its  charitable 
measures  brings  into  being  the  prospector,  the  pathfinder  and  super- 
structure of  all  mining  activity  and  industry,  protects  his  interests, 
safeguards  invested  capital,  and  encourages  and  enforces  development, 
possesses  at  least  the  salient  requirements  of  a  businesslike  Act.  The 
manner  of  doing  so  is,  I  think,  one  of  local  and  internal  concern. 

May  I  be  permitted  to  say  without  presumption  that  of  the  five  min- 
ing codes,  or  Acts,  that  we  have  in  the  Dominion  of  Canada  bom  and 
bred  within  the  Provinces  of  British  Columbia,  Ontario,  Quebec,  New 
Brunswick,  and  Nova  Scotia,  some  of  them  could  be  materially  improved. 
In  many  respects  they  do  not  measure  up  to  the  times;  they  were  no 
doubt  creations  of  merit  at  the  date  of  their  ^birth  but  they  have  not 
been  clothed  in  seasonable  raiment  as  the  years  passed  by. 

It  is  a  stem  fundamental  principle  that  all  natural  resources  are  the 
inalienable  property  of  the  crown.  If  it  is  mineral  land,  then  it  follows 
for  the  prote<^tion  of  the  state  and  the  direct  advancement  of  the  occu- 
pant that  the  land  should  be  developed  as  such.  The  method  or  machin- 
ery by  which  this  must  be  accomplished  is  a  matter  of  detail,  not  of 
principle.  If  the  right  to  possession  as  a  licensee  depends  on  discovery, 
it  is  not  inconsistent  with  the  duty  the  crpwn  owes  to  the  state  that  a 
grant  in  fee  should  pass  to  the  discoverer  if  there  is  imposed,  after  patent 
issues,  a  requirement  of  continuous  work  or  the  alternative  of  an  acreage 
tax  sufficiently  burdensome  to  make  it  unprofitable  that  the  land  should 
be  held  in  an  undeveloped  state.  If  this  requirement  is  recognized, 
the  mental  distinction  between  a  grant  and  lease  ceases  to  exist.    A 
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grant  contingent  upon  work  or  pa3rment  of  taxes  is  not  dissinnilar  io  effect 
to  a  lease  upon  terms.  In  my  opinion  it  is  a  matter  of  indifference  which 
method  is  adopted  provided  title  is  dependent  on  development.  Capital 
will  follow  mineral  and  should  be  willing  to  accept  a  leasehold  tenure, 
provided  the  conditions  of  the  lease  are  fixed  and  unalterable  and  the 
term  of  occupation  is  sufficiently  long  to  permit  proper  development 
and  a  reasonable  return  for  money  invested. 

From  time  to  time  spasmodic  attempts  are  made  in  Canada  to  assimi- 
late various  Provincial  laws.    We  have  demanded  a  Dominion  Gonimer- 
cial  Code,  a  conunon  Bankruptcy  Law,  and  a  uniform  Companies  Act, 
but  they  are  yet  to  come  into  being.    Nearly  all  the  Provinces  of  Canada 
have  a  Workmens'  Compensation  Act,  but  these  laws  differ  in  essentials  if 
not,  in  some  respects,  in  principle.    PubUc  sentiment  favors  a  systma- 
tised,  assimilated,  and  uniform  law  upon  a  given  subject  when  possible. 
Then  why  the  necessity  for  a  uniform  mining  law  for  North  Ammca? 
I  prefer  to  discuss  it  from  its  applicability  to  Canada.    I  do  not  know 
what  suggested  the  discussion.    Is  it  to  be  said  a  real  necessity  has  arisen ; 
if  so  what  is  the  foundation  of  the  complaint?    Is  it  not  rather  that  di^ 
cussion  has  been  invited  upon  this  broad  and  comprehensive  subject 
in  order  that  the  attention  of  the  Provincial  Legislatures  within  Canada 
and  its  Federal  Parliament  and  the  Federal  authorities  of  the  United 
States  of  America  may  awaken  to  the  knocking  hand  of  opportunity 
and  so  frame  their  laws  that  the  opportunity  is  not  allowed  to  pass  by  un- 
heeded?   Each  Province  should  know  best  its  own  requirements.    A 
fundamental  change  in  a  law  recogniased,  adopted,  and  followed  for  years 
should  not,  in  my  opinion,  be  made  unless  imperative;  but  the  foundation 
of  a  particular  law  or  act,  if  sound,  should  be  built  upon  and  extended  to 
meet  all  economic  changes,  and  it  is  just  there  our  respective  mining 
laws  need  attention. 

If  one  is  to  be  guided  by  the  silence  of  comment,  the  Mining  Act  of 
the  Province  of  Ontario  might  be  said  to  be  satisfactory;  but  that  it 
can  be  improved  is  admitted.  We  have  progressed  and  prospered  under 
a  discovery  clause,  harsh  and  stem  in  its  requirements,  but  it  will  be 
said  the  law  has  not  been  observed,  probably  not  since  inspection  has 
been  done  away  with,  but  the  clause  has  served  a  good  and  useful  purpose. 

The  principle  of  discovery  I  believe  to  be  absolutely  sound,  tiie  diffi- 
culty is  its  application;  but  that  opens  up  too  broad  a  field  to  discuss  at 
this  time.  If  you  remove  the  prerequisite  of  discovery  you  must  tighten 
the  strings  of  control  in  the  crown's  hands  after  patent. 

Development  is  a  condition  of  possession  and  should  be  a  funda- 
mental principle  underlying  all  mining  law.  The  right  to  a  claim  should 
only  exist  as  long  as  it  is  worked  or  taxed  to  insure  work.  Once  dqiart 
from  that  sound  maxim,  there  results  improper  control  of  the  natural 
resources  of  the  country,  which  primarily  belong  to  the  people.     A  requi- 
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site  of  discovery  at  some  period  prior  to  a  grant  with  the  imposition  of 
an  acreage  tax  after  patent  of  an  amount  that  will  prevent  inaction  is 
sufficient  justification  for  a  crown  grant  as  adopted  in  Ontario. 

It  is  the  retention  of  public  control,  not  necessarily  revenue,  that 
should  govern  in  fixing  the  amount  of  the  tax.  The  tax  must  be  con- 
sistent with  the  rights  of  the  prospector,  who  is  entitled  to  the  fruits  of 
his  labor,  and  must  not  offend  capital,  which  is  sensitive. 

The  point  of  view  of  the  Provinces  of  Manitoba,  Saskatchewan,  and 
Alberta  when  they  obtain  their  natural  resources  is  problematical.  Are 
they  to  be  guided  by  our  own  experience  in  the  adoption  of  an  Act,  or 
by  what  appears  to  be  essential  to  the  building  up  of  a  mining  industry 
within  their  Provinces?  Prospectors  must  be  encouraged;  capital  must 
be  coaxed  and  flirted  with.  How  best  can  this  be  done  is  their  problem 
not  ours;  and  this  suggests  one  of  the  many  difficulties  of  a  common 
mining  law  for  the  whole  Dominion. 

We  feel  that  we  have  an  Act  which  meets  and  encourages  the  pros- 
pector, welcomes  the  capitalists,  and  promotes  the  development  of  our 
mineral  resources.  What  has  been  and  is  being  done  is  evidence  of  this 
fact.  Each  year,  it  is  sought,  by  material  changes  in  the  Act,  to  meet 
conditions  as  they  arise.  We  have  yet  to  sit  in  final  judgment  upon  the 
present  use  and  future  necessity  of  a  discovery  clause,  but  that  will  be 
dealt  with  when  the  question  has  been  thoroughly  canvassed. 

Under  our  Act,  if  certain  requirements  are  not  performed  within  the 
time  required  by  the  Act,  an  ipso  facto  forfeiture  occurs;  but  that  for- 
feiture may  be  relieved  against  by  an  application  to  the  Mining  Commis- 
sioner within  3  months  from  default.  If  no  adverse  interests  have  arisen, 
usually  the  application  is  granted.  If  new  interests  have  appeared, 
it  is  a  question  for  compensation  if  the  appUcation  is  to  be  allowed. 
There  is  a  further  provision  allowing  an  application,  after  3  months  from 
default,  to  go  to  the  Lieutenant-Governor  in  Council  upon  the  recom- 
mendation of  the  Minister  and  report  of  the  Commissioners;  this  salient 
provision  is  not  extensively  used  but  it  has  met  many  cases  of  merit  where 
a  serious  loss  would  have  occurred  if  there  had  been  no  relieving  section. 
It  will  be  observed  that  the  Minister  is  protected  by  the  condition  re- 
quiring a  report  to  be  filed  by  the  Commissioner  based  upon  evidence 
heard  viva  voce,  or  otherwise,  as  is  deemed  expedient. 

The  office  of  Mining  Commissioiier  is  a  creation  of  the  Mining  Act 
of  Ontario  and  provides  machinery  not  to  be  found  in  other  Acts.  It  is 
judicial  in  its  nature,  with  right  of  appeal  from  the  decision  of  the  Com- 
missioner to  the  Appellate  Court  in  the  same  manner  an  appeal  is  carried 
from  a  trial  judge  to  that  Court.  Disputes,  notices  of  claim  of  interests 
prior  to  patent,  applications  for  relief  from  forfeiture,  and  all  litigious 
matters  come  before  the  Commissioner.  The  procedure  is  simple  and 
unencumbered  by  pleadings  with  the  happy  result  that  litigation  is 
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cheapened  and  expedited  and  there  is  no  undue  delay  in  detennioing 
the  issue  such  as  necessarily  occurs  in  the  congestion  of  our  civil  courts. 
As  it  is  a  moving  court,  the  Commissioner  has  the  advantage  of  hearing 
the  point  of  view  of  many  of  the  prospectors  with  regard  to  the  working 
of  the  Act.  This  close  contact  has  the  natural  tendency  of  keeping  the 
Act  in  step  with  public  opinion.  Another  salutary  provision  of  our 
Act  is  the  right  given  to  the  Commissioner,  where  required  in  connection 
with  the  proper  working  of  a  mine,  mill  for  treating  ore,  or  quarry,  after 
hearing  the  interested  parties  to  vest  in  the  owner  lessee  or  holder 
the  right  to  discharge  water  upon  any  land,  to  draw  off  or  divert,  collect  or 
dam  back  water  and  to  take  the  same,  rights  of  way  over  other  lands, 
to  enter  upon  and  use  specified  areas  and  to  deposit  tailings,  slimes,  etc., 
all  of  which  power  must  not  be  exercised  unless  any  wrong  or  damage 
caused  to  any  other  person  can  be  adequately  compensated  for  nor  unless 
it  is  reasonable  and  fitting  to  grant  the  same.  This  section,  if  used  ad- 
visedly, greatly  promotes  mining  and  prevents  selfiish  and  antagonistic 
interests  from  defeating  a  legitimate  mining  enterprise. 

I  have  touched  upon  some  of  the  features  of  our  Act  for  the  purpoee 
of  showing  that  they  are  outstanding  and  are  a  step  in  advance  of  any 
other  Act  I  have  read  and  if  there  is  to  be  (and  I  would  welcome  it)  a 
uniform  Act  for  Canada  or  North  America  I  say,  from  experience  and  wiUi 
due  modesty,  that  our  Act  in  many  respects  might  be  used  as  a  pattern. 

Let  there  be  a  general  awakening  to  our  necessities.  If  nothing 
more  is  accomplished  than  a  remodeling  of  the  different  mining  laws  of 
the  respective  Provinces,  time  and  discussion  will  have  been  well  sp^t. 
If  each  Province  is  to  retain  its  own  creation,  it  should  be  put  in  condse 
readable  form  so  that  "he  who  nms  may  read."  At  present,  it  strains 
the  ingenuity  of  a  lawyer  to  grasp  the  requirements  of  some  of  the  Acts. 
This  is  the  result  of  inattention  and  want  of  due  consideration  in  their 
formation. 

BT  H.  Y.   WmCHSLL,*  MINNBAPOLIS^  MINK. 

It  seems  to  me  that  uniformity  of  mining  law  in  North  America,  most 
of  necessity  start  with  uniformity  in  each  coimtry.  I  understand  that 
the  Provinces  of  Canada  have  the  right  to  make  their  own  individual 
laws  and  conditions,  to  prescribe  the  terms  under  which  the  prospector 
or  the  applicant  for  mineral  titles  may  secure  the  same.  That  is  not  true 
of  the  states  in  the  United  States.  In  this  coimtry,  the  Federal  Miniog 
Law  was  made  appUcable  to  the  public  domain,  which,  at  the  time  of  the 
adoption  of  this  Act  in  1872,  was  chiefly  west  of  the  Missouri  River; 
it  is  impossible  to  locate  a  mining  claim  in  most  of  our  east^n  statea 
It  is  true,  however,  that  there  are  certain  holdover  rights,  mostly  obsolete, 
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arising  from  the  fact  that  at  the  time  of  the  formation  of  the  Confedera- 
tion of  States,  the  land  that  belonged  to  each  state  became  the  property 
of  the  Federal  Government.  I  am  not  quite  correct  in  that,  it  was  some- 
time after  the  adoption  of  onr  Constitution,  I  think  it  was  1778,  but  those 
rights  were  largely,  by  agreement,  surrendered  to  the  Federal  Government ; 
but  it  is  a  fact  that  the  great  acquisitions  of  territory  in  the  West,  with 
the  single  exception  of  Texas,  were  of  domain  that  came  into  the  posses- 
sion of  the  Federal  Government  and  our  Federal  Mining  Law  appUes  to 
that  territory.  No  state  has  the  right  to  (by  legislative  enactment)  en- 
large upon  the  rights  given  by  the  Federal  Mining  Law,  governing  the 
acquisition  of  mining  claims  in  its  territory,  within  its  boundaries.  Each 
state  however  may,  and  some  of  them  do,  limit  somewhat  the  rights  given 
to  the  prospector.  For  instance,  the  Federal  Mining  Law  provides  that  a 
claim  may  be  taken,  staked  upon  the  public  domain,  of  600  ft.  in  width 
and  1500  ft.  in  length.  Some  of  the  states,  like  South  Dakota  and  Colo- 
rado, have  at  times  said  that  is  an  excessive  amount  of  land  for  a  single 
mining  claim;  we  will  therefore  limit  it  to  300  ft^  or  200  ft.  in  width. 
There  is,  therefore,  not  any  direct  and  immediate  need  for  uniformity  of 
mining  laws  in  the  United  States,  such  a^  there  might  possibly  be  if  it 
were  considered  at  all  desirable  upon  the  whole  in  Canada. 

The  initiation  of  mining  rights  under  the  Federal  Mining  Act  is 
the  act  of  discovery  of  valuable  mineral  in  place,  referring  now  to  the 
lode  mining  claims,  but  the  same  is  true  of  the  placer  claim.  It  is  true 
that  the  emphasis  has  never  been  laid  upon  the  word  valuable  and  that 
for  a  long  time  there  was  such  a  vast  surplus,  or  an  excessive  amount  of 
unwanted,  undesirable  land  in  the  West  that  the  land  offices  did  not 
scrutinize  the  claim  sought  to  be  located.  They  passed  upon  it  per- 
functorily and  granted  the  patents  upon  affidavits  of  the  owner.  As  a 
result  it  became  customary  to  allow  a  prospector  to  locate  a  claim  or  any. 
number  of  claims,  and  to  do  a  certain  amount  of  work  each  year;  then 
after  fiUng  his  affidavit  for  assessment  work  and  going  through  the  pre- 
liminaries and  paying  the  required  purqhase  price  he  would  secure  his 
patent.  It  is  a  fact,  however,  that  mineral  must  be  discovered.  The 
right  to  the  enjo3anent  of  possession  is  based  upon  that  fundamental 
fact;  if  a  contest  arises,  before  patent,  and  it  is  shown  by  the  contesting 
applicant  that  there  was  a  defect  or  an  untruth  in  the  statement  of  the 
discovery  of  mineral,  such  a  claim  may  be  canceled. 

We  recognize  very  many  points  of  excellence  in  the  Canadian  mining 
laws  and  particularly  in  that  of  Ontario.  We  have  for  a  long  time  felt 
that  our  law  is  woefully  defective  in  some  respects.  There  is,  however, 
apparently  a  fundamental  difference  of  principle  as  to  the  character  of 
title  to  mineral  land  between  that  of  the  United  States  and  that  of  Ontario. 
1*he  United  States  law  grants  the  title  to  a  piece  of  ground  together  with 
a11  veins  or  lodes  whose  outcrops  or  apices  lie  within  the  exterior  bounda- 
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ries  of  the  claim  granted,  although  upon  their  descent  into  the  earth, 
such  veins  depart  from  a  perpendicular  and  pass  beneath  the  surface  d 
the  property  of  an  adjoining  claim. 

It  is  probably  true  that  there  is  still  a  vestige  of  the  regalian  right  in  our 
mining  law;  it  is  perhaps  true  that  by  no  act  of  Congress  nor  any  specific 
general  rule,  has  the  fimdamental  and  inherent  sovereignty,  sov^^ign 
ownership,  of  the  right  to  minerals,  the  ownership  of  minerals  ever  been 
alienated  by  the  United  States.  The  situation  is  somewhat  similar  to 
that  in  some  of  the  British  Provinces,  where  the  first  or  some  early  charter 
conveyed  or  authorized  the  conveyance  of  titles  to  all  of  the  land  with 
the  underlying  minerals.  Such  was  the  case  in  South  Australia  wh^re, 
for  seventeen  years,  grants  were  made  of  lands,  together  with  the  minerals, 
under  the  full  authority  of  the  acts  of  Parliament.  When  minerals  were 
discovered,  the  then  Governor-General  said,  '' Minerals  belong  to  the 
crown,  we  will  take  possession  and  charge  a  royalty,  and  so  on."  The 
owners  of  lands  protested  and  said,  ''But  you  cannot  do  that,  it  has  all 
been  threshed  out,  we  have  our  patents,  we  have  them  under  authority 
of  the  Acts 'of  Parliament."  The  Governor-General  replied,  "Never- 
theless, minerals  belong  to  the  crown."  Upon  appeal  to  the  higher  author- 
ity, it  was  decided,  I  imderstand,  that  no  Governor-General  and  no 
sovereign  could  alienate  from  himself,  the  inherent  right  and  title  to 
those  minerals. 

The  Government,  therefore,  resumed  possession  and  occupation; 
but  in  the  true  English,  generous,  equitable  fashion  said  to  the  owners 
of  this  mining  grant,  "Now  we  have  given  you  that  land  and  takoi  away 
your  minerals,  but  we  will  return  your  royalty  minus  expenses."  We 
have  never  attempted,  so  far  as  I  know,  to  thoroughly  test  out  that 
question.  The  courts  have  held  that  if  in  the  government  grant  there  is 
jio  reservation  of  mineral  (not  referring  now  to  a  mining  claim  but  to  a 
homestead,  a  ranch,  anything  of  that  sort)  the  grant  conveys  also  sub- 
terranean rights  to  everything  beneath  the  area  of  the  surface  conveyed. 
Recently,  there  has  arisen  litigation  over  the  construction  of  railroad 
grants  in  the  West  and  an  effort  has  been  made  in  some  cases  to  get  the 
government  to  reclaim  the  oil  and  other  minerals  beneath  the  surface 
of  lands  that  were  conveyed  without  a  mineral  reservation.  It  is  prob- 
able that  in  the  United  States,  therefore,  under  a  long  line  of  dedsions, 
that  the  title  to  the  minerals  beneath  the  surface,  where  the  land  has 
been  conveyed  in  some  other  form  than  as  mining  land,  will  not  be 
attacked. 

The  custom  of  locating  square  claims  with  cardinal  boundaries,  on  the 
latitude  and  longitude  parallels  and  meridians,  is  one  that  appeals  to 
a  good  many  of  us  in  this  country.  We  should  be  very  glad,  indeed,  I 
think,  to  see  a  modification  in  our  laws  as  to  permit  some  such  arrange- 
ment as  that.    The  mass  of  mining  locations  that  are  plastered  over 
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some  of  the  ground  in  our  mining  campfi  in  the  West  is  simply  worse  than 
any  Chinese  puzzle;  and  it  leads  to  endless  confusion  and  litigaticm-. 

Reverting  to  that  question  of  discovery,  it  is  my  opinion  (I  am 
not  in  accord  with  all  of  the  mining  men  of  this  coimtry,  as  I  well 
know),  that  imder  the  new  conditions  with  the  new  kinds  of  prospecting 
made  possible  by  diamond  drilling  and  other  methods  of  exploration 
and  the  new  developments  of  metallurgy,  in  which  ore  may  be  a  rock 
containing  an  infinitesimal  amoimt  of  value,  the  requirement  for  dis- 
covery is  putting  the  cart  before  the  horse.  You  say  to  the  prospector, 
"You  find  the  mine  and  we  will  let  you  prospect  for  it."  Now,  why 
not  say,  "Go  out  and  stake  a  claim,  and  as  long  as  you  spend  your 
money  in  good  faith  looking  for  minerals,  you  may  hold  it.''  Or,  if 
you  prefer,  say,  "Hunt  for  five  years  spending  so  much  per  acre,  per 
anniun,  and  if  you  do  not  find  it,  let  somebody  else  have  a  chance.'' 
But  the  idea  of  requiring  a  mine  to  be  discovered  before  the  man  has  a 
mine  seems,  to  me,  ridiculous. 

Of  course,  we  have  that  very  ingenious  aid  to  mine  litigation,  the  apex 
provision  in  our  law,  and  it  is  not  necessary  to  dwell  upon  that  here. 
I  certainly  would  not  recommend  its  adoption  in  any  uniform  law  to 
cover  territory  in  Canada.  I  believe  you  had  a  little  experience  with  it 
in  British  Columbia.  We  are  the  only  people,  with  the  single  possible 
exception  of  Rhodesia,  in  Africa,  wh^e  that  extralateral  right  provision 
still  lingers.  We  have  found  it  difficult  to  convince  our  Congressmen  of 
our  sincerity  in  advocating  its  abolition,  and  tlie  mining  men  have  en- 
coimtered  considerable  opposition  on  the  part  of  Western  Bar  Associa- 
tions, when  they  attempted  to  minimize  the  amoimt  of  litigation  called 
for. 

One  thing  that  we  have  admired  in  the  Ontario  laws  in  general,  is  the 
fair  treatment  given  to  the  owner,  prospector,  and  the  man  endeavoring 
to  develop  mines.  We  have  sometimes  chafed  a  little  under  the  regula- 
tions, perhaps,  simply  because  they  were  a  little  different;  we  have  not 
realized  the  importance  of  the  limitation  of  the  number  of  claims  that  a 
man  can  buy  after  the  prospector  has  found  something;  and  if  a  patent  is 
issued  and  five  cents  an  acre  tax  paid,  if  some  person  wishes  to  buy  the 
claims  that  have  been  located  by  One  himdred  prospectors  he  can  do  it. 
The  purpose  of  prospecting  and  mining  laws  is  development  of  mineral 
resources.  It  seems  to  me  the  requirement  for  continuous  development 
and  work  is  the  vital  point  and  not  limiting  the  number  of  claims  that  a 
man  might  take.  One  man  might  be  able  to  work  only  three  claims, 
ajiother  might  work  one  himdred,  but  if  the  work  went  on  and  the  mines 
^were  developed,  that  is  the  result  desired. 

I  have  always  been  impressed  by  the  liberality  and  faimess  of  treat- 
xnent  received  by  the  prospector  and  miner  in  Ontario  and  I  am  glad  to 
bave  this  occasion  of  saying  so. 
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I  should  like  to  ask  one  question,  I  am  not  quite  dear  on  that  point: 
Do  the  laws  of  Ontario  limit  these  prospector's  licenses  to  citicens? 

T.  W.  Gibson. — ^A  miner's  license  can  be  had  by  anybody.  They  are 
limited  at  the  present  time  to  those  nations  who  were  allied  with  us  in  the 
war.    We  would  not  give  a  German  a  license,  of  course. 

Mr.  Winghell. — ^That  is  a  more  liberal  provision  than  is  contained 
in  the  United  States  mining  law.  An  applicant  for  a  mining  claim  in 
the  United  States  must  be  a  citizen  of  the  United  States  or  one  who  has 
declared  his  intention  of  becoming  such.  Of  (k>urse  that  simply  prevents 
some  prospectors;  it  does  not  hinder  a  German  or  anybody  else  from  buy- 
ing a  claim  after  it  has  been  located,  but  there  is  that  restriction.  That 
fact  was  pointed  out  to  me  by  an  eminent  attorney  in  Argentina,  who 
said,  ''Down  in  Argentina  anybody  can  take  a  mining  claim,  the  United 
States  has  shut  everybody  out  imless  they  are  citisens,  that  is  why  our 
laws  are  better  than  yours."  Well,  it  is  true  that  provision  is  contained 
in  one  of  the  few  opening  paragraphs  of  their  code,  but  it  is  not  followed 
by  the  same  Uberality  and  simplicity  of  provision. 

The  Mexican  mining  law  has  been,  I  cannot  speak  from  actual  know- 
ledge of  what  it  is  right  now,  a  very  good  mining  law.  It  has  been  possible 
to  acquire  a  title  to  property,  to  operate  with  few  restrictions,  to  pay  a 
return  to  the  government  upon  the  material  produced.  In  general,  the 
mining  law  has  been  admirable.  Of  course,  it  was  based  upon  the  exper- 
ience of  a  long  time;  it  was  in  some  respects  built  qtdte  similar  to  the  old 
Spanish  code.  There,  however,  again  the  government  does  not  part 
with  the  title  to  the  minerals.     There  is  a  little  different  system. 

It  seems  to  me,  therefore,  that  when  we  consider  the  question  ot 
uniformity  throughout  North  America,  that  uniformity  would  not  be  in 
every  respect  advisable.  I  believe,  as  Mr.  Godson  said,  that  conditions 
are  so  different,  the  character  of  the  minerals  in  different  coimtries  are  so 
different,  the  habits  and  customs  and  wants  of  the  people  are  so  different, 
that  it  is  not  altogether  desirable.  What  is  desirable,  is  a  closer  apprecia- 
tion of  each  other's  needs,  and  of  the  needs  of  the  industry  as  a  whole, 
better  cooperation  in  development,  in  the  exchange  of  ideas,  in  the  ex- 
change of  commodities,  and  in  freedom  of  access  to  information,  and,  as 
Dr.  Ledoux  said,  possibly  the  exchange  of  materials,  machinery,  products, 
without  tariff  limitations. 

Discussion 

H.  H.  RowATT,*  Ottawa,  Canada. — One  of  the  previous  speakers 
spoke  very  fully  about  the  Ontario  mining  law  and  the  difference  which 
exists  between  the  law  and  the  mining  law  of  some  of  the  other  Prov- 
inces.   The  Federal  Government  administers  the  minerals  in  a  portion  of 
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the  Dominion  of  Canada;  that  is,  the  Government  administers  the  min- 
erals in  those  Provinces  that  were  not  originally  included  in  the  federa- 
tion and  which  have  been  brought  into  confederation  more  recently. 
Manitoba,  Saskatchewan,  Alberta,  and  the  unorganized  northern  terri- 
tories are  administered  by  the  Federal  Government;  the  minerals  in 
these  provinces  and  territories  are  also  administered  by  that  Govern- 
ment. Up  to  the  year  1887,  it  was  not  thought  that  these  western  terri- 
tories, then  known  as  the  Northwest  Territories,  contained  any  minerals. 
But  coal  has  been  discovered  in  several  parts  of  the  western  territories. 
The  precious  metals  have  always  been  the  property  of  the  crown,  but 
the  baser  were  conveyed  in  feensimple,  issued  for  such  rights  in  the  form 
of  homesteads  and  purchases.  On  Nov.  1,  18^7,  all  mines  and  minerals 
were  reserved  to  the  crown,  and  all  titles  that  were  earned  subsequent 
to  that  date  contained  a  reservation  of  the  minerals.  Titles  earned  prior 
to  that  date  reserved  only  gold  and  silver. 

In  the  Western  Provinces,  there  are  minerals  that  are  not  found  in 
Ontario  and  the  mining  law,  as  a  result,  is  of  a  broader  character,  but  this 
afternoon  regulations  that  were  particularly  discussed,  were  the  lode 
regulations  and  in  these  the  Federal  law  differs  only  very  slightly  from 
the  laws  of  the  Province  of  Ontario.  Up  to  the  year  1914,  these  laws  were 
practically  similar;  but  by  amendment  to  the  Dominion's  Land  Act  at 
that  time  the  title  was  changed  from  fee-simple  to  lease,  and  all  titles 
earned  subsequent  to  that  year  are  in  the  form  of  leases.  But  this 
lease  is  practically  a  perpetual  lease;  that  is,  it  is  issued  for  a  period  of  21 
years  and  is  renewable  for  an  additional  period.  In  nearly  every  respect, 
it  is  quite  as  good  as  the  fee-simple. 

I  think  that  so  far  as  regulations  dealing  with  lode  mining  are  con- 
cerned, there  would  be  very  little  difBiculty,  indeed,  so  far  as  the  Dominion 
of  Canada  is  concerned  to  have  a  uniform  mining  law.  There  are  only  a 
few  particulars  in  which  the  Federal  mining  law,  in  respect  to  lode  mining, 
differs  from  the  laws  of  the 'Provinces.  There  is,  perhaps,  a  little  more 
liberality  in  the  Federal  law,  in  that  a  prospector  for  minerals  may  stake 
claims  and  may  i^cquire  the  final  form  of  title.  It  is  not  necessary  to  be  a 
Britidi^subject,  it  is  only  necessary  to  be  a  subject  of  a  country  that  is 
not  an  alien-enemy  country,  in  order  to  acquire  all  rights  to  minerals 
under  Federal  lands.  Citizens  of  allied  coimtries  are  entitled  to  pre- 
cisely the  same  privileges  as  citizens  of  the  British  Empire,  and  I  think 
that  in  nearly  all  of  the  Provinces  of  the  Dominion,  this  law  is  the  same; 
that  is,  that  only  persons  of  alien-enemy  nationality  are  barred  from  ac- 
quiring licenses.  That  is  the  only  regulation  that  has  been  discussed, 
and  therefore  I  have  confined  my  remarks  to  that  regulation  and  from 
my  knowledge  of  the  American  mining  law,  dealing  with  lode  mining, 
there  is  a  very  great  similarity  in  the  laws  of  each  country. 

Pbesidbnt  Jennings. — ^I  would  like  to  call  the  attention  of  some 
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of  the  gentlemen,  who  may  not  be  familiar  with  it,  to  the  hardship 
caused  by  the  necessity  for  discovery  before  the  issuance  of  the  ri^t 
to  prospect.  In  the  state  of  Nicaragua,  where  the  necessity  for  discovery 
prior  to  the  issuance  of  a  title  obtains,  there  is  a  lode  which  outcrops  for 
several  thousand  feet;  it  starts  in  with  a  dip  of  something  like  60^  and 
as  it  goes  down,  it  changes  its  dip  to  about  40^  and  at  a  depth  of  less  than 
800  ft.  dips  out  of  the  property  which  was  originally  available  to  locate 
the  crop.  The  hanging  wall  of  that  lode  is  a  siliceous  material  which, 
so  far,  has  absolutely  failed  to  reveal  any  other  valuable  mineral  except 
that  one  vein,  so  you  would  have  to  sink  a  shaft  at  least  800  ft.  deep 
through  the  hanging  wall  of  that  vein  in  order  to  get  the  deep  levels  of 
the  property.  While  you  know  that  valuable  deposits  exist  there,  you 
cannot  discover  it  in  the  surface  area  which  would  be  covered  by  the 
deep  levels  of  that  claim  and  therefore  you  cannot  get  them.  That  was 
brought  to  the  attention  of  the  Nicaragua  Government  and  an  attempt 
was  made  to  persuade  it  to  change  the  laws.  The  last  I  heard  these  laws 
had  not  been  changed. 

Thob.  W.  Gibson,  Toronto,  Ont. — Discovery  has  been  referred  to  as 
a  matter  of  importance.  That  was  and  is  a  requirement  of  the  Ontario 
law,  and  on  one  occasion  a  vigorous  effort  was  made  to  enforce  this  re- 
quirement. In  1903,  the  first  discoveries  were  made  in  what  speedily 
proved  to  be  one  of  the  most  valuable  silver  fields  ever  found — ^the  Cobalt 
camp.  Proof  of  discovery  under  the  regulations  was  met  by  filing  the 
aflBdavit  of  the  discoverer.  In  many  cases,  especially  near  a  known  and 
valuable  deposit,  doubts  were  freely  cast  on  the  genuineness  of  the  alleged 
discovery,  and  it  was  felt  that  an  affidavit  was  not  sufficient  proof.  Ac- 
cordingly, a  demand  arose  from  the  prospectors  that  all  discoveries  on  the 
strength  of  which  claims  were  staked  should  be  inspected  by  the  govern- 
ment, and  passed  on  officially.  Inspectors  of  known  skill  and  probity 
were  appointed  for  this  purpose,  and  ''passed''  or  canceled  claims  accord- 
ing to  whether  or  not  in  their  judgment,  a  real  find  had  been  made.  The 
practice  was  to  notify  the  locator,  and  have  him  accompany  the  inspector 
while  the  latter  made  his  examination. 

These  silver  veins  were  unusually  valuable,  containing  up  to  10,000 
oz.  of  silver  per  ton  of  ore.  Carloads  of  25  or  30  tons  were  taken  out  and 
shipped,  bringing  as  much  as  $100,000  or  $120,000  in  net  returns,  with 
silver  at  60  c.  per  oz.  or  less.  Possession  of  ground  so  rich  was  a  priie 
worth  striving  for;  consequently  it  is  doubtful  whether  any  other  lurea 
of  ground  of  equal  size  anywhere  was  ever  more  closely  o)r  minutely 
prospected  than  the  Cobalt  silver  area.  A  prospector  simply  had  to  make 
a  real  discovery  in  order  to  obtain  a  valid  claim.  This  plan  was  followed 
for  several  years,  until  in  fact  most  of  the  outcropping  veins  has  been 
located  and  staked.  The  sentiment  of  the  prospectors  changed;  they 
said:  If  a  man  is  willing  to  spend  his  time  and  money  in  trying  to  make 
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a  mine  out  of  any  piece  of  ground,  why  not  let  him  do  so  and  give  him 
the  claim?  The  inspectors  were  accordingly  withdrawn,  and  the  system 
of  inspecting  discoveries  discontinued. 

Another  point  I  wish  to  speak  of  is  the  mineral  rights  as  apart  from 
the  surface  rights.  It  used  to  be  the  case  that  in  granting  a  piece  of 
land  for  agricultural  purposes,  the  mineral  rights  were  reserved  to  the 
crown,  and  prospectors  were  permitted  to  go  on  privately  owned  land  and 
look  for  minerals.  If  they  made  a  find,  they  could  secure  the  mineral 
rights,  on  due  compensation  being  made  to  the  land  owner  for  damages 
to  the  surface.  In  case  of  dispute  the  matter  was  referred  to  the  Mining 
Commissioner.  That  system  was  brought  to  an  end  about  11  years  ago. 
It  would  not  become  me  to  say  anything  disrespectful  of  the  law,  but 
in  the  interest  of  mining  it  is  doubtful  whether  the  change  was  an  im- 
provement. Much  of  the  land  was  taken  up  by  farmers  who  are  not 
prospectors  and  have  little  knowledge  or  interest  in  minerals,  perhaps 
would  not  recognize  valuable  mineral  if  they  saw  it.  The  consequence 
is  the  land  so  granted  has  gone  improspected,  because  no  prospector  will 
spend  his  tiooie  looking  for  minerals  on  land  if  he  cannot  get  the  benefit 
of  what  he  may  find.  There  is  a  possibility  of  mineral  deposits  lying 
concealed  on  agricultural  grants,  which  if  located  and  worked  would 
strengthen  and  expand  the  mining  industry. 

H.  V.  WiNCHBLL.T-1  have  just  one  or  two  words  appropriate  to  Mr. 
Gibson's  remarks.  I  have  called  attention  to  the  situation  in  writing. 
A  few  years  hence  our  public  domain  will  be  no  more.  Where  then  is 
our  prospector  going  to  find  scope  for  his  activities?  There  is  no  provi- 
sion in  our  law  by  which  a  prospector  may  go  upon  privately  owned  prop- 
erty and  by  compensating  the  owner  for  damage  to  surface,  or  in  any 
other  way  have  the  right  to  prospect.  Some  day  we  are  going  to  be  face 
to  face  with  the  necessity  for  an  amendment  to  the  Federal  Constitution, 
giving  that  right  again  to  the  government,  to  say  to  the  prospector, 
"  You  may  go  where  you  will  and  sink  diamond-drill  holes,  or  otherwise, 
upon  lands  that  heretofore  have  been  conveyed  to  private  owners." 
It  will  be  an  absolute  necessity  to  provide  some  such  provision  as  that. 

Now  I  wish  to  say  further  that  our  Land  Department  has  within  the 
last  few  years  attempted  to  inspect  the  validity  of  discoveries  to  inquire 
into  mining  claims  for  which  applications  have  been  made.  We  have  had 
a  class  of  mineral  examiners  who  have  gone  through  the  land  looking  at 
these  things,  not  always  in  company  with  the  applicant  or  the  claimant, 
and  reporting  upon  them.  Some  of  them  have  been  good  men  and  some 
have  not,  but  what  difference  did  that  make?  How  could  a  man  go  to 
Tonapa  and  decide  upon  the  prospect  of  finding  ore  on  a  claim  where  the 
lava  was  2000  ft.  deep  over  the  outcrop  of  the  vein?  How  could  he  go 
to  Utah  copper  mine  and  decide  as  to  that  whole  mountain  of  material 
which  occupies  the  surface,  which  is  highly  discolored  in  places,  under- 
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neath  which  lies  the  largest  copper-ore  deposit  being  worked  in  the  United  j 
States  today?  How  could  he  go  to  Butte  and  look  at  the  outcrop  or  J 
look  at  the  first  450  ft.  of  development  work  on  the  Anaconda  Copper  | 
Mine  and  its  veins,  which  in  many  cases  do  not  carry  one  trace  of  copper, 
and  in  some  cases  only  a  trace  of  gold,  and  say  it  is  going  to  be  a  copper 
mine.  The  opinion  of  no  one  is  sufficient  to  say  a  prospector  has  a 
claim  that  is  going  to  develop  into  a  mine.  He  must  have  time  to  pros- 
pect it  and  develop  it  and  that  is  the  only  thing. 

Prssident  Jennings. — ^I  would  like  to  just  add  one  word  to  thU 
discussion  on  the  point  brought  out  by  Mr.  Gibson  and  that  is  when,  as 
I  understand  it,  land  has  once  been  allocated  to  a  farmer,  the  present 
law  in  Ontario  is  that  the  minerals  imderneath  that  land  go  with  it  and 
therefore,  also  belong  to  the  farmer.    The  question  arises  in  his  mifid, 
and  in  that  of  Mr.  Winchell  also,  how  are  you  going  to  develop  mines 
under  these  circumstances?    That  is  what  happened  in  the  Transvaal 
When  a  land  passed  to  a  farmer,  a  certain  amount  of  the  mineral  ri^ts 
passed  with  it,  but  while  the  state  nominally  reserved  to  itself  the  right 
of  minerals,  it  granted  at  the  same  time  the  right  to  the  farmer  to  say 
whether  or  not  his  land  should  be  prospected.    If  he  did  not  want  it  pros- 
pected, it  was  not,  but  if  he  did  want  it  prospected  and  valuable  minerals 
were  found,  he  had  for  his  own  right  a  certain  fraction  of  that  farm,  which 
was  called  the  mjmpact.    A  similar  way  of  handling  the  situation,  it 
seems  to  me,  can  easily  enough  arise  in  the  United  States.    If  I  think 
that  on  any  given  man's  farm  or  piece  of  ground  there  is  a  chance  to  dis- 
cover mineral  rights,  I  can  go  and  agree  with  him  and  say:  "If  you  will 
allow  me  to  prospect  on  your  land,  I  will  do  so  under  such  ai^d  such 
terms.    I  will  spend  my  money  and  my  time  in  the  chance  of  finding  the 
mineral,  and  if  I  do  find  mineral,  we  will  share  in  that  mineral  in  any 
given  proportion."    This  method  was  adopted  in  the  Transvaal,  and 
certainly  that  is  one  of  th^  largest  fields  of  mineral  discoveries  of  the 
world.    It  looks  to  me  that  to  inject  a  new  principle  in  the  ownership  of 
land  is  not  necessary.    An  agreement  with  the  owner  is  always  possible, 
and  if  not  with  that  particular  owner,  when  he  dies,  with  his  h^. 

T.  C.  Denis,*  Quebec,  Canada. — With  reference  to  one  of  Mr.  Gib- 
son's arguments,  I  may  say  that  the  Province  of  Quebec  adopted,  in 
1880,  the  principle  of  the  separation  of  the  mineral  rights  from  the  surface 
rights.  On  all  crown  lands  granted  to  colonists  for  agricultural  pur- 
poses, since  1880,  the  legislature  reserves  the  mineral  rights,  and  those 
holding  prospecting  licenses  may  go  and  prospect  those  lands  for  min- 
erals. When  the  owner  of  the  land  objects  to  the  prospector  going  on 
the  land  the  prospector  comes  to  our  office  and  makes  certain  d^xisits, 
determined  by  the  Mining  Bureau,  to  guarantee  against  damages. 

*  Supt.  of  Mines,  Province  of  Quebec. 
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In  the  province  of  Quebec  on  nearly  all  lands  granted  by  the  King 
of  France  before  the  conquest  by  England,  the  mineral  rights  were  re- 
served and  in  the  old  settled  parts  of  Quebec  the  government  owns  the 
mineral  rights.  We  often  have  granted  mineral  claims  on  lands  that 
were  ceded  to  French  seigniors  back  in  the  17th  century,  and  we  really 
have  had  no  trouble.  Of  course  we  have  not  had  intensive  mineral 
activities,  our  annual  mineral  production  being  around  $16,000,000,  but 
I  do  not  think  any  trouble  would  arise  from  this  condition. 

A.  R.  Chambers,*  New  Glasgow,  N.  S. — In  the  old  colony  of  New- 
foundland, the  rights  to  all  minerals  are  vested  in  the  crown,  and  a  mining 
man  or  prospector  having  placed  his  application  with  the  crown,  or  more 
correctly,  with  the  Mining  Department,  proceeds  to  prosecute  either  the 
prospecting  or  the  mining,  as  the  occasion  demands,  of  any  or  all  minerals 
that  may  be  found  thereon,  and  so  he  has  complete  authority  to  exercise 
all  his  ability  and  interest  capital  as  well  during  the  term  of  his  mining 
right.  There  is  here,  possibly,  a  tendency  to  tie  up  a  lot  of  mining  lands 
without  work  being  energetically  carried  on.  But,  in  listening  to  this 
discussion,  I  have  been  wondering  whether  or  not  some  compromise  be- 
tween these  two  ways  would  not  be  better.  That  is  to  say,  if  we  have 
a  claim  in  which  we  can  get  full  right  and  title  to  all  mineral,  without 
the  burden  of  previously  proving  the  existence  of  the  same,  let  it  be  so 
arranged  that  full  advantage  can  be  taken  of  this,  with  proper  precautions 
of  course  to  avoid  non-working. 

In  Nova  Scotia  the  situation  is  much  more  complicated.  The  crown 
has  been  giving  surface  grants  for  many  years  and  some  of  the  older 
grants  gave  nearly  all  minerals  to  the  surface  owners.  But,  as  time 
passed,  the  crown  reserved  more  and  more  minerals,  until  in  1858,  prac- 
tically all  mining  rights  were  reserved  to  the  crown.  In  this  field  we 
have,  as  I  say,  a  very  complicated  situation  and,  while  I  am  not  prepared 
to  make  any  comment  on  it,  the  information  given  here  this  afternoon 
will,  I  know,  help  us  in  that  country,  for  I  fear  we  will  have  to  do  some- 
thing in  the  near  future  to  revise  these  laws. 

*  Nova  Scotia  Steel  &  Coal  Co. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  rbvibion] 


Employment  of  Mine  Labor 

DiacuBsioii  of  the  paper  of  H.  M.  Wilson,  presented  at  the  New  York  meeting,  Feb- 
ruary, 1919,  and  printed  in  BtdUtin  No.  145,  January,  1919,  p.  83. 

C.  W.  Good  ALB,*  Butte,  Mont. — ^In  regard  to  the  employment  man- 
ager, the  North  Butte  Mining  Co.  has  undertaken  that  line  of  work  and^ 
the  rest  of  the  companies  are  watching  the  experiment.  If  it  is  proved 
to  be  the  proper  thing,  the  system  will  be  introduced  into  other  mines. 
We  have  to  combat  the  opposition  to  the  use  of  the  "rustling"  card. 
It  is  nothing  more  nor  less  than  asking  the  nationality,  where  the  man 
formerly  worked,  and  whether  he  is  married  or  single. 

Robert  Rhea  Goodrich,  Anaconda,  Mont,  (written  discussion t)» — 
Since  the  efficiency  of  the  diflferent  phases  of  personnel  work  employed 
by  mdustrial  concerns,  which  are  bringing  about  greater  efficiency  and 
lessening  the  labor  turnover,  the  latter  being  intimately  connected  with 
"  contentment  of  mind,"  depends  on  the  individual  workman,  it  is  highly 
desirable,  as  far  as  industry  is  concerned,  to  keep  the  workman's  mind 
and  body  in  trim  in  order  to  lessen  accidents  and  produce  a  higher  grade  of 
work.  Prevention  being  better  than  cure,  health  supervision  of  the  work- 
men during  employment  should  be  maintained  by  the  employers  in  order 
that  mental  alertness  and  physical  well-being  may  be  obtained.  1  have 
long  believed,  from  observation  in  many  plants,  that  when  any  problem 
is  dependent  on  the  individual  workman,  what  he  believes  and  what  he 
does  is  vitally  dependent  on  his  health.  I  will  follow  with  much  interest 
what  is  to  be  done  in  the  future  in  relation  to  the  subject  of  health 
supervision  during  employment  (as  well  as  medical  examinations  at  the 
time  of  employment),  and  1  hope  this  idea  will  be  generally  instituted 
in  personnel  work. 

A  workman  with  good  health  and  a  contented  mind  should  be  an  ideal 
component  of  a  progressive  industrial  concern.  The  contentment  of  the 
workman  is  fostered  by  a  number  of  admirable  phases  of  welfare  work 
if^hich  are  being  still  further  developed.  The  mental  and  physical  well- 
being  of  labor  should  be  the  issue  in  Labor  vs.  Capital  in  the  new  period 
of  the  industrial  promotion  of  the  United  States  into  which  we  are  now 
entering. 


*  Manager,  B.  &  M.  Dept.,  Anaconda  Copper  Mining  Co. 
t  Received  Feb.  17,  1919. 
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M.  D.  Cooper,*  Brownsville,  Pa. — In  the  bituminous  mines  the  whole 
system  at  the  present  time,  with  a  few  notable  exceptions,  is  lost  in  con- 
fusion. In  fact,  there  is  no  system.  At  the  averag;e  mine,  the  super- 
intendent or  foreman  employs  his  men  with  very  Uttle  examination  of 
any  kind,  physical  or  mental.  There  is  need,  therefore,  of  some  stand- 
ardization of  methods.  This  is  accomplished,  in  the  case  of  the  larger 
mines,  by  an  employment  bureau,  but  In  Western  Pennsylvania  there  are 
a  great  many  mines,  employing  from  five  up  to  100  men,  which  are  at  a 
disadvantage  when  it  comes  to  maintaining  any  sort  of  employment 
bureau.  But  it  is  possible  to  estabUsh  a  system  without  an  empIo3rment 
department;  that  is  to  say,  some  form  of  a  record  may  be  made  of  the  men 
and  their  fitness  for  certain  positions  and  this  record  passed  about  among 
the  employees  in  the  handling  of  the  labor  situation.  A  better  method 
would  be  a  codperative  employment  bureau  among  the  small  employers. 

The  next  feature  of  the  employment  of  mine  labor  is  that  of  retention. 
This,  during  the  past  two  years,  has  been  an  exceedingly  serious  problem. 
Two  factors  affect  the  retention  of  mine  labor:  The  first  is  the  reputation 
of  the  employer.  This  is  dependent  largely  on  living  conditions;  that  is 
the  location  of  the  plant,  the  character  of  the  houses  provided,  sanita- 
tion, etc.  Recreation  is  increasingly  important.  The  company  with 
which  I  am  associated  has  recently  attempted  to  solve  the  problem  of 
recreation  and  add  to  the  contentment  of  the  community  by  erecting  a 
community  house,  which  contains  a  moving-picture  show,  bowling  alleys, 
pool  tables,  etc.^  This  is  a  move  in  the  right  direction.  Education 
also  is  an  important  feature.  The  miners  are  much  more  interested 
than  formerly  in  the  educational  facilities  provided  for  their  children. 
Next,  after  the  reputation  of  the  employer,  is  the  conduct  of  the  bosses 
in  the  company  organization.  It  has  been  the  constant  effort  of  our 
company  to  obtain  for  the  official  positions  men  who  were  able  to  take 
a  broad-minded  view  in  regard  to  mine  labor.  This  is  not  an  easy  thing 
to  bring  about,  but  on  its  accomplishment  depends  the  success  of  the 
company  in  retaining  men.  In  this  connection  the  point  Dr.  Lansa  has 
brought  out  in  regard  to  the  examination  of  men  is  very  important-.  I 
suppose  we  can  all  think  of  men  who  are  employed  in  certain  positions 
where  they  are  entirely  out  of  place  physically. 

The  third  feature  of  employment  of  mine  labor  is  that  of  disconnec- 
tion with  the  company;  there  is  vast  room  for  improvement  here.  The 
solution  of  this  problem  lies  in  the  giving  of  sufficient  notice  both  by  the 
laborer  when  he  intends  to  quit  and  by  the  official  when  he  intends  to 
discharge  the  man. 

The  Chairman  (B.  F.  TiLLS0N,t  Franklin,  N.  J.). — ^It  seems  to  me 
that  the  employment  of  labor  is  so  closely  knit  with  the  problem  of 

*  Assistant  General  Manager,  Hecla  Coal  &  Coke  Co.,  Pittsburgh,  Pla. 
t  Mining  Engineer,  New  Jersey  Zinc  Co. 
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labor  turnover  that  it  would  be  of  great  interest  if  our  Transactvyns 
contained  data,  or  figures,  from  representatives  of  various  companies 
in  regard  to  what  their  labor  turnover  has  been  during  this  past  year. 
I  may  say  that  the  zinc  mine  at  Franklin  had  a  labor  turnover  of  72 
per  cent,  for  the  past  year.  Furthermore,  the  question  of  attendance 
enters  importantly  in  production.  If  the  attendance  is  poor  and  the 
foreman  does  not  know  on  how  many  he  can  rely,  it  produces  inefficiency. 
The  attendance  during  the  same  period  was  87.5  per  cent,  of  the  possible 
shifts  of  labor,  which  includes  two  months'  suffering  from  the  epidemic 
of  influenza,  which  was  very  severe  in  the  camp.  The  lack  of  attendance 
may  be  classified  as  follows:  Loss  of  time  due  to  accident,  loss  of  time 
due  to  illness,  loss  of  time  from  other  causes,  realizing  that  the  loss  of 
time  due  to  illness  is  often  brought  about  by  inebriety.  The  corresponding 
statistics  were  for  this  same  force  of  men,  averaging  about  850:  Loss 
of  time  due  to  accident,  0.5  per  cent,  of  the  total  possible  time;  loss  of 
time  due  to  claimed  illness,  3  per  cent.;  loss  of  time  from  other  causes, 
9  per  cent.,  which  indicates  that  a  man's  lack  of  interest  in  earning  more 
and  attending  to  his  job  are  an  important  factor  in  the  amount  of  work 
being  done  by  the  present  forces  of  labor. 

E.  A.  HoLBBOOK,*  Urbana,  111. — ^In  listening  to  the  remarks  of  the 
Chairman  on  labor  turnover,  the  question  arose  in  my  mind,  on  what  do 
we  base  our  figures  when  computing  our  labor  turnover?  In  one  case, 
I  was  told,  the  labor  turnover  is  figured  on  the  basis  of  men  working  a 
month  or  more;  in  another  place,  the  labor  turnover  is  figured  on  the 
basis  of  a  man  going  into  his  working  place  and  putting  in  a  shift;  in 
another,  place,  a  man  is  simply  put  on  the  books  of  the  company  and  is 
figured  in  the  turnover.  I  would  like  to  ask  what  is  the  basis  on  which 
you  figure  your  labor  turnover? 

Chairman  Tillson. — The  labor  turnover  is  based  on  the  niunber 
of  men  leaving  divided  by  the  average  possible  niunber  of  men  that  might 
have  been  working  during  the  year,  and  the  average  possible  force  is 
obtained  by  dividing  the  total  possible  number  of  labor  shifts  by  the 
average  number  of  working  shifts  during  the  year.  We  have  studied 
the  problems  from  many  angles  and  it  seems  to  be  a  well  accepted  con- 
clusion that  this  is  the  proper  rating  of  labor  turnover. 

James  P.  Munroe,!  Washington,  D.  C. — May  I  say,  in  connection 
i^th  the  very  interesting  paper  that  Mr.  Wilson  has  presented,  that 
I  bring  very  encouraging  news  from  the  city  of  Lawrence,  where  my 
factory  is.  Lawrence  has  a  very  mixed  foreign  population  so  the 
Solsheviki  have  been  concentrating  on  it  as  the  opening  place  for 
their  campaign.     For  many  weeks  they  have  been  sending  their  best 

*-Siipenri8mg  Mine  Engineer  and  Metallurgist,  U.  S.  Bureau  of  Mines, 
t  Viee-chainnan,  Federal  Board  for  Vocational  Education. 
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leaders  into  the  city  to  head  this  outbreak;  but  the  movement  has  petered 
out.  The  foreign  people  have  taken  no  stock  whatever  in  these  doctrines, 
with  the  result  that  all  these  leaders  have  gone  away  disgusted,  saying 
that  it  is  absolutely  impossible  to  make  any  progress. 


Use  of  Cripples  in  Industry 

Discussion  of  the  paper  of  James  P.  Munbob,  presented  at  the  New  York  meeting 
February,  1919,  and  printed  in  BvUetin  No.  145,  January,  1919,  p.  S7. 

James  P.  Mxtnroe. — The  present  situation  is  vastly  different  from 
the  situation  at  the  time  the  paper  was  written.  We  now  know  pretty 
well  what  our  problem  with  the  disabled  soldier  is :  50,000  disabled  men 
have  come  back  and  the  Surgeon  General  tells  us  that  probably  35,000 
more  are  coming  over  in  the  months  of  March  and  April.  So  the  total 
number  of  disabled  men  will  be  85,000,  which  of  course  includes  a  great 
number  of  slightly  disabled.  If  we  followed  the  proportion  that  obtains 
in  other  countries,  we  would  have  about  10  per  cent,  of  those  people 
to  be  retrained  under  the  Vocational  Law.  As  a  matter  of  fact,  the  general 
intelligence  of  oiu*  men  is  so  much  higher  and  the  provision  the  govern- 
ment has  made  for  the  training  of  these  disabled  men  is  so  much  more 
liberal  than  with  the  other  governments  that  we  feel  very  certain 
indeed  that  instead  of  having  8500  men  to  be  retrained  there  will 
probably  be  twelve  and  possibly  fifteen  thousand. 


Prevention  of  Illness  Among  Mine  En^loyees 

Discussion  of  the  paper  of  A  J.  Lanza,  presented  at  the  New  York  meeting,  Februaxy, 
1919,  and  printed  in  Bulletin  No.  146,  Febmary,  1919,  p.  435. 

J.  J.  Carrigan,  Butte,  Mont,  (written  discussion*). — I  think  all 
who  have  had  experience  in  the  operation  of  metal  mines  will  agree  with 
Dr.  Lanza  that  many  improvements  can  be  made  in  the  underground 
workings  to  improve  health  conditions.  Physical  examination  would  no 
doubt  be  a  good  thing  and  would  do  a  great  deal  in  abating  the  disease 
now  so  common  among  metal  miners,  but  I  cannot  see  how  it  would  be 
possible  to  put  this  examination  into  practical  working  order.  Dr. 
Lanza  says,  ''For  the  sake  of  argument,  this  physical  examination  should 
be  under  state  supervision."  I  think  if  this  were  attempted  it  would 
result  in  nothing  but  argument.  While  such  a  law  possibly  could  be 
passed  in  a  few  states,  I  feel  certain  that  in  the  greater  number  the  miners 
would  fight  such  legislation  with  the  same  determination  that  they  would 
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fight  a  change  of  the  working  day  from  8  to  10  hr.  In  the  smaller  mining 
camps  this  examination  could  probably  be  carried  out  \mder  the  super- 
vision of  the  mining  company  with  considerable  success.  In  the  large 
mining  camps  of  the  West  that  have  adopted  it,  we  all  know  how  far 
it  is  from  being  satisfactory;  it  causes  more  discontent  among  the  men 
than  any  other  change  of  conditions  that  the  companies  may  try  to  bring 
about. 

Dry  drilling,  no  doubt,  has  been  one  of  the  chief  causes  of  tuberculosis 
among  miners.  While  this  practice  is  still  being  carried  on  to  some 
extent,  the  reason  for  it  is  that  there  has  been  no  wet  drill  that  was  at  all 
satisfactory  for  use  in  all  conditions  of  stoping.  For  some  time,  however, 
there  has  been  on  the  market  a  spray  used  in  connection  with  drilling  that 
eliminates  the  dust  in  a  satisfactory  manner,  but  I  know  that  95  per  cent, 
of  the  miners  would  refuse  to  use  the  spray  and  would  sooner  "eat  the 
dust"  than  work  under  wet  or  muddy  conditions. 

The  Anaconda  company  has  been  experimenting  with  a  wat^r  stoper 
that,  I  think,  will  prove  satisfactory.  All  the  drill  manufacturers  have 
been  working  along  these  lines  for  some  time,  and  probably  the  dry  stoper 
drills  will  soon  be  entirely  replaced  by  the  wet  drill. 

Ventilation  of  metal  mines  is  about  the  most  important  and  one  ofthe 
biggest  problems  to  be  considered,  not  only  from  a  standpoint  of  improv- 
ing health  conditions,  but  as  a  matter  of  efiBiciency,  but  to  compare  the 
problems  in  the  ventilation  of  coal  mines  with  those  of  metal  mines  is 
hardly  fair.  The  nature  of  the  underground  workings  is  entirely  dif- 
ferent, and  the  character  of  the  ground  in  the  metal  mines  is  such  that 
large  amounts  of  timber  are  necessary,  the  oxidation  of  which  generates  a 
great  deal  of  heat.  By  working  on  different  levels  in  the  metal  mines  the 
men  are  distributed  over  a  large  area,  and  there  may  be  many  different 
veins  to  be  worked  from  each  level,  which  makes  it  a  great  deal  harder  to 
control  the  air  currents. 

Until  a  few  years  ago,  the  mines  in  the  camps  of  the  West  were  oper- 
ated by  many  small  independent  companies  and  the  larger  companies  did 
not  work  together  as  they  do  now.  Very  little  attention  was  paid  to 
ventilation,  at  first,  it  not  being  necessary,  and  as  the  mines  increased  in 
depth,  these  independent  companies  were  lax  in  matters  of  ventilation. 
Since  these  companies  have  been  consolidated,  it  has  required  a  great  deal 
of  work  to  improve  conditions,  owing  to  the  condition  of  the  old  workings 
and  to  the  different  elevations  of  the  levels. 

The  Anaconda  company  has  been  going  into  the  ventilation  question 
very  thoroughly  for  some  time  and  has  an  engineer  in  charge  of  this  work. 
I  think  we  all  realize  what  a  big  job  it  is  and  that  it  will  be  some  time  before 
the  ventilation  conditions  are  as  the  company  desires  to  have  them. 

Regarding  toilet  conditions  imderground,  all  the  mines  of  the  Ana- 
conda company  are  equipped  with  sanitary  toilet  cars,  which  are  taken  to 
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the  surface  every  day  to  be  cleaned.  I  suppose  that  most  of  the  companies 
in  the  country  have  similar  equipment,  as  it  is,  no  doubt,  very  important 
from  a  standpoint  of  health. 

C.  E.  Calvsrt,  Butte,  Mont,  (written  discussion*). — ^Dr.  Lansa's 
suggestion  of  an  inter-state  medical  examination  will  meet  with  consider- 
able dissension.  It  is  safe  to  say  that  50  per  cent,  of  the  miners  are  noigra- 
tory,  working  from  one  camp  to  another  and  covering  territory  from 
Alaska  to  Mexico.  These  miners  would  object  very  strenuously  to 
medical  examinations  at  every  move,  and  yet  a  medical  passport  between 
states  does  not  sound  feasible. 

A  law  compelling  medical  examination  would  necessarily  require  some 
standard  of  health,  and  this  also  would  cause  dissension.  Suppose  an 
applicant  failed  to  pass  this  standard,  his  medical  card  would  show  tlu& 
and  he  would  immediately  become  an  undesirable,  from  the  standpcxiit  of 
an  eSBicient  laborer.  If  unable  to  procure  employment  on  account  of  his 
health,  he  would  naturally  seek  retribution  from  his  former  employer  and 
one  can  readily  see  the  difSculties  in  store  should  such  a  proceeding  be 
carried  out. 

It  is  agreed  by  all  that  dry  drilling  is  one  of  the  chief  caiises  of  chali- 
cosis  so  prevalent  among  miners,  yet  this  cause  could  be  practically 
removed  by  proper  legislation  and  strict  enforcement  of  the  law.  Wet 
drilling  in  upper  holes  has  not  been  developed  because  wet  stoping 
machines  have  not  proved  entirely  satisfactory.  This  lack  of  devel- 
opment by  the  companies  may  be  attributed  in  part  to  the  indifference  of 
the  miner.  Had  the  miner  demanded  such  a  machine  from  the  mining 
companies,  they,  in  turn,  would  have  demanded  some  improvement  from 
the  machinery  companies.  A  few  wet  stopers  have  been  tried  in  this 
locality  but  the  personal  element  enters  into  the  operation  of  the  machine 
to  such  an  extent  that  its  success  or  failure  depends  on  the  individual 
miner. 

C.  W.  GooDALE,t  Butte,  Mont. — ^A  few  years  ago  the  miners  had  a 
law  passed  compelling  the  mine  companies  to  furnish  100  ft.  of  free  air 
per  minute,  exclusive  of  any  air  that  was  furnished  from  the  air  compresses, 
or  the  air  used  in  drilling.  At  the  present  time  the  Anaconda  ocHupany 
has  machinery  furnishing  air  at  the  rate  of  300  cu.  ft.  per  min.  and  it  will 
soon  be  doubled,  at  the  cost  of  $500,000. 

The  Chairman  (B.  F.  Tillson,J  Franklin,  N.  J.). — I  would  like  to 
ask  Dr.  Lanza  if  he  would  qualify  his  statement  in  regard  to  all  rock  bdng 
injurious  by  including  non-siliceous  rock? 
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A.  J.  Lanza. — I  should  say  that  if  it  was  pure  Umestone  it  would  not  be 
considered  contributory  to  tuberculosis.  I  mentioned  hard  rock.  Some 
lime  rock  is  siliceous  and  is  injurious. 

Chaikman  Tillson. — Might  I  ask  also  whether  that  includes  coal 
dust? 

A.  J.  Lanza. — The  question  of  coal  dust  is  a  very  interesting  one  and 
is  not  entirely  settled.  There  is  considerable  evidence  to  show  that  the 
coal  miner  is  relatively  immune  to  tuberculosis,  and  some  very  inter- 
esting views  and  arguments  and  demonstrations  have  been  worked  out 
by  anatomists  and  pathologists  as  to  why  it  is  that  a  man  who  accumulates 
coal  dust  in  his  lungs  is  immune  to  tuberculosis.  There  is,  however, 
I  imderstand  a  growing  notion  that  the  dust  may  not  be  as  harmless  as 
supposed  and  I  recently  came  in  contact  with  men  who  complained 
bitterly  of  coke  dust;  but  I  have  had  no  opportunity  of  finding  out  if  it 
was  doing  them  any  harm.     They  complained  that  it  was. 

H.  M.  Wilson,*  Pittsburgh,  Pa. — Is  it  not  possible  that  the  immunity 
of  coal  miners  to  tuberculosis  is  due  to  the  well  known  fact  that  one  of  the 
greatest  preventatives  and  curatives  of  tuberculosis  is  the  oxygen  that 
comes  from  open-air  life  and  plenty  of  fresh  air;  and  therefore  may  not 
this  immunity  be  due  to  the  fact  that  in  coal  mines  there  is  generally 
good  ventilation  and  plenty  of  fresh  air  blown  into  the  mine,  and  the  men 
working  in  the  mine  are  actually  living  under  better  conditions  of  good 
oxygen  to  breathe  than  the  men  in  almost  any  other  occupation  that  I 
know  of? 

A.  J.  Lanza. — I  do  not  think  that  that  is  at  all  tenable.  There  is 
no  getting  around  the  fact  that  the  inhalation  of  coal  dust  causes  very 
marked  changes  in  the  structure  of  the  lung,  and  it  is  also  a  well  known 
fact  that  the  process  of  producing  fibrous  tissue  is  an  offset  to  tubercu- 
losis, as  it  does  not  afford  a  very  advantageous  ground  for  the  devel- 
opment of  the  tuberculosis  bacillus.  As  far  as  we  can  see,  that  is  the  only 
explanation  that  will  hold  water  as  to  why  coal  miners  are  relatively 
immune  to  tuberculosis. 

I  want  to  say  another  word  about  dry  drilling  and  about  the  remarks 
I  made  about  dry  drilling.  I  know  perfectly  well  that  the  water  drill  was 
invented  a  good  many  years  ago  and  have  seen  various  water  stopers  and 
-water  drills  and  the  like  and  all  of  us  have  seen  water  sprays  in  use  on 
drills  and  we  know  these  latter  are  totally  worthless.  There  never  was  a 
water  spray  affixed  to  a  drill  that  was  worth  the  time  and  trouble  it  took 
to  put  it  in  place.  There  is  only  one  kind  of  water  drill  that  will  be  any 
good  and  that  is  a  drill  where  water  has  to  be  used  for  the  drill  to  function 
properly.  We  know  that  there  are  good  water  drills  yet  the  dry  drills 
are  used  in  great  numbers.    There  is  absolutely  no  reason  for  that  practice 
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and  you  are  not  going  to  have  anything  but  tuberculous  miners  while  it 
is  continued.  There  are  all  kinds  of  laws  to  prevent  dry  drilling;  it  is  a 
question  of  enforcing  the  law.  The  point  I  want  to  make  is  this :  dry  drill- 
ing is  practised  to  an  inexcusable  extent  and  I  think  the  American  iDsti- 
tute  of  Mining  Engineers  could  very  well  take  some  steps  to  eliminate  such 
practice. 


Need  for  Vocational  Schools  in  Mining  Communities 

Discuflsion  of  the  paper  of  J.  C.  Wright,  presented  at  the  New  York  meeting,  f'eb- 
ruary,  1919,  and  printed  in  BuUetin  No.  145,  Jannaiy,  1919,  p.  91. 

J.  C.  Wright. — ^The  problem  of  organizing  and  maintaining  a  voca- 
tional class  for  those  employees  who  are  engaged  in  the  mining  industn- 
depends  on  several  most  important  factors.  The  first  is  the  sympathetic 
codperation  of  employer  and  employee;  the  second  is  to  find  the  sub- 
ject matter  that  must  be  presented  to  these  men;  and  the  third  is  to  find 
the  instructor  who  can  present  that  subject  matter.  This  is  perhaps  the 
most  difficult,  for  we  usually  find  a  man  who  knows  the  material  that  is  to 
be  presented  but  is  not  a  teacher  or  does  not  know  how  to  organize  his 
material.  Th^  man  must  know  the  subject  matter  from  the  standpoint 
of  absolute  contact  with  industry  in  order  to  be  a  successful  teacher. 

I  have  come  into  contact  with  two  kinds  of  schools  organized  in  con- 
nection with  mining  occupations.  In  one  type  the  instruction  leans  very 
largely  toward  elementary  subjects,  arithmetic,  reading  and  writing  and 
spelling;  it  is  not  of  such  a  character  as  to  help  or  improve  the  working 
man  in  his  occupation  in  the  sense  that  we  are  attempting  when  we  speak 
of  vocational  education.  In  the  other  type  of  school,  an  engineer  is 
usually  employed  as  a  teacher.  He  immediately  begins  to  give  the  things 
with  which  he  is  most  familiar  and  the  instruction  becomes  such  as  only 
those  who  possess  k  high-school  or  college  education,  perhaps,  are  able  to 
receive.  In  between  these  two  schools  is  the  school  we  are  tryingto 
promote,  a  school  that  will  meet  the  needs  of  those  employed. 

Marguerite  W.  Jordan,*  Altoona,  Pa. — Vocational  education  has 
become  the  business  man's  problem;  for  he  is  the  keeper  of  that  white 
elephant,  labor  turnover,  and  anything  that  will  decrease  the  size  of  the 
monster  is  worthy  of  serious  consideration.  This  vocational  education 
can  do;-'for  it  can  supply  many  of  those  deficiencies  in  upbringing  and 
environment  that  make  for  the  discontent  and  restlessness  of  our  varied 
classes  of  unskilled  labor:  the  Anglo-Saxon  mountaineer;  the  Southern 
negroes  who  have  crossed  Mason  &  Dixon's  line  by  the  thousands, 
''searching  satisfaction  for  our  minds;''  and  the  still  greater  numbei 
who  have  sought  across  the  sea  America,  "the  promised  land.'' 

^Advuory  Council,  Industrial  Relstiona. 
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For  no  one  is  this  question  of  discontented  labor  more  acute  than  for 
the  coal  operator,  especially  because  the  mining  industry,  by  its  very 
nature,  offers  unattractive  home  environment.  The  timber  has  been 
largely  stripped  and  many  of  the  streams  look  like  liquid  coal.  Huge 
waste  heaps,  barren  hills,  grimy  red  and  gray  houses  help  to  make  a 
landscape  that  is  monotonous  and  dreary.  Working  away  from  the  sun- 
light is  not  particularly  conducive  to  mental  or  moral  advancement. 
Add  to  this  the  lonesomeness  of  the  job,  time  to  think  and  little  to  think 
about  but  grievances,  and  the  fact  that  the  element  of  danger  is  always 
present.  Is  it  any  wonder  that  the  miner  returns  at  night,  gloomy  and 
irritable,  to  his  unsightly  home  and  half-cooked  meal? 

Here  at  once  vocational  education  can  remedy  much,  with  its  dom- 
estic-science courses.    The  oldest  of  the  world's  arts,  home-making,  is 
still  strangely  new  to  the  vast  majority  of  those  who  assume  life's  gravest 
responsibility  without  the  least  training.    Contrary  to  the  average  man's 
opinion  on  the  subject,  women  are  not  born  knowing  how  to  sew  or  cook. 
We  catch  influenza  and  other  things,  but  we  do  not  catch  home-making. 
If  the  wife  pf  the  wage  earner  knows  anything  about  it,  it  is  because  her 
mother  knew;  and  if  that  mother  was  a  peasant  of  Southern  Europe,  a 
mountaineer,  or  a  cotton  field  ''nigger,"  her  chances  are  slim.     It  is  usu- 
ally almost  as  much  a  matter  of  individual  discovery  as  if  she  were  living 
on  a  desert  island,  but  when  eggs  are  80c.  a  dozen,  Robinson  Crusoe  stuff 
comes  pretty  high.     The  ordinary  domestic-science  course  of  the  public 
school  offers  little  aid  to  this  condition,  for  familiarity  with  electric  equip- 
ment and  white  marble-top  tables  gives  one  no  sense  of  poise  when  she 
meets  a  kitchen  equipment  consisting  solely  of  a  two-eyed  coal  stove  and 
a  frying  pan.  , 

Nor  are  the  public  schools  much  more  adequate  in  developing  general 
inteUigence.     In  a  recent  issue  of  Coal  Age  I  read  this:  ''Let  the  teachers 
be  instructed  by  mine  oSBicials,  to  maintain  a  high  standard  of  order 
and  cleanliness  in  the  school."    But  what  of  the  fact  that  360,000  of 
our  teachers  are  less  than  19  years  old;  that  two-thirds  of  these  have 
not    completed  the  eighth  grade;  that  a  large  majority  of  these  are 
teaching  in  mining  villages,  where  "them  shoes"  and  "has  saw"  is 
good  school  English?    Moreover,  we  pay  the  average  school  teacher  less 
than  a  day  laborer.     Our  national  chewing-gum  bill  is  larger  than  our 
educational  bill.     Can  the  coal  operators  look  for  community  improve- 
ment through  such  instruction?    Yet  children  at  the  rate  of  a  million  a 
year    are  leaving  these  schools  to  enter  industry,  children  with  prac- 
tically untrained  minds.      Naturally,  the  child  and  the  industry  can 
profit  in  only  a  small  degree  from  the  instruction  of  the  foreman. 

Industry  suffers,  too,  because  our  schools  fail  to  realize  that  learning 
to  ivork  and  working  can  become  an  affair  of  absorbing  interest.  Dis- 
-e^ard  of  this  work  instinct  of  the  child — which  is  first  expressed  in  play, 
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visualized  and  acted  from  the  local  industries — means  abnormal  and 
curtailed  development;  and  this  is  the  beginning  of  our  misfits,  unfits, 
the  lame  ducks  of  industry.  In  contrast  to  this  there  is  the  story  of  a 
little  girl  in  one  of  the  mountain  schools  who  had  a  job  of  making  beds. 
One  day  she  was  not  feeling  very  well  and  was  told  that  unless  she  felt 
much  better  she  need  not  get  up  in  the  morning. 

''Oh/'  she  said,  ''I'm  aimin'  to  be  stirrin'  soon;  hit's  Saturday,  and  I 
wouldn't  trust  anybody  else  to  put  clean  sheets  on  the  beds." 

As  far  as  my  limited  experience  in  industry  is  concerned,  that  spirit 
of  responsibility  is  the  thing  mine  owners  are  in  greatest  need  of;  and, 
contrary  to  former  opinions,  we  have  learned  that  it  won't  "just  grow." 
This  very  spirit  is  a  product  of  vocational  education. 

There  is  excellent  precedent  for  vocational  education.  In  1642, 
parents  and  masters  were  warned  "to  give  their  workers  training  in  em- 
ployments which  would  be  profitable  to  themselves  and  to  the  Common- 
wealth." England  now  demands  8  hr.  per  week  of  vocational  training  for 
all  workers  under  18,  as  well  as  for  unskilled  employees  above  that  age. 
This  is  done  on  company  time,  and  in  this  way  will  England  maintain  its 
supply  of  skilled  labor.  France,  also,  has  compulsory  training  in  all 
shops.  Our  own  vocational  schools  demonstrated  their  possibilities  by 
training  thousands  of  army  mechanics  in  a  short  time.  Many  of  Amer- 
ica's industries  have  adopted  vocational  work,  and  the  Smith-Hughes  Act 
makes  it  possible  in  all  industries. 

Other  things  being  equal,  a  mian  of  the  mines  ia  the  ideal  teacher,  and 
if  he  is  man  enough  for  the  job,  the  difficulties  will  iron  out.  When  a 
person  is  hired  for  the  work,  it  ought  to  be  understood  that  it  is  not  a  "  two 
hours  a  night "  job,  but  a  job  to  which  is  to  be  given  all  the  time  necessary 
to  do  a  good  piece  of  work.  The  school  needs  an  executive  head,  with 
time  for  organization,  and  one  with  an  understanding  of  community, 
individual,  and  industrial  needs.  Just  as  in  any  business,  there  must  be 
care  used  as  to  its  establishment,  and  such  a  job  cannot  be  wished  on  the 
already  over-busy  school  superintendent. 

The  vocational  school  is  in  reality  a  business  and  must  take  the  point 
of  view  that  if  it  is  going  to  do  business  it  must  adopt  aggressive  methods 
of  advertising.  Of  primary  importance  is.the  necessity  of  presenting  the 
work  solely  from  the  standpoint  of  utility.  The  fact  that  50,000  men 
have  enrolled  in  mining  courses  of  correspondence  schools  shows  the 
demand  when  the  value  is  imderstood.  The  time  and  interest  of  a 
miner  is  limited,  and  the  work  must  be  so  organized  that  he  can  easily 
get  what  he  needs.  The  experienced  workers  have  judgment  based  on 
first-hand  knowledge ;  they  know  by  experience  what  the  trade  demands  of 
them  and  what  are  their  deficiencies;  they  know  what  things  are  assets 
and  what  things  are  not.  For  this  reason  the  courses  for  experienced 
and  inexperienced  workers  differ.    Classes  should  be  grouped  acoording 
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to  age  as  well  as  mental  capacity.  The  evening  schools  in  the  British 
Empire  were  a  failure  for  years  largely  through  the  grouping  of  men  and 
young  boys  in  the  same  class.  There  cannot  be  the  ordinary  school 
standards.  The  entrance  qualification  is  fitness  to  profit  by  trade 
instruction. 

The  guiding  thought  to  be  held  throughout  the  course  is  the  neces- 
sity of  making  the  man  do  the  maximum  amount  of  thinking  to  meet 
a  present,  not  a  future,  need;  for  he  will  not  submit  to  a  preparatory' 
drill.  Therefore,  the  necessity  for  the  short  unit  course.  For  instance, 
to  automobile  mechanics  a  course  could  be  given  in  five  lessons  in 
testing  and  experimenting  on  lubrication.  Such  a  short  course  compels 
direct  and  intensive  training;  thus  the  effort  of  the  pupil  is  concentrated 
upon  one  subject  and  not  dissipated  among  several.  The  result  is  more 
regular  attendance,  more  intensive  work,  and  a  corresponding  gain  in 
efficiency.  Of  course,  there  can  be  several  short  unit  courses,  arranged 
in  sequence,  each  giving  its  own  certificate.  The  knowledge  of  a 
definite  accomplishment  is  a  greater  incentive,  and  the  state  examina- 
tions are  another. 

« 

Textbooks  are  difficult,  largely  because, "they  ain't  none;"  the  bulle- 
tins furnished  by  the  Bureau  of  Mines  are  possibly  the  best.  Due  to 
greatly  varied  conditions,  it  would  be  unwise  to  map  out  a  standard 
course.  A  careful  study  of  the  equipment  available,  both  in  schools  and 
in  private  establishments,  often  reveals  unexpected  sources  of  supply  and 
will  determine  the  courses  that  can  be  given  to  advantage. 

Labor  is  the  largest  cost  factor  in  nearly  all  kinds  of  production. 
We  know,  for  instance,  that  to  maintain  a  force  of  1000  men  costs  annu- 
ally from  $100,000  to  $200,000.  Therefore,  it  is  obviously  even  wiser  to 
improve  our  labor  than  it  is  to  improve  our  machinery.  It  is  on  this 
basis  that  vocational  education  can  be  justified  as  a  corporate  activity. 
The  Federal  Board  comes  forth  with  a  very  Uberal  offer  of  aid;  yet  it  does 
not  propose  to  dictate  to  the  operator  what  sort  of  training  shall  be  given 
to  his  miners.  It  specifically  states  that  no  sort  of  training  will  be  forced 
upon  him.  He  himself  will  define  the  training  to  be  given,  by  simply 
stating  which  of  his  needs  he  cannot  provide  for  by  any  system  of  shop 
.  training. 

The  average  employer  in  the  United  States  has  accepted  without 
question  the  general  proposition  that  he  has  nothing  to  contribute  to 
educational  work.  He  has  looked  upon  schooling,  together  with  the 
professional  schoolman,  as  something  set  apart  from  real  life.  Now, 
ho'wever,  is  his  opportunity  to  make  a  contribution  of  very  real  value  to 
education.  The  methods  of  vocational  education  are  being  developed; 
tlie  mine  owner  is  asked  not  to  sit  back  and  wait  for  the  vocational 
scliool  product  to  come  and  then  find  out  that  it  is  not  what  is  needed, 
producer  (the  school)  and  the  consumer  (the- employer)  must  get 
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together  now,  in  the  formative  period,  and  agree  on  the  kind  of  training 
needed  and  how  it  can  best  be  given;  then  encourage  the  boys  to  take  the 
school  training  by  giving  them  a  chance  to  make  good.  It  is  discouraging 
for  a  boy  who  has  given  several  years  to  a  course  of  training  in  a  trade 
school  to  start  on  the  same  level  as  a  boy  from  the  street,  who  has  had  no 
training  whatever.  Do  not  sidestep  by  saying,  "If  he  is  any  good  he 
will  come  up  to  the  top."  He  may,  if  he  has  a  chance  and  is  not  lost  in 
your  organization.  If  the  school  is  any  good,  encourage  those  who  take 
the  training  by  recognizing  its  value  when  they  come  to  you  for  employ- 
ment. If  it  is  not  what  it  ought  to  be,  take  an  active  interest  in  it  and 
help  make  it  what  it  should  be.  It  will  pay  in  satisfaction  and  in  dollars 
and  cents,  for  it  will  give  the  student  a  distinct  advantage  in  the  market. 
Success  is  conditioned  upon  the  development  of  a  degree  of  efficiency  equal 
to,  if  not  surpassing,  the  degree  attained  by  competitors.  Do  the  mine 
owners  of  America  want  to  utilize  this  fund  for  improving  the  efficiency 
of  their  own  employees,  or  shall  the  Federal  appropriation  be  turned  back 
into  the  Treasury  as  not  wanted? 

It  has  been  said  that  there  is  hardly  a  kind  of  agony  on  the  modern 
battlefield  that  has  not  its  counterpart  somewhere  in  our  economic 
struggle.  Can  we  not  face  this  struggle  in  the  same  high  spirit  with 
which  we  faced  the  struggle  of  arms?  While  it  is  true  that  the  war  re* 
leased  the  lowest  and  grossest  traits  of  humanity,  it  also  tapped  well- 
springs  of  spiritual  strength,  of  idealism,  of  self-sacrifice,  of  service  and 
devotion  at  which  cynics  and  pessimists  and  criminal  minds  of  the  world 
have  stood  aghast.  Are  we  to  lose  all  this  because  the  war  is  over? 
The  value  of  cooperation  has  been  demonstrated  as  never  before;  the 
twentieth  century  has  made  us  into  a  brotherhood;  and  the  very  industrial 
relations  that  offer  exasperating  chances  for  misunderstanding,  discord 

m 

and  collision,  offer  also  noble  opportunities  for  that  great.est  of  under- 
takings, the  upbuilding  of  humanity. 

E.  A.  HoLBROOK,*  Washington,  D.  C  (written  discussionf). — My 
purpose  in  discussing  this  paper  is  to  emphasize  to  the  members  of  this 
Institute  the  fundamental  and  far-reaching  changes  in  the  present  ideas 
of  training  miners,  which  this  nation-wide  plan  of  vocational  education 
soon  will  put  into  effect.  Any  mining  company,  knowingly  or  unknow- 
ingly, is  under  considerable  and  constant  expense  in  breaking  in  new 
men.  Today  every  man  going  underground  for  the  first  time  must  learn 
from  haphazard  contact  and  chance,  little  by  little,  the  duties  of  his 
vocation  and  how  best  to  guard  himself  against  the  peculiar  dangers  and 
conditions  underground.  The  army  has  shown  what  it  is  possible  to  do 
in  the  way  of  concentrated  training  of  a  group  of  men  in  any  chosen 
vocation.    When  vocational  schools  are  established  in  every  importani 


♦Acting  Chief  Mining  Engineer,  U.  S.  Bureau  of  Mines.     fReceived  Feb.  17,  1919, 
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mining  community,  it  will  mean  a  uniformly  high  standard  of  knowledge 
of  his  duties  by  every  man  who  calls  himself  a  miner. 

In  mining  communities  in  the  United  States,  efforts  in  vocational 
educational  lines  have  heretofore  often  been  isolated;  irregular,  and  con- 
fined to  a  few  of  the  largest  mining  commimities,  or  carried  into  effect 
by  a  few  of  the  larger  mining  companies.  Often,  the  man  employed 
as  teacher  has  been  chosen  for  his  qualifications  as  a  school  man,  and 
with  minimum  regard  for  his  ability  and  practice  in  the  vocation  he 
teaches.  In  some  cases  there  has  been  an  effort  to  make  a  partly  trained 
engineer  of  the  student,  rather  than  a  first-class  craftsman  at  his  trade. 
In  other  cases,  universities  and  states  have,  or  are  working  on,  first-class 
standards  of  vocational  education.  Considering  the  great  extent  of  the 
mining  industry,  and  the  inadequate  sums  of  money  hitherto  allotted  for 
the  purpose  of  vocational  education,  the  efforts  have  not  reached  the 
great  body  of  miners  in  every  state,  which  is  now  possible  under  Federal 
supervision  and  aid. 

Consider  the   problem  from   a  purely  economic   viewpoint.     Our 
mines  are  every  day  getting  deeper  and  larger,  and  machinery  is  con- 
stantly replacing  hand  labor.    These  improvements  in  mechanical  and 
electrical  appliances  have  increased  the  complexity  of  the  trades  belonging 
to  the  mining  industry  and  necessitated  a  greater  knowledge  in  the 
workers.    On  the  other  hand,  this  introduction  of  machinery  means 
that  we  are  no  longer  wholly  dependent  for  manual  labor  on  the  skilled 
American  miner  and  the  immigrant  from  Britain  and  the  north  of  Europe, 
who  in  many  cases  come  from  families  who  have  been  miners  for  genera* 
tions.     Of  the  Scotch,  English,  and  Irish  miners  in  this  country^  92  per 
cent,  were  miners  in  the  old  country.    The  use  of  machinery  has  enabled 
men  to  gain  employment  in  mines  as  loaders  for  mining  machines  and  in 
other  underground  occupations,  whose  only  qualification  is  that  of  a 
laborer.    Thus,  the  last  20  years  has  seen  a  tremendous  influx  of  south 
Europeans  into  our  mining  industry.     These  men  have  had  no  experience 
in   mining,  generally  having  been  agricultural  laborers;  for  example, 
only  3.6  per  cent,  of  the  Lithuanian  and  7.3  per  cent,  of  the  Russian 
miners  in  this  country  had  previous  mining  experience.^     The  employ- 
ment of  these  men  underground  must  ever  be  a  menace. 

Mining  is  a  hazardous  occupation.  Mr.  Wright  states  that  the 
dangers  in  coal  mining  are  greater  than  in  metal  mining.  Although  this 
is  the  generally  accepted  idea,  a  study  of  the  accident  statistics  of  the 
Bureau  of  Mines  reveals  that  for  the  last  7  years,  1911  to  1917  inclusive, 
of  about  700,000  men  engaged  in  coal  mining  3.38  per  thousand  employed 
were  killed  each  year;  in  the  metal  mines  during  the  same  period,  of  about 

.^StatiBtics  from  the  Study  of  the  Immigration  Commiasion  in  1010;  an  exhaustive 
report,  which  includes  the  immigrant  in  the  mining  industry. 
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175,000  men  engaged,  3.79  per  thousand  per  year  were  killed.  Statistics 
compiled  from  the  report  of  the  mine  inspector  of  Pennsylvania  for  the 
years  1915  and  1916  combined  show  that  the  miner  of  so-called  south- 
European  races  was,  in  proportion  to  the  number  engaged,  nearly  twice 
as  liable  to  meet  with  fatal  accident  as  the  native  and  foreign  miner  of  the 
English-speaking  races.  If  education  in  his  vocation  were  to  put  this 
man  on  a  level  of  skill  equal  to  his  more  fortunate  brother,  there  would 
be  a  great  saving  to  the  mining  companies  of  many  millions  of  dollars 
spent  in  compensation  insurance,  in  the  cost  of  hiring  and  firing  men, 
and  in  increased  efficiency  of  the  workmen.  In  addition  to  this  financial 
saving,  there  would  be  a  tremendous  gain  to  the  country  on  account  of  the 
good-will,  contentment  and  loyalty  gained  by  Americanization  of  the 
foreign  miner. 

The  work  of  the  various  mining  companies  in  having  elaborate  safety 
organizations  and  in  conducting  safety  propaganda,  which  appeal  to 
the  eye  and  ear  of  the  miner,  and  the  work  of  the  Bureau  of  Mines  in 
promoting  safety  measures,  must  be  considered  partial  expedients  looking 
to  the  time  when  fundamental  education  in  the  trades  shall  make  the 
man  of  the  new  generation  more  skillful  than  the  present,  both  in  his 
work  and  in  handling  himself  underground.  It  must  be,  then,  to  the 
interest  of  every  mining  company  to  actively  help  this  vocational  work 
through  the  introductory  stages. 


Mental  Tests  in  Industry 

Discusaion  of  the  paper  presented  by  Major  Robert  M.  Yerkbb  at  the  Nev  York 
meeting,  February,  1919,  and  printed  in  BuUetin  No.  146,  February,  1919, 
p.  405. 

B.  F.  TiLLSoN,*  Franklin  Furnace,  N.  J. — I  would  hke  to  ask  Major 
Yerkes  if  he  will  not  give  us  more  examples  of  the  tests  than  are  contained 
in  the  printed  pamphlet.  It  would  be  of  great  interest  to  study  them 
more  carefully. 

RoBEBT  M.  Yerkes,  Washington,  D.  C. — The  reason  for  not  re- 
producing the  methods  in  any  pubUc  print  is  that  it  lessens  their  value 
and  necessitates  the  preparation  of  new  test  materials. 

Bbadlet  Stoughton,  New  York,  N.  Y. — ^I  hope  that  this  matter 
will  be  of  so  much  interest  to  the  members  of  the  Institute  that  the 
Directors  will  decide  to  appoint  a  committee  which  can  bring  further 
results  of  this  practice  before  us.  I  understand  that  Columbia  University, 
at  least  in  some  departments,  has  already  adopted  the  B  and  A  tests 
and  is  using  them.  I  imderstand  that  some  industries  have  considered 
seriously  the  question  of  grading  their  employees  in  accordance  with 

^Mining  Engineer,  New  Jersey  Zinc  Co. 
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some  mental  tests.  If  that  is  to  prove  of  value,  the  quicker  the  mining 
engineers  and  metallurgists  are  familiar  with  the  proper  people  to  carry 
on  the  work  or  the  proper  methods  to  be  employed,  the  better.  We 
generally  work  through  committees,  as  you  know,  and  I  hope  one  may  be 
established. 

One  thing  that  interested  me  was  the  high  rating  of  the  engineers 
and  I  questioned  whether  these  mental  tests  were  not  rather  more  easy 
for  engineers  than  for  men  of  other  vocations,  although  of  equal  intel- 
ligence. Engineers  naturally  are  trained  to  mental  impulse  and  that 
I  believe  is  one  of  the  characteristics  of  the  different  tests.  I  noted  in 
particular  that  the  telegraphers  had  a  large  number  of  high-grade  men 
and  a  very  small  number  of  low-grade  mental  individuals.  It  occurred 
to  me  that  also  might  have  something  to  do  with  the  occupation  of  the 
telegraphers.  Any  of  you  who  have  played  with  telegraphy  know  how 
instantly  the  application  of  an  idea  must  follow  the  slightest  variation, 
the  ticking  must  be  recorded  inmiediately  in  the  movements  of  the  pencil 
to  get  down  the  message. 

R.  M.  Yebkes. — ^It  was  suggested  to  us  early  in  this  work  that  there 
was  some  special  reason  for  the  high  rank  of  the  engineers.  We  analyzed 
our  results  to  find  out  whether  the  tests  were  easier  for  men  with  mathe- 
matical  training.  The  evidence  pretty  thoroughly  indicated  that  the 
engineers  deserve  the  position  which  our  tests  give  them. 

It  is  interesting  to  know  that  in  the  army  schools  for  chaplains,  ex- 
tremely high  ratings  appeared.  We  compared  the  chaplains'  records 
with  those  of  engineers  and  medical  men  and  found  that  the  groups  had 
obtained  their  ratings  in  different  ways.  The  chaplains  were  skilled  in 
the  use  of  languages  and  they  scored  heavily  on  the  tests  that  depended 
largely  on  language,  whereas  the  engineers  were  stronger  on  the  reasoning 
tests. 

B.  F.  TiLLSON. — May  I  ask  whether  these  tests  showed  whether 
a  man  were  moral  or  honest  and  whether  he  was  likely  to  go  to  sleep  on 
the  job? 

R.  M.  Yebkes. — The  tests  measure  intelligence  or  mental  alertness; 
nothing  else. 
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Die  Castings  and  Their  Application  to  the  War  Program 

Discussion  of  the  paper  of  Charles  Pack,  presented  at  the  New  York  meeting, 
February,  1919,  and  printed  in  BtUietin  No.  146,  February,  1919,  p.  239. 

Jesse  L.  Jones,*  Pittsburgh,  Pa.  (written  discussionf). — ^As  the  die- 
casting  process  is  so  very  different  in  character  from  the  process  of  making 
sand  molds,  it  is  often  considered  that  entirely  dififerent  methods  of 
pouring,  gating,  venting,  etc.  should  be  used.  There  is  really,  however, 
no  essential  difference  in  the  making  of  die  castings  and  sand  castings, 
and  similar  methods  should  be  used  in  each  process. 

In  the  matter  of  gating,  the  metal  should  be  introduced  at  a  central 
point,  as  nearly  as  possible,  so  that  it  will  have  an  equal  distance  to  flow 
from  the  point  of  entrance  to  the  most  distant  points  of  the  mold.  This 
will  cause  a  uniform  rate  of  congealing  of  the  casting  and  prevent  streaks 
and  cold  shuts. 

The  venting  should  be  done  in  such  a  way  that  a  free  exit  of  the  air 
in  the  molds  can  occur.  It  should  be  less  difficult  to  take  care  of  the 
venting  of  a  die-casting  mold  than  to  vent  an  ordinary  sand  mold.  In 
the  case  of  a  sand  mold,  the  venting  is  left,  to  a  considerable  extent,  to  the 
judgment  of  the  molder,  and  it  is  possible  that  no  two  molds  will  be 
vented  in  a  similar  manner.  Further  than  this,  after  a  vent  has  been  made 
in  a  sand  mold,  it  may  become  clogged  by  the  sand  and  for  this  reason  be 
inefficient.  There  is  also  quite  a  variation  in  the  pressure  of  the  metal 
entering  a  sand  mold,  due  to  varying  heights  of  the  pouring  gat«.  In  a 
die-casting  mold  these  factors  can  be  controlled  more  closely.  The  vents 
should  be  so  disposed  that  the  air  in  the  mold  compressed  by  the  entrance 
of  the  metal  may  be  able  to  leave  the  mold  at  a  uniform  rate  and  by  exits 
located  symmetrically.  These  ^xits  are  made  quite  small  on  molds  at 
first,  as  they  can  be  easily  enlarged  if  necessary,  and  th^y  are  tapered 
so  that  a  free  flow  is  guaranteed  without  danger  of  the  metal  spurting 
out  from  the  die.  Uniformity  of  pressure  of  the  metal  as  it  enters  the 
mold  is  very  important  and,  as  the  pressure  is  mechanically  apphed,  its 
control  is  not  difficult. 

It  is  true  that  a  sand  mold  has  much  less  of  a  chilling  effect  on  the 
metal  poured  into  it  than  has  the  die-casting  mold,  but,  outside  of  this 
point,  there  is  a  great  similarity  between  the  die-casting  process  and 
the  process  of  making  castings  in  sand  molds.  It  is  suggested  that 
much  would  be  gained  by  regarding  these  two  processes  as  not  essentiaUj 
different. 

*  Metallurgist,  Westinghouse  Mectric  &  Manufacturing  Co. 
t  Received  Feb.  13,  1919. 
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Automatic  Copper  Plating 

Discussion  of  the  paper  of  J.  W.  Richakds,  presented  at  the  New  York  meetingi 
February,  1919,  and  presented  in  BvUetin  No.  145,  January,  1919,  p.  27. 

A.  Silverman,*  Pittsburgh,  Pa. — Prof.  Richards  has  described  a 
very  interesting  process.  In  addition  to  the  method  described,  electro- 
plating and  a  number  of  other  processes  have  been  used.  In  one^  the 
two  metals  wer/e  heated  and  united  under  hydraulic  pressure;  in  a  second, 
the  steel  was  coated  with  an  alloy,  brass  for  example,  and  the  molten 
copper  cast  around  this.  The  process  that  I  would  like  to  bring  to  the 
attention  of  the  metallurgists  present  consists  simply  of  pouring  molten 
copper,  brass,  or  cupronickel  aroxmd  a  clean  red-hot  steel  billet.  It  is 
covered  by  the  Roth  patents.  The  8-in.  cylindrical  billet  containing 
about  70  per  cent,  steel  (core)  and  30  per  cent,  copper  is  hot  drawn  or 
rolled  until  several  inches  in  diameter  and  afterward  cold  drawn  or 
rolled  to  rod,  wire  of  any  desired  diameter,  or  sheet.  The  wire  is  used  for 
electrical  conduits  where  conductivity  and  high  tensile  strength  are 
required,  also  for  the  manufacture  of  cables  and  screen  cloth.  The  sheet 
is  employed  for  the  manufacture  of  spouting,  molding,  shells,  etc. 

The  last  application  is  particularly  interesting.    In  testing  rifle 

cartridges,  which  usually  contain  lead-filled  copper  noses,  pine  boards 

1  in.  thick,  covered  with  H"i^-  rawhide,  are  placed  1  ft.  apart.     The 

value  of  the  cartridge  depends  on  the  number  of  boards  penetrated  by 

the  bullet.    In  government  tests  made  with  copper-coated  steel  noses 

(15  per  cent,  copper  on  either  side  of  the  steel)  the  penetrating  power 

was  found  to  be  approximately  double  that  of  pure  copper  noses.    The 

advantage  of  copper-coated  steel  over  cupronickel  hes  in  the  fact  that 

the  former  does  not  require  any  special  heat  treatment  during  the 

punching.     Rifle  cartridges  were  prepared  from  copper-coated  steel  in 

a  number  of  government  arsenals.     The  value  of  the  combination  was 

attested  by  the  awarding  of  a  contract  for  the  construction  of  a 

$3,300,000  plant.     Unfortunately,  the  contract  was  signed  on  the  day 

preceding  the  signing  of  the  armistice  and  was  cancelled  several  days 

later.     Tests  were  conducted  for  about  1  yr.  before  the  contract  was 

awarded  to  determine  the  value  of  this  combination  of  metals.    Since 

the  war  a  number  of  cartridge  and  shell  manufacturers  have  signified 

their  intention  of  using  copper-coated  steel. 

Many  other  interesting  appUcations  of  copper,  brass,  and  cupronickel- 
coated  steel  are  possible.  Copper-coated  steel  springs  have  already  been 
manufactured.     Ground  pins  and  connecting  wires  for  rails  are  in  use. 
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^ire  0.005  in.  in  diameter  looks  like  pure  copper  or  brass  depending  on 
the  coat,  and  thin  sheet  also  resembles  the  pure  metal.  In  fact,  were  it 
not  for  the  springiness  of  the  steel  filling,  one  could  not  tell  the  coated 
material  from  the  pure  copper  or  brass.  Copper-  and  brass-coated  steel, 
as  their  value  becomes  apparent,  will  take  an  important  place  in  the 
metal  industry  of  the  near  future. 


First  Year  of  Leaching  by  the  New  Cornelia  Copper  Co. 

DiseuBsion  of  the  paper  of  H.  A.  Tobblmann  and  J.  A.  Pottbr,  presented  at  the  New 
York  meeting,  February,  1919,  and  printed  in  BvUetin  No.  146,  Febniazy. 
1919,  p.  440. 

C.  A.  Rose,  New  York,  N.  Y.  (written  discussion*). — Without 
doubt  the  excellent  results  obtained  at  Ajo  will  cause  surprise  among 
metallurgists;  75  per  cent,  average  capacity  and  80  per  cent,  extraction 
during  the  first  year  of  operation  of  a  plant  using  a  new  metallui^cal 
process  are  figures  that  speak  for  themselves. 

It  is  obvious  that  the  most  troublesome  feature  of  the  process  is  the 
fouling  of  solutions.  The  effects  of  this  are  most  evident  in  the  electro- 
l3rtic  tank  house;  but  apparently  the  solutions  are  so  heavily  loaded  with 
salts  that  their  dissolving  power  is  also  impaired.  This  lb  indicated  by 
the  fact  that  copper  comes  into  solution  during  washing  after  the  le-aching 
of  the  ore  is  completed,  as  shown  by  the  decreasing  ratio  of  acid  to  copper 
in  the  various  washes  tabulated  in  Table  4,  and  also  by  the  fact  that  4.9 
per  cent,  of  the  total  copper  in  the  ore  remains  in  the  tailings  in  a  soluble 
form. 

Even  though  the  extraction  in  leistching  and  the  ampere  efficiency  in 
electrolysis  would  be  benefited  by  keeping  the  salts  in  solution  at  a  lower 
concentration,  it  is  doubtful  whether  it  would  pay  to  decrease  these  salts 
by  discarding  more  electrolyte  without  other  changes  in  the  process, 
since  this  would  increase  the  amount  of  cement  copper  produced,  which 
is  already  very  large.  If,  however,  it  would  not  disturb  the  process 
otherwise,  this  object  could  be  accomplished  by  increasing  the  ran^e 
of  electrolysis,  so  that  solution  going  to  the  tank  house  would  contain, 
say,  4  per  cent,  copper  and  1  per  cent,  acid,  and  the  solution  returned  to 
the  leaching  plant  Ij^  per  cent,  copper  and  4.8  per  cent,  acid,  and  by 
increasing  the  volume  of  solution  to  be  discarded,  this  to  be  taken  from 
the  electrolyzed  solution  returned  to  the  leaching  plant.  By  this  arrange- 
ment, more  salts  will  be  removed  from  the  system  per  ton  of  cement  cop- 
per produced;  and  if  sufficient  solution  is  discarded  to  keep  the  iron  content 
down  to  13^  per  cent,  it  would  be  feasible  to  recover  the  copper  from 
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this  wasted  solution  by  electrolysis.  In  order  to  keep  the  iron  down  to 
l}4  P^i*  cent.i  it  would  be  necessary  to  discard  a  volume  of  solution  about 
twice  as  great  as  at  present.  This  would  mean  an  additional  loss  of 
25  to  30  tons  of  acid  per  day  in  the  wasted  solution,  but  it  is  very  prob- 
able that  the  increased  extraction  in  the  leaching  plant  and  the  better 
ampere  efficiency  in  the  tank  house  would  more  than  compensate  for 
this  loss  of  acid. 

The  average  ampere  efficiency  in  the  tank  house,  calculated  from  the 
average  voltage  and  pounds  of  copper  deposited  per  kw.  hr.  given  in  the 
tabulation,  was  about  63  per  cent.  If  the  iron  in  the  electrol3rte  is  kept 
below  13^  per  cent.,  there  is  no  doubt  that  the  ampere  efficiency  in  the 
commercial  tanks  can  be  increased  to  more  than  80  per  cent,  and  that 
the  copper  recovered  from  wasted  solution  will  be  deposited  out  to  as 
low  as  }4  &^'  P^i*  hter,  with  an  average  current  efficiency  of  at  least 
50  per  cent.  It  would  also  seem  advisable  to  use  a  higher  current  den- 
sity, since  this  would  increase  the  ratio  between  the  copper  deposited  to 
the  copper  dissolved  from  the  cathodes  by  the  ferric  sulfate  in  the  elec- 
trolyte. 

Apparently  65  per  cent,  of  the  oxygen  Uberated  at  the  anode  is  taken 
up  by  the  ferrous  sulfate  in  the  electrolyte  and  yet  the  drop  of  potential 
between  the  anode  and  cathode  is  2  volts.  It  would  seem,  therefore,  that 
very  little  benefit  as  a  depolarizer  is  derived  from  the  reduction  of  the 
solution  by  SOj. 

The  advantage  of  the  great  amoimt  of  circulation  in  the  leaching 
tanks  is  not  apparent  imless  it  be  aeration  of  solutions.  Also,  it  is 
doubtful  whether  the  ferric  iron  in  the  solutions  has  any  beneficial  effect 
in  the  leaching  operations,  since  the  solution  delivered  by  the  leaching 
plant  contains  more  ferric  iron  than  that  received  from  the  tank  house. . 
Perhaps  the  continued  dissolving  of  copper  during  washing  operations 
is  due  to  the  aeration  which  results  when  the  ore  is  drained  between  wash- 
ings. If  this  is  the  case,  it  might  pay  to  drain  the  ore  several  times' 
during  the  leaching  period.  A  saving  of  about  8  per  cent,  of  the  power 
generated  could  probably  be  made  by  substituting  rotary  converters 
for  motor-generator  sets. 

Stuart  Croasdale,*  Denver,  Colo,  (written  discussion t). — It  is 
very  gratifying,  on  reading  the  paper  of  Messrs.  Tobelmann  and  Potter 
giving  the  results  of  the  first  years'  operation  of  the  New  Comeha  Copper 
Co.,  to  learn  how  closely  these  results  check  with  those  obtained  at  the 
pioneer  experimental  plant  for  this  ore  at  Douglas,  Ariz.,  where  these 
gentlemen  so  ably  and  so  faithfully  assisted  me  in  blazing  the  way  for 
the  plant  now  in  operation  at  Ajo.  A  few  comparisons  are  interesting: 
192.4  tons  of  ore  was  treated  at  the  Douglas  plant,  having  an  average 
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content  of  1.43  per  cent,  copper;  the  copper  left  in  the  tailings  was  0.32 
per  cent.  At  A  jo  1,345,000  tons  of  ore  was  treated  during  the  first  year, 
having  an  average  content  of  1.63  per  cent,  copper;  the  copper  left  in 
the  tailings  was  0.338  per  cent. 

Perhaps  the  most  important  part  of  the  paper  is  that  dealing  with 
the  consumption  of  acid  and  the  fouling  of  the  solutions.  In  my  pre- 
liminary laboratory  experiments  at  Douglas,  I  varied  the  strength  of  the 
acid  Uxiviant  from  the  amount  theoretically  necessary  to  dissolve  the 
copper  in  the  ore,  up  to  a  10  per  cent,  solution.  The  theoretical  amount 
necessary  to  dissolve  the  copper  in  this  case  happened  to  be  a  3  per  cent, 
solution  of  100  per  cent.  H2SO4.  This  acid  solution,  or  lixiviant,  corre- 
sponds to  the  acid  advance  mentioned  by  Tobelmann  and  Potter.  Before 
precipitating  the  copper,  the  excess  of  acid  was  neutralized  by  circulating 
the  lixivium  through  new  ore,  as  is  done  at  Ajo. 

In  some  of  the  tests  made  in  the  experimental  plant  at  Douglas,  the 
acid  in  the  lixiviant  was  reduced  as  low  as  1.7  per  cent,  but,  in  order  to 
acquire  information  as  quickly  as  possible,  most  of  the  t«sts  were  made 
with  a  10  per  cent,  acid  solution  and  the  leaching  extended  over  a  period 
of  three  days,  exclusive  of  washing.     My  tests  with  a  10  per  cent,  acid 
solution  gave  an  average  consumption  of  3.15  lb.  of  100  per  cent.  HsS04 
per  pound  of  copper  dissolved.     My  laboratory  tests  with  a  5  per  cent, 
acid  solution  gave  an  average  consumption  of  2.5  lb.  of  acid  per  pound 
of  copper  dissolved;  while  in  the  experimental  plant,  the  same  strength 
of  solution  gave  a  result  of  only  2.0  lb.  of  acid  consumed  after  a  period  of 
five  to  six  days  leaching,  exclusive  of  washing.    In  tests  made  at  the  40- 
ton  experimental  plant  at  Ajo,  the  consumption  of  acid  was  2.8  lb.  per 
lb.  of  copper  dissolved  when  a  3  per  cent,  lixiviant  was  used,  and  the 
leaching  extended  over  a  period  of  eight  days. 

The  first  year's  operation  of  the  large  plant  ^hows  an  average  con- 
sumption of  2.76  lb.  of  acid  per  pound  of  copper  dissolved  when  using  a 
3  per  cent,  acid  lixiviant  and  extending  the  leaching  period  to  eight  days. 
During  the  last  four  months  of  the  year,  however,  the  acid  consumption 
was  reduced  to  2.14  lb.  and  the  leaching  period  to  six  or  seven  dajrs. 
Apparently  the  3  per  cent,  acid  advance  has  yielded  no  less  acid  con- 
sumption than  the  5  per  cent,  solution  that  I  used,  while  the  time  of 
leaching  has  been  necessarily  extended  as  a  consequence  of  the  weaker 
lixiviant. 

On  comparing  the  analyses  of  the  lixiviums  that  I  obtained,  using  both 
strong  and  weak  acid  solutions,  with  those  obtained  during  the  first 
year's  operation  at  Ajo,  the  question  arises  whether  the  anticipated 
advantage  has  been  gained  in  the  direction  of  cleaner  lixiviums  by  usang 
the  lowest  stren^h  acid  lixiviant. 

Probably  all  of  the  soluble  iron  in  this  ore  is  derived  from  tbe  oxidised 
pyrite  and  chalcopyrite.    Owing  to  the  climatic  conditions  of  the  Aio 
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district,  the  oxidation  of  these  minerals  has  left  both  the  physical  and 
chemical  conditions  of  the  iron  in  such  form  as  to  be  quite  readily  dis- 
solved in  an  acid  solution  of  any  strength.  The  iron  seems  to  follow 
the  copper  rather  slowly  in  relative  solubiUty,  but  it  passes  into  solution 
with  increasing  rapidity  as  the  time  of  leaching  is  lengthened,  even  with 
a  weak  acid  solution. 

The  soluble  alumina  is  probably  derived  from  the  decomposed  feld- 
spars that  have  been  kaolinized  by  ordinary  weathering  of  the  rock 
assisted  by  the  acid  from  the  oxidation  of  the  pyrite.  The  alumina  fol- 
lows the  iron  closely  in  relative  solubility.  It  also  passes  into  solution 
with  increasing  rapidity  as  the  time  of  leaching  is  lengthened,  to  a  greater 
degree  than  the  iron. 

Of  course  no  leaching  is  accomplished  if  the  Uxiviant  is  not  sufficiently 
acid  to  overcome  the  basicity  of  the  ore  and  a  positive  disadvantage  re- 
sults. Copper  is  necessarily  precipitated  in  the  ore,  which  has  to  be 
redissolved  by  the  more  acid  lixiviants  that  follow.  Basic  sulfates  of 
iron  and  aluminum  are  almost  sure  to  form,  which  will  have  a  tendency 
to  separate  out  as  a  slimy  flocculent  precipitate  in  the  neutral  or  weakly 
acid'  lixiviums. 

It  would  be  interesting  to  learn  if  the  so-called  slimes  that  have  given 
trouble  in  the  SO2  towers,  electrolytic  tanks,  and  scrap-iron  launders,  are 
not  largely  basic  sulfates  of  iron  and  aluminum  rather  than  colloidal  slimes 
from  the  ore.  If  this  can  be  determined,  it  might  be  suggestive' in  the 
future  treatment  of  the  ore.  With  upward  percolation,  however,  I 
presume  the  tendency  for  the  colloidal  slim^  to  follow  the  solutions  is 
greater  than  it  would  be  with  downward  percolation. 

I  have  gone  into  this  subject  somewhat  at  length  in  order  to  support 
my  belief  and  original  recommendation  in  favor  of  a  stronger  acid  advance 
and  a  shorter  period  of  leaching.  I  do  not  recommend  using  the  10  per 
cent,  acid  hxiviant  that  I  used  at  Douglas,  because  that  was  imnecessarily 
high  for  the  reasons  already  stated;  but  with  a  knowledge  of  the  results 
now  at  hand,  I  do  believe  a  5  per  cent,  solution  can  be  used  advan- 
tageously over  the  3  per  cent,  solution  now  in  use  without  increasing  the 
consumption  of  acid  per  pound  of  copper  dissolved. 

The  next  interesting  feature  of  the  year's  work  is  the  resumed  eflfort 
to  utilize  the  iron  in  the  calcines,  in  the  form  of  sponge  iron,  as  a  pre- 
cipitant for  copper.    As  the  authors  have  stated,  my  investigations  along 
this  line  at  Douglas  were  brought  to  a  close  about  the  time  we  had 
learned  nearly  everything  we  should  not  do  and  before  we  had  been 
able  to  devise  a  furnace  of  commercial  value  that  would  effect  a  com- 
plete reduction  of  the  calcines  at  a  comparatively  low  temperature. 
This  work  was  taken  up  later  by  the  Anaconda  Copper  Co.  and  sponge 
iron  was  made  in  quantity  at  Anaconda  by  heating  calcines  and  coal  in 
a  Bruckner  furnace  by  means  of  an  oil  burner.    In  discussing  this  sub- 
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ject  with  Mr.  Laist  a  few  years  ago,  he  said  they  found  that  the  reduction 
of  the  iron  oxide  to  FeO  was  accomplished  quickly  at  low  temperature; 
but  to  complete  the  reduction  to  metallic  iron  required  an  unexpectedly 
high  temperature,  which  added  considerably  to  the  expense,  and  since 
they  always  had  sufficient  scrap  iron  on  hand  to  meet  their  predpitatioQ 
requirements  they  abandoned  the  reduction  of  calcines. 

My  own  investigation,  when  using  this  method  of  reduction,  had 
already  confirmed  the  Anaconda  results  and  had  led  me  to  seek  lines  of 
less  resistance  that  would  yield  metallic  iron  at  lower  temperatures,  whidi 
I  had  good  reasons  to  believe  could  be  obtained.  That  iron  oxide,  par- 
ticularly as  it  occurs  in  calcines,  can  be  completely  reduced  to  metallic 
iron  at  temperatures  imder  1600**  F.,  or  900**  C,  has  been  demonstrated 
by  m3r8elf  as  well  as  other  investigators.  In  common  parlance,  this  i& 
a  cherry-red  heat.  There  is  no  difficulty  about  the  chemical  part  of  the 
process.  The  problem  lies  in  constructing  a  commercial  furnace  that  will 
enable  one  to  bring  about  the  chemical  reactions  when  operating  con- 
tinuously on  a  large  scale.  The  conditions  of  the  problem  are  not 
insolvable. 

F.  S.  ScHiMERKA,*  Clifton,  Ariz,  (written  discussionf). — ^Messrs. 
Tobelmann  and  Potter  have  made  a  very  notable  contribution  to  the 
hydrometallurgy  of  copper  by  revealing  with  painstaking  thoroughness 
the  inner  workings  of  the  Ajo  plant,  the  development  of  which  has  been 
followed  with  great  interest  by  all  whose  attention  is  directed  toward 
the  wet  treatment  of  oxidized  copper  ores.  We  have  been  treat<ed  to  a 
metallurgical  feast  and,  as  regards  the  abundance  of  data  furnished,  with 
a  generosity  deserving  of  high  appreciation. 

It  cannot  be  denied  that  the  animosity  against  the  treatment  of  copper 
ores  by  wet  met)iods  has  only  lately  been  overcome.  MetaUurgists  have 
been  less  outspoken  in  this  animosity  than  was  capital,  which  hesitated 
to  engage  in  a  largenscale  project  along  new  and  substantially  untried 
lines.  The  practicability  of  the  process  required  demonstration  by  lead- 
ers and  it  has  been  furnished  by  the  success  that  has  attended  large 
enterprise.  The  frank  statement  of  the  authors  that  neither  metallur- 
gically  nor  mechanically  is  there  anything  radically  new  in  the  process 
detracts  nothing  from  their  achievement,  which  consists  in  the  surmount- 
ing of  very  considerable  difficulties  in  the  way  of  practical  application  of 
known  principles. 

The  two  distinct  phases  of  the  process  are  the  lixiviation  of  the  copper 
and  the  deposition  of  the  metal.  Of  these  the  last  is,  in  the  larger  number 
of  cases,  the  crux  of  the  process.  The  reclamation  of  the  metal  from  its 
liquors  has  tried  the  skill  of  the  metallurgist  to  no  triffing  degree.  Setting 
aside  the  method  of  precipitation  by  scrap  iron,  the  brutality  of  which, 
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borrowing  the  expression  from  a  leader,  has  not  interfered  with  its  pop- 
ularity and  application  as  a  last  resort,  the  task  of  the  final  separation  of 
the  metal  with  completeness  and  commercial  purity  is  an  operation  re- 
quiring skill  and  circumspection.  How  far  this  task  has  been  solved  at 
the  New  Cornelia  is  shown  with  conmiendatory  minuteness  in  the  paper 
under  discussion.  It  is  difficult  to  hold  the  composition  of  a  commercial 
electrolyte  within  the  limitations  imposed  by  the  requirements  for  high 
efficiency  in  the  metal  deposition  and  great  care  must  be  taken  in  its 
preparation. 

It  is  gratifying  to  hear  of  the  efficiency  of  sulfur  dioxide  as  a  reducer 
of  ferric  iron  and  of  the  negligible  corrosion  of  hard-lead  anodes,  because 
predictions  as  to  the  impracticability  of  both  have  been  frequently  made. 
The  regeneration  of  acid  in  the  reduction  process  forms  a  valuable  asset 
and,  as  regards  the  question  of  a  serviceable  insoluble  anode  for  the 
electrolysis  of  sulfate  liquors,  we  recognize  that  the  subject  has  caused 
more  agitation  than  was  warranted. 

It  must  be  regretted  that  electrolysis  will  not  practically  lend  itself 
to  a  more  complete  exhaustion  of  the  copper  in  the  discard  liquors.  We 
hear  that  it  is  doubtful  economy  to  continue  electro-deposition  in  solutions 
containing  as  much  as  1.71  per  cent,  copper,  by  which  time  the  ampere 
efficiency  has  dropped  below  50  per  cent.;  and  that  precipitation  by 
scrap  iron  is  resorted  to  before  this  point  is  reached  with  the  result  that  a 
good  part  of  the  output  appears  as  cement  copper. 

The  problem  of  profitable  copper  deposition,  by  electrolysis,  of  low- 
grade  solutions  is  one  of  absorbing  interest  in  the  Southwest,  where 
leaching  plants  will  soon  become  a  necessary  addition  to  concentrators 
working  up  mixed  ores.  The  radical  difference  between  such  a  supple- 
mentary plant  and  the  conditions  existing  at  Ajo  is  the  great  dilution 
of  the  liquors,  which  cannot  be  separated  from  the  leached  pulp  by 
draining  and  stage  washing  but  only  by  dilution  and  decantation  on 
account  of  the  slimy  nature  of  the  product  to  be  leached.  A  high  concen- 
tration of  copper  in  Uquors  from  a  material  in  which  about  60  per  cent. 
of  the  sizes  are  minus  200  mesh  and  frequently  carry  less  than  0.5  per  cent. 
copper  is  indeed  impossible,  if  the  separation  of  the  liquor  must  be  effected 
by  settling  and  decantation;  and  the  practice  of  leaching  such  a  product 
by  coimter-current  has  as  its  object  rather  the  econgmical  use  of  the  acid 
than  a  concentration  of  the  liquior,  except  as  far  as  an  increased  extrac- 
tion raises  the  copper  contents  in  the  solution.  In  connection  with  this 
subject,  it  would  be  of  interest  to  learn  whether  any  progress  has  been 
rnade  in  the  designing  and  appUcation  of  real  practical  diaphragms. 
These  have  been  proposed  as  a  means  for  reducing  the  power  consumption 
in  the  electrolysis  of  low-grade  solutions.  Any  data  bearing  on  this 
subject  would  be  highly  welcome.  As  far  as  I  am  aware,  the  difficulty  is 
encountered  in  the  creation  of  a  durable  diaphragm  for  solutions  whose 
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acidity  increases  with  their  depletion.  If,  without  a  diaphragm,  the  power 
consumption  increases  to  3  kw.  hr.  per  pound  of  metal  deposited  from 
solutions  containing  0.5  per  ce'nt.  of  copper,  there  is  but  little  hope  that 
electrolysis  will  play  a  great  role  in  the  working  up  of  liquors  from  leaching 
plants  that  are  operated  in  continuity  with  the  milling  process.  The 
treatment  for  recovery  of  the  acid-soluble  copper  in  weathered  tailings 
does  not  come  within  the  frame  of  my  present  consideration;  they  can 
be  reclaimed  in  a  comparatively  dry  state  and  treated  with  the  advant-ages 
that  result  from  this  condition.  Neither  do  I  refer  to  any  so  hi^y 
oxidized  material  as  would  today  constitute  primarily  a  bad  milling  ore. 

The  high  price  of  scrap  iron  in  many  localities,  the  expense  of  handling 
it,  the  high  consumption  in  the  precipitation  from  poor  solutions,  the  large 
launder  or  tank  equipment,  and  the  production  of  a  low-grade  cement 
have  each  contributed  in  no  small  measure  to  bringing  this  method  into 
disrepute.  Therefore  the  positive  statement  of  the  authors  predicting 
the  early  possibility  of  producing  sponge  iron  successfully  and  at  a  price 
at  which  it  can  enter  into  favorable  competition  with  scrap,  will  be 
welcomed  by  those  who  are  in  a  position  to  take  advantage  of  it  and  have 
themselves  experienced  the  trials  of  an  antiquated  method. 

J.  W.  Richards,*  South  Bethlehem,  Pa. — It  should  be  very  com- 
forting to  those  who  are  working  with  insoluble  anodes  that  the  anti- 
monial  lead  anodes,  during  a  period  of  a  year,  had  practically  failed  to 
show  any  marked  deterioration,  so  that,  so  far  as  they  are  concerned, 
the  very  important  problem  of  the  unattackable  anode  seems  to  be  solved. 
Another  point  worth  attention  is  the  use  of  the  Uttle  conical,  glazed, 
porcelain  insulators  to  keep  the  anodes  spaced  properly  away  from 
the  cathodes,  a  very  simple  device  that  apparently  does  its  work 
satisfactorily. 


Electric  Furnace  Problems 

Discussion  of  the  paper  of  J.  L.  McK.  Yabdlet,  presented  at  the  New  York  meeting, 
February,  1919,  and  printed  in  BnUetin  No.  142,  October,  1918,  p.  1593. 

Jesse  L.  Jones,  t  Pittsburgh,  Pa.  (written  discussion  J). — From  a  com- 
mercial standpoint,  the  most  important  characteristic  of  the  electric 
furnace  is  the  ease  with  which  it  lends  itself  to  intensive  production.  The 
melting  of  non-ferrous  metals,  as  usually  done  in  crucible,  open-flame, 
reverberatory,  and  similar  furnaces,  has  certain  disadvantages  which 
are  absent  in  the  electric  furnace,  viz.: 

•Professor  of  Metallurgy,  Lehigh  University.  - 
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1.  There  is  contact  of  the  material  being  melted,  for  a  long  period,  with' 
air,  which  results  in  the  formation  of  oxides  and  dross  and,  in  the  case  of 
some  metals,  nitrides.  If  clean  castings  are  desired  from  such  metal, 
skim  gates,  risers,  and  similar  devices  must  be  used.  The  large  amount 
of  extra  metal  required  greatly  increases  costs  while  the  dross,  if  once 
formed,  can  never  be  perfectly  removed,  so  that  absolutely  clean  cast- 
ings cannot  be  obtained.  Moreover,  any  dross  included  in  a  casting, 
being  of  an  abrasive  nature,  adds  to  the  expense  of  the  machining. 

2.  A  prolonged  period  of  melting  will  cause  absorption  of  hydrogen, 
carbon  monoxide,  and  other  gases  from  the  products  of  combustion  of 
the  fuel.  The^release  of  these  gases  during  solidification  results  in  spongy 
castings. 

3.  Contact  fof  molten  metals  for  long  periods  with  the  refractory 
materials  of  crucibles,  furnace  linings,  etc.  results  in  silicon,  silicates,  iron, 
iron  oxides,  alumina,  etc.  being  alloyed,  or  entangled,  with  the  molten 
metal  and  resulting  marked  disadvantages. 

4.  Slow  melting  largely  increases  volatilization  losses  in  the  case  of 
many  metals.  It  requires  more  floor  space  for  molds,  causes  loss  of  time 
by  employees  if  the  molds  are  ready  in  advance  of  the  metal,  and,  where 
crucibles  are  used,  diminishes  the  life  of  the  crucible. 

Possibly  greater  speed  of  melting  has  been  obtained  in  the  oil-fired 
open-flame  furnace,  up  to  the  present,  than  in  any  other  type  of  furnace. 
A  record  has  been  made  of  26  heats  of  500  lb.  each  of  brass  in  a  working 
day,  in  a  furnace  of  this  type.  Individual  heats  of  500  lb.  have  been  made 
in  15  min.  actual  melting  time,  and  heats  of  300  lb.  in  8  min.  This  rapid 
work  has  been  made  possible  by  the  liberal  use  of  fuel  and  the  stored  heat 
in  the  furnace  linings. 

Mr.  Yardley  has  shown  that  a  very  large  input  of  current  may  be  made 
to  the  electric  furnace  and  it  is  the  object  of  this  discussion  to  emphasize 
the  economic  advsmtages  that  may  result  from  the  satisfactory  appli- 
cation of  such  heavy  currents.  Possibly  we  may  never  be  able  to  melt 
metals  in  the  electric  furnace  instantaneously,  in  a  reducing  atmosphere 
and  with  a  minimum  of  volatilization  loss,  but  the  electric  furnace  has 
more  possibilities  of  approximating  these  ideal  melting  conditions  than 
any  melting  device  of  which  we  have  any  present  knowledge. 
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Comparison  of  Grain-size   Measurements  and  Brinell  Hardness  of 

Cartridge  Brass 

Discussion  of  the  paper  of  W.  H.  Bassett  and  C.  H.  Davis,  presented  at  the  New  Tork 
meeting,  February,  1919,  and  printed  in  BviUUn  No.  145,  January,  1019,  p.  57. 

T.  C.  Merbiman,  New  Haven,  Conn,  (written  discussion*). — This 
most  interesting  paper  gives  much  carefully  obtained  and  valuable  data. 
However,  there  are  two  points  in  connection  with  the  commercial  appli- 
cation of  such  data  that  might  possibly  be  a  source  of  trouble  and  mis- 
understanding. In  the  first  place,  the  examination  of  thin  s^tions  of 
annealed  brass,  subjected  to  standard  Brinell  test  (500  kg.  on  a  lO-mm. 
diameter  ball)  at  thicknesses  from  0.075  to  0.150  in.  (1.9  to  3.8  mm.) 
indicates  that  cold  work  has  been  performed  on  the  specimen  during  the 
application  of  the  load  sufficient  to  extend  way  through  the  section  and 
have  the  hardness  of  the  metal  affected  by  the  backing.  If  the  usual 
steel  support  is  used,  this  effect  is  very  evident.  If  a  piece  of  soft  brass 
is  used  as  a  support,  there  is  an  indentation  in  the  surface  of  the  support 
accompanied  by  a  bulge  on  the  under  side  of  the  tested  specimen  opposite 
the  impression  made  by  the  10-mm.  ball.  The  result  is  that  Brinell 
specifications  (governmental  or  otherwise)  on  stock  for  a  certain  purpose 
may  not  be  fair  in  all  cases,  since  manufacturers,  owing  to  differences  in 
equipment,  etc.,  may  not  all  use  precisely  the  thickness  and  conditions 
of  stock  on  which  the  Brinell  specifications  were  based.  This  would 
mean  that  the  government  Brinell  specification  might  not  give  them  the 
temper  of  stock  best  suited  for  their  manufacturing  methods. 

The  concluding  paragraph  of  this  paper,  stating  that  ''the  hardness  of 
cartridge  brass  may  be  determined  with  greater  accuracy  by  the  Brindl 
hardness  measurement  than  by  attempting  to  judge  it  from  the  grain 
size''  appears  to  be  in  Une  with  the  movement  of  the  last  year  or  so 
among  brass  manufacturers  toward  substitution  of  the  Brinell  test  for 
microscopic  examination  as  an  acceptance  test  on  cartridge  brass.  The 
statement  may  be  strictly  true  that  the  Brinell  test  is  the  best  test  for 
hardness,  but  it  is  not,  as  the  statement  might  readily  be  construed,  a 
sufficient  test  of  suitable  condition.  For  instance,  some  cartridge  brass 
might  accidentally  have  been  overheated  to  a*  point  where  it  would  be 
distinctly  unsafe  to  use  for  the  manufacture  of  small  arms  cases  and 
then  be  so  rolled  (reduction  3  to  5  per  cent.)  as  to  pass  perfectly  proper 
Brinell  specifications.  Under  such  conditions  the  microscope  would 
reveal  its  unsuitabiUty  where  the  Brinell  test  had  failed  so  to  do. 
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It  is  not  intended  to  object  to  the  Brinell  test  as  a  general  test  for  the 
temper  of  cartridge  brass,  for  I  am  in  full  agreement  with  the  authors  as 
to  the  usefulness  and  suitability  of  the  Brinell  test  under  many  conditions, 
and  I  am  sanguine  that  the  development  of  the  "Baby  Brinell''  will  elimi- 
nate the  likelihood  of  difficulty  from  the  first  point  I  have  mentioned. 
However,  Brinell  specifications  for  cartridge  brass  are  as  yet  given  for 
500-kg.  load — IQ-mm.  ball,  and  I  firmly  believe  that  even  after  the  baby 
Brinell  comes  into  fairly  general  use  the  Brinell  test  must  be  supplemented 
by  frequent  microscopic  examinations  and  that  microscopic  inspec- 
tion requirements  should  be  retained  as  a  vital  part  of  cartridge-brass 
specifications. 

C.  H.  Mathewson,  New  Haven,  Conn,  (written  discussion*). — Recent 
papers  from  Mr.  Bassett's  laboratory  constitute  a  very  welcome  addition 
to  the  rather  meager  amoimt  of  scientific  literature  dealing  with  structure 
and  properties,  or  in  other  words,  the  metallography  of  brass.  They  seem 
to  have  been  developed  mainly  from  the  standpoint  of  supplying  reliable 
and  useful  data  that  may  be  expected  to  further  the  inteUigent  handling 
of  brass  products.  The  collected  data  shown  in  the  tables,  when  exhib- 
ited in  graphic  form,  present  several  features  of  general  interest  and 
significance.  There  is  a  striking  difference  in  the  early  parts  of  the  several 
annealing  curves  shown  in  Fig.  1.  While  the  heavily  worked  samples 
harden  quite  materially  before  they  begin  to  soften,  the  tightly  worked 
samples  soften  without  any  prior  hardening. 

The  fact  that  hardening  sometimes  occurs  after  treatment  at  low  tem- 
peratures before  a  true  annealing  effect  begins  has  been  known  for  some 
time,  but,  so  far  as  I  am  aware,  the  supplementary  information  brought  out 
by  these  curves  is  quite  new.  This  early  hardening  has  been  attributed 
to  a  redistribution  or  retief  of  internal  strain,  but  Howe  considers  this 
explanation  hardly  competent  to  account  for  similar  effects  of  much 
greater  intensity  which  occur  in  steel.  ^  Jeffries,  however,  in  his  discus- 
sion of  the  amorphous  theory  anticipates  a  condition  of  internal  stress. 
incident  to  the  formation  of  amorphous  metal,  which  may  be  gradually 
relieved  at  ordinary  temperature  or  more  rapidly  reUeved  at  somewhat 
elevated  temperatures.  This  explanation  is  quite  in  harmony  with  the 
observation  that  the  more  severe  the  initial  deformation,  the  more  pro- 
nounced the  hardening  in  question. 

We  might  even  find  a  relation  between  season-cracking,  an  effect 
of  internal  strain,  and  this  unique  hardening.  yhuSy  it  is  conceivable 
that  metal  which  has  not  been  worked  severely  enough  to  show  an  appre- 
ciable hardening  when  heated  to  about  200°  C.  will  be  stable  under  all 
conditions,  while  metal  that  hardens  under  this  treatment  will  be  subject 
to  season  cracking.    This  point  appears  to  be  worth  some  investigation. 

♦Received  Feb.  17,  1919.  ^BuOeHn  No.  146  (Feb.,  1919). 
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It  is  noticeable  that  each  curve  of  Fig.  1  intersects  the  curve  lying 
below  it  in  two  localities  before  they  merge  into  one  common  curve.  The 
first  intersection  is  due  to  a  progressive  lowering  of  the  recrsrstaUization 
temperature  as  the  degree  of  deformation  decreases  and  a  reasonable 
explanation  of  these  conditions  has  been  given  in  the  first  paper  cited  by 
the  authors.  The  second  intersection  indicates  that  when  the  more 
severely  worked  metal  has  nearly  completed  its  recrystallization,  and  the 
less  severely  worked  metal  has  recrystallized  to  a  considerably  lesser 
extent,  both  possess  the  same  hardness.  This  would  naturally  ocmu 
at  some  characteristic  temperature  and  the  measured  grain  sizes  would  not 
be  the  same  because  there  would  be  a  greater  number  of  grain  areas  com- 
posed of  invisible  fragments  in  the  case  of  the  less  severely  deformed 
material.  These  measurements  would  be  greatly  influenced  by  the  grain 
size  that  existed  prior  to  deformation  and  the  authors  have  alluded  to 
the  bearing  of  this  factor  on  the  results. 

It  is  quite  probable  that  the  less  severely  deformed  material  may 
develop  abnormal  grains,  at  favorable  temperatures,  by  selective  growth 
and  this  may  account  for  the  widening  of  the  loops  made  by  the  last 
intersections  of  the  curves  of  Fig.  1  as  the  degree  of  deformation  decreases. 

In  the  discussion  of  Dr.  Jeffries'  paper,  I  have  referred  to  the  relation- 
ship between  Brinell  hardness  and  grain  size  indicated  by  Fig.  3.  of  the 
paper  by  Messrs.  Bassett  and  Davis.     Using  the  equation : 

Brinell  hardness  =K  ^.-—=^——-z--^=^ 

V  diam.  of  average  grain  in  mm. 

and  placing  the  constant  equal  to  30  the  following  set  of  figures  is  ob- 
tained.    These  plot  rather  close  to  the  curve  shown  in  Fig.  3. 


Brinell  HardneM 

Diameter  of  Averace  Grain,  in  Mm. 

43 

0.2401 

60 

0.1296 

60 

0.0626 

75 

0.0266 

100 

0.0081 

160 

0.0016 

It  is  interesting  to  observe  that  beyond  a  hardness  value  of  approxi- 
mately 75,  at  which  point  grain-size  measurements  became  impracticable, 
the  authors  carry  dotted  extensions  of  the  curves  up  to  the  limitmg 
hardness  value  of  the  cold-rolled  metal,  160.  In  other  words,  they  repre- 
sent a  continued  decrease  in  grain  size  down  to  a  minimum  of  zero  size 
at  the  maximum  hardness  value. 

Any  attempt  to  count  in  this  range  would  show  a  reversal  of  grain 
size  with  hardness  an  d  the  grain  size  corresponding  to  maximum  hardness 
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FlO.   1.  Fio.  2. 

Via.  1- — Shbbt  bbass  rolled  4  ndubeks  Aim  annealed  ^  ait.    350°  G. 
Flo.  2. — Sheet  sBAea  bollgd  7  nuubebs  and  akkealed  H  hb.    350"  C. 


Fio.  3.  Fio.  4. 

FlQ.  '3.— HlQH  BIDE   OP  ECCENTRIC   SHELL  WHICH   FAILED   IN   MERCUBT  TEST.       1  KIN. 

800°  F.  (427°  C.) 

Kia.    4. — Low  BIDE  OF  ECCENTEIC  SHELL  WHICH  FAILED  IN  MEBCURT  TEBT.      1  MIN. 

800°  F.  (427°  C.) 


FiQ.  5.  Fia.  6. 

— HlOH   SIDE    OF   SCRATCHED    ECCENTRIC    SHELL.  I    MIN.    800°  F.  (427°  C.) 
^LOW    BIPE    OF    BCBATCHBD    ECCENTRIC    SHELL.  1    MIN.    S00°   F.  (427°  C.) 

NH*OH  +  HiO,     X  75. 
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Fio.  9. 

FlO.  9. — Hioa  SIDE  OP  SCRATCHED 

Fia.  10. — Low  8IDE  OF 


Fio.  11.  Fig.  12. 

Fia.  11.— Half  sbbll  1  min.    800°  F.  (427°  C.) 
Fig.  12.— H*lp  shell  1  min.     900'  F.  (48:;'  C.) 
NH,OH  +  H,Oi     X  75. 


COMPABISON  OF  GRAIN-6IZB  MEASUREMENTS  AND  BRINBLL  HARDNESS     697 

would  be  the  cold-worked  equivalent  of  the  original  grain.  The  theo- 
retical curve  passes  through  decreasing  values  of  grain  size  in  this  region 
down  to  a  minimum  of  about  0.001  mm.  at  the  maximum  hardness  value 
of  about  160.  This  represents  what  I  conceive  to  be  the  order  of  size  of 
the  indistinguishable  crystalline  grain  fragments  present  in  severely 
worked  brass  and  I  look  upon  the  process  of  hardening  by  cold  working 
as  essentially  a  process  of  fragmentation  with  a  building  up  of  amorphous 
or  subcrystalline  boundaries. 

W.  B.  Prick,*  Waterbury,  Conn,  (written  discussion f). — The  prac- 
tical application  of  Brinell  hardness  measurements  in  controlling  the 
annealing  of  cartridge  brass  is  of  very  great  importance.  While  it  is 
realized  that  the  paper  under  discussion  is  supposed  to  deal  only  with  the 
relation  between  grain  size  and  Brinell  hardness,  it  would  have  been  inter- 
esting if  other  physical  properties  could  have  been  added.  In  connec- 
tion with  the  anneal  shown  at  350°  C.  with  different  reductions,  analogous 
annealing  experiments  were  carried  out  in  this  laboratory  in  1914,  with 
common  high  brass  (copper,  64.13  per  cent.;  lead,  0.21  per  cent.;  iron, 
0.04  per  cent.;  zinc,  35.62  per  cent.)  reduced  four  and  seven  numbers  hard 
(Brown  &  Sharpe  gage).     These  results  are  illustrated  by  Figs.  1  and  2. 

It  may  be  of  interest  to  state  in  connection  with  the  author's  con- 
clusions, 'Hhe  grain  size  of  brasses  annealed  at  low  temperatures  are 
greatly  affected  by  the  grain  size  and  the  reduction  by  rolling  previous 
to  such  annealing,''  an  experience  with  low-temperature  ^neals  on  the 
mouth  annealing  of  brass  artillery  cases.  Occasionally  a  little  trouble 
was  experienced  with  a  shell  cracking  on  the  mouth  in  the  mercuric  chloride 
test,  and  upon  investigation  it  was  found  that  failure  usually  took  place 
upon  the  thin  side  of  an  eccentric  shell.  The  photomicrographs  of  a 
shell  that  failed  are  shown  in  Figs.  3  and  4.  The  mouth  anneal  of  1  min. 
at  800^  F.  (427°  C.)  has  caused  a  partial  recrystallization  on  the  thick, 
or  more  heavily  worked,  section,  while  there  is  very  little  evidence 
of  recrystallization  on  the  thin,  or  little  worked,  section.  By  raising 
the  temperature  of  the  anneal  high  enough,  recrystallization  was  effected 
r^ardless  of  variation  in  amoimt  of  reduction  on  the  mouth. 

Another  practical  illustration  of  the  important  relationship  between 
degree  of  cold  working  and  temperature  of  recrystallization  was  noticed 
in  a  case  that  had  been  rather  deeply  scratched  by  an  imperfect  die 
previous  to  the  mouth  anneal.  Examination  under  the  microscope,  after 
the  annealing  treatment,  showed  that  recrystallization  bad  taken  place 
on  the  scratch  but  had  not  appeared  on  other  parts  of  the  case.  Some 
cases  were  then  purposely  scratched  and  annealed  for  1  min.  at  800^, 
860**  and  900^  F.  (427^  454^  and  482^  C.)  (see  Figs.  6  to  10).  Recrystal- 
lization of  the  specimen  was  hardly  effected  at  860®  F.  (454®  C.) ;  incipient 
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recrystallization  has  taken  place  both  on  the  scratch  and  on  some  of  the 
boundaries  of  the  large  deformed  crystals.  At  900**  F.  (482**  C.) ,  recrystal- 
lization has  replaced  the  large  originally  deformed  crystals  with  a  much 
finer  structure.  The  crystals  on  the  scratch  are  much  smaller  than  those 
on  the  imaltered  section. 

The  relation  of  crystal  size  to  tensile  strength  and  per  cent,  of  elongation 
is  illustrated  by  the  following  experiment:  A  concentric  shell  was  cut  in 
two  longitudinally;  one  half  was  annealed  for  1  inin.  at  800**  F.  (427**  C.) 
and  the  other  half  was  annealed  for  1  min.  at  900**  F.  (482**  C.) .  These  are 
illustrated  in  Figs.  11  and  12.  The  800**  F.  (427**  C.)  case  when  tested  had 
a  tensile  strength  of  57,385  lb.  per  sq.  in.  (4034  kg.  per  sq.  cm.)  and  an 
elongation  in  2  in.  of  35.3  per  cent.,  whereas  the  900**  F.  (482**  C.)  case 
had  a  tensile  strength  of  51,567  lb.  (3620  kg.)  and  an  elongation  of 
52.2  per  cent. 

On  pages  63  and  77,  the  authors  state  that  in  annealing  hard  rolled 
metal  the  drop  in  Brinell  hardness  indicates  softening  of  the  metal  just 
before  the  new  grains  are  seen.  Upon  examination  of  Fig.  1,  page  62, 
however,  showing  graphically  the  relation  between  the  BrineU  hardness 
values  and  the  annealing  temperatures,  it  wUl  be  noted  that  the  hardness 
curve  rises  perceptibly  from  the  hard  material  to  the  200**  C.  anneal  for 
metal  reduced  36.6  per  cent,  and  upward.  This-  indicates  that  for 
temperatures  below  visible  recrystallization,  possibly  amorphous,  mate- 
rial resulting  from  severe  working  undergoes  some  readjustment,  which 
causes  a  distinct  hardening  instead  of  softening  as  would  generally  be 
expected.  This  phenomenon  was  observed  by  Mathewson  and  Phillips,' 
and  came  under  my  observation'  when  I  annealed  artillery  cases  at  low 
temperatures. 

J.  Burns  Read,*  Washington,  D.  C. — ^There  is  nothing  I  qbh  say 
other  than  in  support  of  the  data  that  Messrs.  Bassett  and  Davis  have 
furnished.  In  fairness  to  them,  after  what  Mr.  Phillips  has  said,*  I 
wish  to  state  that  these  data  were  in  the  hands  of  officers  of  the  Ordnance 
Department  early  last  year  and  were  very  helpful  in  the  manufacturing 
of  cartridge  cases  for  both  small  arms  and  artillery.  Many  contractors 
who  undertook  the  manufacture  of  cartridge  cases  knew  nothing  of  the 
control  of  brass  quality  through  its  working  and  anneal,  consequently 
this  information  was  most  helpful  and  such  troubles  as  toO  soft  and  too 
hard  cases  and  season  or  corrosion  cracking  of  cases  were  readily  over- 
come through  the  application  of  the  principles  brought  out  in  this  article. 
A  large  number  of  micrographs  and  records  of  Brinell  tests  collected  by 
the  Ordnance  Department  certify  as  to  the  correctness  of  the  data. 

^Tram,  (1916)  64,  60S-667. 

« W.  B.  Price:  A.  S.  T.  M.  (1918)  18. 
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Hie  question  of  Brinell  tests  has  been  given  much  attention  by  the 
Ordnance  Department.  As  stated,  the  Brinell  test  has  not  been  reliable 
when  applied  to  thin  material,  and  if  it  makes  an  impression  through 
to  the  other  side  of  the  metal  it  is  no  longer  a  Brinell  test.  . 

The  Ordnance  Department  in  its  laboratory  at  Pittsburgh  has  been 
working  on  the  development  of  what  it  calls  a  baby  Brinell  machine,  and 
lias  obtained  some  very  satisfactory  results  in  the  brinelling  of  thin  sheet 
metals.  Since  the  signing  of  the  armistice,  this  machine  has  been  used 
in  the  direct  brinelling  of  0.30  caliber  cartridge  cases  and  very  consistent 
results  have  been  obtained.  Because  of  these  results,  we  feel  that  the 
brinelling  of  thin  sheet  metal  is  soon  to  be  a  reliable  method  of  determining 
its  hardness. 

W.  H.  Bassett. — The  discussion  of  this  paper  has  been  gratifying 
and  I  am  glad  to  hear  the  various  conclusions  that  have  been  drawn  from 
the  data  supplied.  It  was  our  intention  to  arrive  at  a  practical  method 
which  would  allow  the  rapid  testing  of  cartridge  brass  in  inspection.  Of 
coiu-se,  this  work  has  a  commercial  bearing  now  that  we  are  no  longer 
manufacturing  munition  supplies.  The  Brinell  standard  test  using  the 
10-mm.  ball  is  not  serviceable  for  thin  metal,  and  I  am  glad  to  hear  of  the 
development  of  the  baby  Brinell;  this  should  certainly  offer  a  means  for 
the  more  rapid  testing  of  the  hardness  of  thin  brass. 

Notwithstanding  what  Mr.  Merriman  said  about  the  possibility  of 
brass  passing  a  Brinell  hardness  specification,  in  the  case  of  over-anneal- 
ing followed  by  light  rolling,  I  do  not  believe  that  this  fact  detracts  from 
the  practicability  of  the  Brinell  test.  It  is,  of  course;  possible  by  combina- 
tions of  working  to  obtain  false  impressions  from  the  grain  count,  as  we 
attempted  to  bring  out  in  the  paper.  If,  for  instance,  work  done  on  the 
brass  is  not  sufficient  to  make  apparent  a  deformation  of  the  grain,  the 
grain  size  will  not  be  an  accurate  measure  of  the  hardness  of  the  material. 
In  other  words,  the  material  may  be  much  harder  than  the  grain  diameter 
indicates.  Likewise,  certain  combinations  may  be  arranged  that  will 
make  the  Brinell  hardness  figures  misleading. 

The  purpose  of  proposing  the  Brinell  hardness  test  to  replace  the 
grain  count  is  to  make  possible  more  rapid  inspection,  but  the  two 
methods  should  be  used  in  connection  with  each  other.  If  the  Brinell 
hardness  test  is  used  in  inspection,  an  occasional  microscopic  examination 
should  be  made  in  order  to  obtain  a  proper  understanding  of  the  material 
being  considered.  So  far  as  material  above  0.100  in.  thick  is  concerned, 
the  Brinell  hardness  test  can  be  trusted,  provided  an  occasional  micro- 
scopic examination  is  made. 
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DiBCussion  of  the  paper  of  P.  E.  McKinnxt,  presented  at  the  New  York  meetang, 
February,  1919,  and  printed  in  BuUeHn  No.  146,  February,  1919.  p.  421. 
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Jesse  L.  Jones,*  Pittsburgh,  Pa.  (written  discussionf). — The  most 
important  criterion  on  which  judgment  of  the  quality  of  manganese 
bronze  can  be  based  is  its  freedom  from  lead.  Not  over  0.03  per  cent,  of 
lead  should  be  present  in  a  good  grade  of  manganese  bronze.  While  it  is 
not  questioned  that  manganese  bronze  with  a  high  tensile  strength  and 
considerable  ductility  can  be  made  from  materials  that  will  give  a  lead 
content  of  possibly  2  to  3  per  cent.,  there  is  no  doubt  that  such  material, 
while  it  may  machine  readily,  will  be  found  to  withstand  the  impact  test 
very  poorly,  and  hence  be  unsuited  for  high-grade  engineering  work. 
When  lead  is  present  in  considerable  amounts',  it  forms  in  small  pools  in 
the  alloy  and  the  material  has  little  strength  at  these  points;  in  fact, 
such  spots  in  the  metal  are  equivalent  to  nicks  in  a  test  bar  as  far  as  their 
effect  on  tensile  strength  is  concerned.  A  further  objection  to  a  high  lead 
content  is  the  ease  with  which  it  oxidizes  and  its  consequent  tendency  to 
produce  dross. 

A  second  characteristic  of  a  high-grade  mangap^se  bronze  is  a  lo^ 
content  of  manganese.  This  should  not  exceed  0.05  per  cent.;  in  fact, 
very  many  of  the  best  grades  of  manganese  bronze  show,  on  analysis, 
only  a  trace  of  manganese  or  no  manganese  whatever.  Manganese  is  a 
deoxidizer  and  its  ready  oxidation  protects  the  other  metals  of  the  afloy; 
but  if  it  is  present  in  large  amounts  it  will  produce  considerable  manganese 
dioxide,  which  does  not  separate  readily  from  the  molten  alloy  and  may 
produce  black  specks  or  drossy  spots  and  render  the  obtaining  of  clean 
castings  difficult. 

Aluminum  should  be  present  in  a  good  grade  of  manganese  bronze  in 
only  very  small  amounts.  A  content  of  0.10  per  cent,  aluminum  is 
ample.  Larger  amounts  have  a  tendency  to  increase  the  shrinkage  of 
the  alloy,  to  give  the  ingots  and  castings  a  white,  scruffy  appearance, 
and  to  prevent  the  beautiful,  golden,  oxidization  color  characteristic  of 
high-grade  manganese  bronze  and  a  most  excellent  indication  of  quality. 

The  work  that  the  author  of  the  paper  has  done  is  valuable  from  a  con- 
servation standpoint,  and  it  will  supplement,  in  a  marked  degree,  the 
advances  that  have  been  made  by  a  number  of  manufacturers  of  manga- 
nese bronze  in  utilizing  the  turnings  from  this  material.  A  number  of 
firms  have  succeeded  in  making  a  very  good  grade  of  ingot  metal  from 
turnings  and  other  light  scrap,  obtaining  a  tensile  strength  and  elongation 
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.    which,  although  not  equal  to  that  obtained  from  new  metal,  is  still  very 
creditable. 

The  lack  of  uniformity  in  manganese  bronze  made  from  the  materials 
specified  by  the  author  of  the  paper,  the  tendency  to  drossy  metal  from 
the  extremely  high  content  of  lead,  manganese,  and  aluminum,  which  are 
shown  by  the  analyses  given,  combine  to  render  the  commercial  use  of 
manganese  bronze  made  from  such  inferior  materials  of  doubtful  utility. 
^     There  is  a  field,  however,  for  what  might  be  designated  as  a  second- 
class  quality  of  manganese  bronze  in  the  making  of  rather  light  castings. 
These  castings  can  be  gated  in  such  a  way  that  dross  and  oxide  will  be 
strained  from  the  metal  and  cl^an  castings  thus  produced.     The  castings 
set  quickly;  hence  if  the  metal  has  a  rather  high  shrinkage  it  is  not  so 
likely  to  be  objectionable  as  in  a  heavier  casting.     In  light  castings, 
also,  the  oxidation  of  the  metal  in  the  mold  cannot  occur  to  any  marked 
extent,  as  in  the  case  of  large  molds  that  are  very  slowly  filled  and  in  which 
the  metal  is  a  long  time  congealing.     Hence,  the  grade  of  manganese 
bronze  described  by  the  author  can  be  used  for  such  castings  but  its  use 
in  large  and  important  castings  is  likely  to  be  far  from  satisfactory,  for 
the  reasons  named. 

W.  M.  Corse,*  Mansfield,  Ohio  (written  discussionf). — Mr.  McKin- 
ney  has  called  attention  to  a  very  practical  method  of  making  manga- 
anese    bronze  and  has    checked   the   method   by   about   3   years   of 
operation.    The  Naval  Gun  Factory  has  an  unusual  opportunity  to 
check  physical  results  from  metal  in  castings  because  every  heat  is  tested 
physically  and  a  splendid  series  of  results  is  thereby  on  record.    Very  few 
commercial  foundries,  unless  on  government  work,  test  every  heat  of 
metal   physically.    As  a  result,  the  physical  properties  published  by 
commercial  foundries  are  not  backed  by  nearly  as  many  tests.     I  men- 
tion this  to  bring  out  the  fact  that  Mr.  McKinney  is  not  describing 
an  occasional  heat  of  manganese  bronze  but  is  telling  of  results  that  are 
checked  constantly  by  physical  tests. 

The  point  made  that  the  method  of  making  manganese  bronze  as 
described  is  not  applicable  to  strictly  crucible  practice  is  important; 
also  that  the  method  is  not  practicable  with  small  quantities  of  metal. 
The  fact  that  less  than  0.75  per  cent,  lead  is  not  markedly  harmful  to  the 
physical  properties  of  this  aUoy  is  interesting,  particularly  in  view  of 
existing  specifications. 

Hakou)  J.  Roast, t  Montreal,  Que. — About  2  years  ago  Mr.  McKinney 
told  me  about  mixing  zinc  dross  with  foundry  skimmings,  which  sounded 
like  a  very  difficult  proposition  to  me.  However,  I  tried  out  essentially 
irhat  he  has  described  and  found  it  quite  possible  to  make  satisfactory 
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an  occasional  heat  of  manganese  bronze  but  is  telling  of  results  that 
manganese  bronze,  judging  the  results  by  tensile  tests,  etc.  The  furnace 
used  was  an  oil-fired  revolving  furnace  of  1000  lb,  capacity.  Unfor- 
tunately, the  company  for  which  I  was  working  did  not  require  the 
bronze  at  that  time;  but  my  experience,  small  as  i^  was,  leads  me 
firmly  to  beUeve  that  what  Mr.  McKinney  has  said  is  feasible,  and  I 
would  strongly  advise  anyone  interested  to  try  it  out. 

G.  H.  Clamer,*  Philadelphia,  Pa. — ^I  have  been  more  or  less  familiar 
with  the  work  Mr.  McKinney  has  been  doing  in  the  Washington  Navy 
Yard,  but  I  did  not  appreciate  that  he  was  carrying  the  consumption  of 
scrap  quite  fo  the  extent  he  has  described. 

The  original  manganese  bronze,  known  as  the  Parsons  manganese 
bronze,  was  introduced  into  America  25  or  30  years  ago  by  the  Wm. 
Cramp  Ship  and  Engine  Building  Co.  It  was  always  considered  an  alloy 
of  the  highest  order;  that  is,  it  required  knowledge,  experience,  and  the 
use  of  raw  materials  of  the  highest  quality  to  produce  it,  in  order  to  get 
satisfactory  results.    Lake  copper  was  used  and  the  Bertha,  or  Horsehead 

« 

spelter.  I  think  possibly  that  I  was  the  first  one  to  make  manganese 
bronze  in  this  country,  independent  of  the  Cramp  Co.  There  was  prac- 
tically no  information  on  the  subject  at  the  time  I  started;  there  was 
nothing  in  the  literature,  except  that  we  knew  that  Parsons  manganese 
bronze  was  a  very  good  metal  and  was  very  largely  used  by  the  United 
States  Government.  The  Cowles  Co.,  of  Lockport,  then  introduced 
aluminum  bronze,  which  carried  about  10  per  cent,  of  aluminum  and 
90  per  cent,  copper;  there  was  a  great  deal  of  discussion  and  controversy, 
as  to  the  relative  merits  of  these  two  alloys.  Finally  the  manganese 
bronze  won  out,  because  it  was  more  easily  handled  and  could  be  more 
cheaply  produced.  The  Cowles  Co.  then  undertook  to  manufacture 
manganese  bronze.  They  manufactured  the  alloy  by  the  use  of  man- 
ganese copper  and  actually  introduced  a  considerable  proportion  of 
manganese  into  the  alloy,  and  I  will  say  that  the  bronzes  they  made  at 
that  time,  carrying  about  4  per  cent,  of  manganese  and  as  high  as  1^ 
per  cent,  of  alumiiium,  were  as  good  bronzes  as  I  have  seen.  These 
alloys  had  a  very  high  yield  point,  good  elongation,  and  tensile  strength, 
in  some  cases  as  high  as  90,000  pounds. 

After  we  began  to  manufacture  manganese  bronzOi  several  others 
began  its  manufacture,  so,  naturally,  the  producer  started  to  look  for 
cheaper  methods  of  production.  The  first  step  was  to  use  a  Iowa* 
grade  of  spelter;  consequently,  the  intermediate  grades  of  spelter,  carry- 
ing 0.2  per  cent,  of  lead  were  used.  After  that,  there  was  some  scrap 
used  but  the  scrap  was  always  of  a  strictly  known  quality  and  of  low 
lead  content.    We  also  used  zinc  dross  in  niaking  this  alloy  about  10 
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years  ago,  appreciating  the  fact  that  in  zinc  dross  we  had  a  ready  means 
for  introducing  iron  into  the  alloy.  The  alloys  were  made  merely  by 
the  use  of  ^inc  dross,  aluminum,  and  copper  and  gave  very  satisfactory 
results;  these  alloys  contained  no  manganese  whatever.  We  were  very 
careful,  however,  to  use  only  the  zinc  dross  that  came  from  high-grade 
spelter,  the  spelter  of  very  low  lead  content,  such  as  is  produced  in 
galvanizing  wire.  We  found  that  by  using  drosses  of  that  kind  we 
could  get  very  satisfactory  results,  but  it  was  hard  to  obtain  drosses 
that  ran  sufficiently  uniform  to  use  without  a  great  deal  of  care.  Some 
of  the  slabs  of  dross  we  obtained  evidently  were  mixed  with  dross  from 
the  use  of  lower  grade  spelter  and  contained  2  to  3  per  cent,  of  lead. 
Other  slabs  contained  no  lead  at  all,  so,  for  that  reason,  the  use  of  zinc 
dross  was  given  up. 

We  have  been  led  to  beUeve  that  the  reverberatory  furnace  is  an 
exceedingly  bad  type  in  which  to  make  manganese  bronze.  In  this 
furnace  it  is  rather  hard  to  control  the  atmosphere  and  one  of  the  chief 
difficulties  that  I  would  see  in  making  manganese  bronze  as  Mr.  McKin- 
ney  describes  would  be  in  the  oxidation  of  the  aluminimi.  Aluminum 
forms  an  infusible  oxide,  unreducible  by  carbon  at  the  prevailing  tem- 
peratures, which  is  exceedingly  hard  to  get  out  of  the  metal.  It  is 
probably  fluxed  by  the  salt  that  he  uses  and  carried  to  the  top,  but  I 
would  be  a  Uttle  afraid  of  using  bronze  of  that  kind  on  large  and  im- 
portant castings. 

In  making  the  test  bars,  aa  they  are  ordmarily  made  with  a  coupon 
or  jin  the  ingot,  as  Mr.  Jones  has  said,  it  is  easy  to  get  a  good  test;  but 
when  you  dig  right  into  the  body  of  the  casting,  I  am  afraid  that  the  re- 
sults obtained  by  that  method  would  be  somewhat  imcertain.  Mr.  Mc- 
Kinney  has  certainly  had  a  vast  experience;  he  has  made  lots  of  castings 
and  he  is  not  putting  forth  here  anything  that  he  has  done  in  a  small  way 
but  I  would  like  to  ask  if  he  has  investigated  the  condition  of  the  metal, 
in  the  heart  of  the  castings,  as  compared  with  the  test  bars.  * 

The  U.  S.  Government  specifications,  I  might  say,  as  Mr.  Corse  has 
also  pointed  out,  are  very  rigid  as  r.egards  lead  content  and  use  of  scrap. 
This  paper,  coming  from  a  representative  of  one  of  our  government 
departments,  is  significant.  I  think  the  Navy  Department  should  be 
^wiUing  to  modify  their  specifications,  if  they  will  accept  material  of  that 
kind  made  by  the  Navy  Yard. 

C.  R.  Spare,*  Philadelphia,  Pa. — The  writer  of  the  paper  has  informed 
me  that  about  1,000,000  lb.  have  been  made  in  this  way  in  the  last  year; 
certainly  this  is  a  sufficiently  large  quantity  to  determine  what  he 
is  doing.  Of  course,  I  could  imagine  that  the  use  of  known  materials  is 
taken  for  granted.    The  Navy  Yard  has  probably  had  a  large  amount 
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materials  of  known  compositions;  that  is  where  it  had  a  great  advantage, 
because  the  average  small  foundry  man  who  will  go  out  and  purchase 
scrap  materials  of  unknown  composition  and  mixed  badly  certainly  can 
not  get  such  uniform  results.  Of  course,  the  author  melts  his  metal 
twice.  He  first  applies  intense  heat,  after  which  the  metal  is  analysed 
in  order  to  determine  composition,  and  then,  after  his  composition  is 
known,  he  remelts  it.  This,  if  done  carefully,  would  undoubtedly  give 
him  a  uniform  composition  of  the  bronze.  We  have  not  found  that 
large  percentages  of  manganese  result  in  a  weakened  alloy;  we  have 
used  manganese  up  to  5  per  cent,  without  losing  any  dross  or  oxides  in 
our  castings.  That  is  European  practice  also.  In  France  and  England 
(and  I  have  had  occasion  to  examine  some  samples  from  Germany  and 
Austria)  these  bronzes  are  frequently  high  in  manganese.  In  fact,  some 
very  difficult  castings  in  submarine  and  torpedo-boat  destroyers  and  air 
compressors  ran  high  in  manganese.  Castings  that  had  to  carry  an  air 
pressure  of  3  lb.  per  in.  carried  high  manganese,  so  that  I  am  inclined  t« 
differ  with  the  statement  that  high  manganese  is  inconsistent  with  clean, 
sound  castings. 

P.  E.  McKiNNBY. — With  reference  to  the  question  of  tests,  I  might 
say  that  you  have  seen  the  specimens  passed  around  the  ro9m  which  are 
cut  from  rather  heavy  castings  cast  in  sand,  not  against  a  chill.  It 
represents  a  dry  sand  casting,  a  most  difficult  casting  on  which  to  get 
high  physical  values,  on  account  of  the  extremely  slow  cooling. 

With  reference  to  taking  tests  out  of  the  body  of  the  casting,  I  fed 
that,  so  long  as  the  shrinkages  are  right  on  the  casting  proper,  a  cut 
taken  anywhere  in  a  casting  will  be  representative  of  the  metal  in  an 
attached  coupon  not  covered  on  a  chill.  That  will  hold  in  aluminum 
bronze,  manganese  bronze,  steel,  or  any  other  metal  that  has  a  high 
shrinkage.  We  are  frequently  called  upon  to  take  tests  for  informa- 
tion from  the  casting  proper,  in  which  case  I  do  not  hesitate  to  remove 
a  test  piece  from  the  castings  by  the  hollow  mill.  As  a  matter  of  fact,  I 
would  just  as  soon  accept  the  test  piece  obtained  with  a  hollow  mill  as 
I  would  that  from  an  attached  coupon. 

With  reference  to  size,  I  have  made  quite  a  number  of  castings  weigh- 
ing up  to  9.5  tons  with  this  metal;  I  do  not  know  whether  there  are  any 
heavier  ones.  These  castings,  moreover,  are  in  service  and  have  stood 
rather  hard  service  during  the  war  in  torpedo  practice. 

The  objections  to  manganese  and  aluminum  as  ingredients,  of  course, 
might  depend  on  whether  you  use  new  metal  or  scrap,  because  usuaDy 
the  commercial  grades  of  manganese  bronze  have  added  to  them  quite 
a  percentage  of  aluminum  and  manganese.  But  our  experience  has 
shown  that,  for  a  casting  alloy,  aluminum  and  manganese  are  very  bene- 
ficial in  giving  toughness  and  strength,  without  necessitating  an  iacreaM 
of  the  zinc  content. 
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William  Campbell,*  New  York,  N.  Y. — I  would  just  like  to  confirm 
what  Mr.  McKinney  has  said  about  test  specimens  taken  from  the  cast- 
ing itself.  At  the  Brooklyn  Navy  Yard  we  have  found  that  the  test 
specimen  taken  from  the  casting  gives  just  as  good  results  as  that  cut 
from  the  coupon  attached  to  the  casting.  As  he  says,  the  question  of 
strength  is  a  question  of  foundry  practice.  When  the  foundry  tries  to 
skimp  on  the  metal  and  when  sufficient  head  is  not  used  for  shrinkage 
the  metal  falls  down.  The  test  specimen  shows  cracks  through  prac- 
tically its  whole  length;  and  ui^der  the  microscope  you  will  find  that  the 
crystals  do  not  properly  cohere.  When  the  metal  is  poured  right,  at 
the  correct  temperature,  etc.,  the  test  specimen  from  the  casting  will 
practically  agree  with  that  from  the  attached  coupon. 

With  regard  to  composition,  it  seems  that  you  can  get  equal  strength 
and  ductility,  whether  you  are  dealing  with  high  or  low  manganese  and 
iron,  high  or  low  aluminum,  and  up  to  a  certain  per  cent,  of  tin.  The 
same  holds  good  for  the  amount  of  lead  at  least  up  to  0.25  per  cent.; 
apparently  lead  does  not  have  much  effect  on  the  strength  as  long  as 
it  is  in  the  form  of  fine  well  distributed  globules. 

The  conclusion  we  have  come  to  is  that  the  melting  and  foundry 
practices  are  the  two  great  factors  in  manganese  bronze  and  that  in 
nearly  all  cases  of  failure  it  was  found  not  to  be  the  trouble  with  the  com- 
position as  much  as  that  arising  from  included  dross  and  from  shrinkage, 
during  the  period  of  solidification. 

J.  B.  F.  Hbrreshopf,  New  York,  N.  Y, — Nothing  has  been  said 
about  antimony,  which,  as  we  all  know,  is  bad  in  copper,  especially  in 
copper  used  for  brass.  The  results  are  very  bad.  There  is  just  the  pos- 
sibility that  in  the  use  of  scrap,  unless  some  change  is  made,  we  might 
find  some  hard  lead.  In  that  case,  we  might  have  brass  of  very  low 
strength.  We  do  know  that  if  there  is  even  a  trace  of  antimony  in  the 
copper  the  resulting  brass  is  not  ductile. 

I  see  no  reason  why  cartridges  should  not  be  made  from  .brass  where 
scrap  is  used;  if  the  scrap  comes  from  the  high  grades  of  copper  that  all 
the  firms  are  putting  out  now.  Electrolytic-copper  scrap,  and  scrap  of 
that  sort,  ought  to  be  perfectly  satisfactory;  and  with  proper  production 
the  brass  ought  to  be  sufficiently  pure  for  cartridges. 

William  Hamilton, t  Newport  News,  Va. — ^Just  one  word  to  sub- 
stantiate some  of  the  statements  made  by  Mr.  McKinney.  I  have  seen 
his  work  and  know  that  he  has  made  as  fine  castings  as  I  have  seen.  My 
fijm  made  the  very  same  experiments  as  Mr.  McKinney  has  described 
and  found  that  a  great  deal  depends  on  the  foundry  practice.     Unless 

♦  Professor  of  Metallurgy,  Columbia  University,  and  Metallurgist,  Navy  Yard,  N.  Y 
t  General  Foreman,  Iron,  Brass,  and  Steel  Foundries,  Newport  News  Shipbuilding 
and  Dry  Dock  Co. 
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manganese  bronce  is  gated  at  the  bottom,  you  will  not  get  pure  metal, 
but  will  be  sure  to  get  a  dirty  casting.  In  one  case,  which  Mr.  Clamer  is 
well  acquainted  with,  we  went  through  a  great  deal  of  experimenting  to 
get  good  test  pieces  and  found  that  the  test  piece  on  the  bottom  of  a 
casting  did  not  give  any  better  elongation  or  reduction  of  area  than 
one  taken  from  the  bottom  of  a  riser.  The  riser  was  on  the  top  of  a 
casting  weighing  15,000  lb.,  the  riser  was  3  ft.,  outside  diameter,  and  the 
inside  14  in.  When  the  test  piece  was  taken  from  the  riser,  we  got 
almost  the  same  result  as  from  the  coupon  attached  to  the  very  bottom 
of  the  casting,  which  was  about  6  ft.  from  the  top,  with  that  much 
pressure  on  it.  As  Mr.  Clamer  said,  there  are  a  great  many  things  we 
have  to  do  for  the  Government  that  the  Government  does  not  do  for 
itself;  a  great  many  things  pass  in  its  foundries  that  would  not  pass  in 
ours.  Consequently,  we  have  to  take  tests  from  different  parts  of  the 
castings. 

As  to  the  ingredients,  I  have  tried  this  manganese  bronae,  getting 
the  zinc  from  our  own  galvanizing  plant,  and  after  analyzing  have  found 
that  I  made  just  as  good  manganese  bronze  as  Parsons  could  sell  us.  We 
have  just  as  good  manganese  bronze  out  of  all  scrap,  with  the  excep- 
tion that  the  elongation  is  nearly  always  a  little  lower.  C-ompared 
with  the  tensile  strength,  Mr.  McKinney's  elongation  is  a  little  lower. 
That  is  the  only  difference  I  have  found.  We  made  the  bronze  in 
crucibles,  never  in  a  reverberatory  furnace.  I  have  made  tons  of  it  and 
put  it  into  castings  and  propellers,  and  I  have  yet  to  find  it  to  fail 

Hbnrt  Traphagbn,*  Toledo,  Ohio. — Mr.  McKinney's  valuable 
paper  has  shown  us  that  the  material  commonly  Iboked  upon  as  worthier 
junk  can  be  made  into  not  only  usable,  but  really  good  material.  His 
results  form  a  remarkable  demonstration  of  the  application  of  the  three 
great  requisites  of  successful  metallurgicsd  practise;  viz.,  patience,  horse- 
sense  and  elbow  grease. 

You  will  note  one  significant  remark:  ''If  the  material  is  properly 
melted,  I  can  obtain,  excellent  results.''  He  might  have  added  "even 
from  junk."  Careful  melting  coupled  with  common  sense  is  the  open 
sesame  to  the  reputation  of  some  of  our  most  successful  firms,  and  the 
lack  of  it,  the  reason  for  countless  failures.  It  makes  no  difference 
whether  the  product  be  manganese  bronze,  high  brass,  steel  or  iron,  the 
best  materials,  carelessly  melted,  spell  failure,  while  poor  material; 
properly  handled,  will  often  give  excellent  resu}ts. 

It  really  seems  to  me  that  we  spend  a  great  deal  of  time  spinning 
fine  theories  and  gazing  into  microscopes,  when  we  might  well  g;ive  a 
little  attention  to  the  man  on  the  job,  and  the  way  he  handles  the  furnace. 
Perhaps  it  is  not  scientific,  probably  it  does  not  agree  with  our  ideas  of 

*  MetaUurgist  and  Chemist,  Toledo  Steel  Castings  Co. 
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dignified  discussion^  but  I  have  no  hesitation  in  stating,  and  a  fair  share 
of  experience  has  proved  it,  that  95  per  cent,  of  foundry  troubles  are 
directly  traceable,  not  to  abstruse  scientific  causes,  but  to  plain  every  day 
carelessness.  For  instance,  about  a  year  ago,  a  certain  foundry  made 
heat  after  heat  that  failed  in  reduction  of  £u*ea.  Numerous  experts  were 
consulted  and  the  opinions  given  would  have  filled  a  book,  but  still 
the  heats  continued  to  fail.  Microscopic  examinations  and  chemical 
analyses  were  made  almost  without  number  and  without  a  solution 
of  the  problem.  It  was  then  decided  to  use  horse-sense  and  make  the 
men  use  elbow  grease.  The  same  raw  materials  were  melted,  but  the 
metal  was  held  under  a  protective  slag  until  quiet;  it  was  then  tapped  into 
the  ladle  and  held  for  10  min.  before  pouring.  The  molds  were  carefully 
cleaned  and  kept  clean,  and  a  large  riser  was  placed  over  the  test  bar. 
From  that  day  and  until  the  end  of  the  war,  that  firm  did  not  have  a 
single  failure.  Yet  the  same  raw  materials,  the  same  furnace,  the  same 
pattern,  the  same  annealing  methods  were  used;  in  fact,  nothing  was 
changed  except  the  method  of  handling.     <- 

Kg  metal  and  scrap  are  always  dirty  and  more  dirt  is  gathered  from 
the  furnace  and  from  the  molds,  and  unless  the  metal  is  allowed  to  remain 
quiet  and  clear  itself,  failure  is  almost  certain.  Mr.  McKinney  has  shown 
the  way.  Refine  hot,  pour  cool  into  clean  molds,  after  holding  the  metal 
for  a  reasonable  time,  and  many  of  our  knotty  problems  will  disappear. 


Metals  and  Alloys  from  a  Colloid-chemical  Viewpoint 

I>]scu88ion  of  the  paper  of  Jerome  Alexander,  presented  at  the  New  York  meeting 
February,  1919,  and  printed  in  BuUeHn  No.  146,  February,  1919,  p.  427. 

Jbbome  Alexandeb. — ^All  of  you  undoubtedly  know  that  a  microscopic 
examination  of  metals  will  reveal  many  things;  but  we  should  go  further 
than  just  simply  using  a  low-  or  medium-powered  microscope  and  seek 
the  reason  why  grain  size  varies  under  different  conditions.  When  we 
get  below  the  limits  of  the  ordinary  microscope,  we  enter  the  so-called 
colloidal  field,  which  means  that  we  are  dealing  with  aggregations  of 
matter  that  approximate,  say,  100  millimicrons.  The  colloidal  dimensions 
average  approximately  50  millionths  of  a  millimeter  and  extend  down  to 
about  3  MM*  This,  of  course,  is  beyond  the  range  of  visibility  in  the 
ordinary  microscope.  Just  to  give  you  an  idea  of  this  matter,  if  1  cu.  in. 
of  platinum  is  reduced  to  a  sheet  five  molecules  thick,  it  will  cover-  7 
acres;  you  can  imagine  the  amoimt  of  surface  involved  when  metal,  or 
anything  else,  is  subdivided  to  so  high  a  degree.  Of  course  five  molecules 
thick  is  a  little  below  the  limits  of  the  colloidal  dimensions. 

The  statement  is  made  in  the  paper  that  ''metals  and  alloys  might  be 
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regarded  as  jellies  and  sponge-like  structures."  Of  course  that  is  not 
absolutely  true,  because,  at  certain  stages,  metals  are  rather  aggregations 
of  crystals  surrounded  by  some  kind  of  a  matrix.  But  when  metals  or 
alloys  are  chilled  suddenly  there  is  not  the  degree  of  crystallization  ordi- 
narily found  in  the  ordinary  commercial  metals. 

It  is  very  difficult  to  make  examinations  in  masses  of  metals.  About 
9  or  10  years  ago,  I  did  some  work  showing  the  effect  of  colloidal  sub- 
stances, such  as  glue,  etc.,  on  the  crystallization  of  ordinary  salts,  like 
sodium  chloride,  etc.  If  ordinary  sodium  chloride  is  mixed  with  a" small 
per  cent,  of  gum  arable  and  allowed  to  crystallize,  the  most  interesting 
branching  forms  are  obtained,  which  at  once  reminded  me  of  a  great  many 
of  the  so-called  crystal  forms  seen  in  the  photomicrographs  of  aUo3^.  It 
appears  that  wherever  there  is  a  crystallization  tendency  it  is  possible,  by 
the  presence  of  other  substances,  to  modify  that  tendency  so  that  the  final 
result  is  something  between  what  the  metal  or  the  salt  would  have 
done  had  the  influencing  substances  been  absent,  and  some  other  extreme, 
which  has  not  yet  been  determined.  In  any  event,  crystallization  is 
very  powerfully  influenced  by  other  substances.  Now,  whether  the 
action  is  physical  or  chemical,  or  whatever  you  wish  to  call  it,  the  fact 
of  the  matter  is  that  wherever  an  ordinary  salt,  like  sodium  chloride, 
starts  to  crystallize,  you  can  influence  its  whole  crystallization  by  adding 
to  it  a  little  gum  arable  or  similar  colloid. 

It  seemed  to  me  that  a  similar  condition  must  be  true  in  metals.  I 
have  not  delved  into  the  whole  question  of  metals;  I  know  very  little  about 
them,  but  the  analogies  are  so  strong  that  it  seems  a  very  promising 
field  of  investigation,  and  the  only  difficult  question  is  the  preparation  of 
the  proper  samples  of  investigation  so  as  to  go  further  than  just  using  the 
ordinary  microscope  on  the  metals.  We  should  see  whether  we  cannot 
get  some  information  by  means  of  an  instrument  that  will  render 
visible  particles  smaller  than  are  shown  by  the  ordinary  microscope. 
You  might  raise  the  question,  are  these  particles  crystalline  particles  or 
not?  My  answer  to  that  would  be  that  I  do  not  believe  we  can  ever 
know  with  absolute  certainty.  Since  they  are  smaller  than  a  wave  length 
of  light,  they  never  will  have  any  apparent  size  or  shape;  they  simply 
will  vary  in  brilliance  and  in  apparent  size.  Consequently,  the  particle 
itself  can  never  be  resolved,  although  it  may  be  made  visible.  There  is  a 
big  difference  between  visibility  and  resolvability.  Besides,  substances 
like  glue  and  gum  arable  have  the  power  not  only  of  altering  crystalliza- 
tion but  of  preventing  crystallization.  There  must  be  an  analc^ous 
condition  in  the  case  of  metals  and,  from  simply  glancing  through  the 
metallurgical  literature,  I  have  seen  numerous  cases  which  point  to  that 
very  fact. 

As  an  illustration,  I  have  some  samples  of  transparent  soap  that  were 
prepared  about  9  or  10  years  ago.    Transparent  soap  has,  in  a  way,  some 
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peculiarities  that  offer  a  strong  analogy  to  metals.  A  piece  of  this  soap 
was  melted  in  a  pot  over  the  kitchen  stove  and  one  part  was  cooled 
relatively  slowly;  the  other  part  was  cooled  off  quickly.  When  examined 
with  the  ultra  microscope,  the  one  that  had  been  chilled  very  quickly 
showed  practically  no  ultramicrons;  it  was,  practically  speaking,  homo- 
geneous. The  piece  that  had  been  slowly  cooled  showed  a  large  number 
of  ultramicrons.  When  examined  about  3  or  4  years  later,  no  ultra- 
microns  were  visible  in  the  quickly  cooled  piece,  which  was  apparently 
as  homogeneous  as  before,  but  in  the  slowly  cooled  pieces  there  were 
crystals  visible  under  low  power.  There  is  also  a  big  difference  between 
the  two  pieces  of  soap  even  today. 

Paul  D.  Merica,*  Washington,  D.  C.  (written  discussionf). — The 
study  of  the  effect  of  degree  of  dispersion  of  solid  solutions  in  alloys 
seems  to  hold  forth  most  interesting  possibilities.  Until  recently  only 
one  example  of  an  alloy  solution  of  varying  dispersion  of  the  solute 
was  well  known  to  metallurgists;  that  of  cementite  (FesC)  in  alpha,  or 
perhaps  in  alpha  plus  beta,  iron.  According  to  one  theory  of  the  harden- 
ing of  steel,  the  changes  taking  place  during  the  tempering  of  steel 
are  due  tq  the  progressive  coalescence  of  this  cementite  from  particles  of 
almost  atomic  size,  in  martensite,  to  colloidal  particles  of  larger  size  in 
troostite  and  sorbite,  and  finally  to  particles  of  size  sufficiently  large  to 
be  visible  under  the  microscope,  in  granular  pearlite.  As  the  average  size 
of  particle  of  cementite  increases,  the  hardness  of  the  con^omerate  dimin- 
ishes and  the  electrical  conductivity  increases. 

I  have  recently  studied  another  alloy  series  in  which  also  a  solid 
solution  occurs,  apparently  in  different  degrees  of  dispersion.  This  is  the 
binary  system:  copper-aluminum,  in  which  a  solution  of  approximately 
4  per  cent,  of  copper  as  CuAU  in  solid  aluminum  is  formed  at  about 
600®  C.  The  solubility  of  the  CilA.U  in  alui^inum  diminishes  with  decreas- 
ing temperature;  consequently  such  an  alloy,  when  quenched  from  500®  C, 
is  supersaturated  with  respect  to  CuAU.  During  the  tempering  of  the 
quenched  alloy  at  about  200®  C,  as  all  evidence  seems  to  indicate,  the 
excess  particles  of  CuAU  coalesce  just  as  do  those  of  cementite,  forming 
progressively  larger  and  larger  ones. 

Just  after  quenching,  when  the  solution  is  still  presumably  in  atomic 
dispersion,  it  is  quite  soft,  as  the  coalescence  progresses  during  tempering, 
the  hardness  first  increases  to  a  maximum  and  then  diminishes  again. 
There  is  apparently  a  certain  degree  of  dispersion  which  produces  maxir 
mum  hardness  in  this  solution,  one  in  which  the  particles  are  greater  than 
when  in  atomic  dispersion. 

It  is  to  be  hoped  that  the  introduction  of  the  use  of  the  ultra-violet 
microscope  and  of  the  ar-ray  diffraction  "microscope"  for  the  study  of 
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the  structure  of  metals  and  alloys  may  make  possible  further  systematic 
study  of  the  effect  of  degree  of  dispersion  upon  the  ph3rsiciELl  properties  of 
solid  solutions. 


Standards  for  Brass  and  Bronze  Foundries  and  Metal-finishing  Processes 

Discussion  of  the  paper  of  Lillian  Erskine,  presented  at  the  New  York  meeting, 
February,  1919,  and  printed  in  BuUetin  No.  146,  February,  1919,  p.  263. 

Jesse  L.  Jones,*  Pittsburgh,  Pa. — I  would  like  to  ask  Miss  Erskineif 
down-draft  has  been  used  in  any  of  the  foundries  where  heavy  fumes 
have  to  be  removed,  instead  of  the  overhead  draft? 

L.  Erskine. — The  system  of  overhead  draft  to  remove  heavy  fumes 
has  been  very  much  more  successful.  The  entire  efforts  of  the  New 
Jersey  Department  of  Labor  in  regard  to  stabilizing  conditions  in  the 
foundry  are  the  result  of  the  physical  examination  of  the  foundryman 
himself  on  first-hand  information  as  to  the  prevalence  of  the  minor 
ailments  and  the  bad  timekeeping  that  naturally  accompanies  them. 
These  ailments  are  a  factor  in  not  only  increasing  the  labor  turnover 
but  in  increasing  the  percentage  of  bad  work  as  well.  The  physical 
exertion  of  the  foundryman  himself  is  of  course  an  important  factor. 
In  certain  standard  shops  the  amount  of  energy  expended  runs  from 
11  to  13  tons  of  foot-pounds  of  energy  a  day.  In  certain  shops  on  piece 
work,  I  found  a  record  of  the  energy  expended  per  day  to  nm  as  high  as 
22  tons.  In  one  shop,  during  the  war  period,  the  management  established 
a  bonus  system,  and  the  men  increased  their  output  from  60  to  100  molds 
a  day.  The  result  was  an  increase  of  some  60  per  cent,  in  output,  and 
an  increase  of  400  per  cent,  in  defective  castings. 

The  question  of  the  physical  exertion  in  the  unsanitary  foundries,  of 
course,  is  very  much  complicated  by  other  factors,  for  which  reason 
the  department  has  devoted  a  good  deal  of  attention  to  estimating  what 
is  a  reasonable  exertion  in  a  sanitary,  well  ventilated  foiindiy.  We  have 
met  certain  physical  difficulties  in  the  brass  foimdries  that  the  iron 
foundries  did  not  have.  All  that  information  is  available  through  our 
Bureau  of  Industrial  Information.  The  question  of  the  physical  energy 
exerted  by  the  molder  is  found  to  have  a  very  distinct  bearing  on  the 
question  of  contracts,  for  the  possibility  of  increasing  production  is 
balanced  by  the  extra  overhead  involved. 

Jesse  L.  Jones. — I  would  like  to  ask  if  any  evidence  has  been  noticed 
of  carbon-monoxid  poisoning  among  the  employees  of  the  foundries. 

L.  Erskine. — I  have  had  some  very  interesting  cases  of  carbon- 
monoxid  poisoning  among  the  employees.    These,  however,  were  due 
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to  an  incidental  condition,  which  was  rapidly  corrected.  But  we  have 
all  had  the  experience  that  during  the  last  3  years  the  procuring  of 
material  and  men,  and  the  general  question  of  upkeep  is  not  on  a  standard 
basis,  so  that  in  many  instances  the  question  of  establishing  a  natural 
ventilating  system,  by  even  so  crude  a  method  as  knocking  out  a  section 
of  the  wall,  has  been  necessary,  tn  some  instances  this  has  produced 
much  more  satisfactory  results,  I  must  admit,  than  some  of  the  mechan- 
ical ventilating  systems  that  have  been  devised  by  inexperienced 
engineers. 

G.  H.  Clameb,*  Philadelphia,  Pa. — I  should  like  to  ask  Miss  Erskine 
if  there  have  been  any  installations  directly  connected  with  the  molds, 
for  exhausting  the  atmosphere,  as  compared  with  exhausting  the  entire 
atmosphere  of  the  foundry?  In  the  foundry  with  which  I  am  connected 
we  pour  our  molds,  as  they  do  in  most  foundries,  over  the  whole  floor  and 
a  great  many  of  our  alloys  are  of  very  high  content;  therefore  it  would  be 
very  desirable  if  we  could  get  some  means  of  exhausting  the  atmosphere 
just  at  the  point  at  which  the  metal  is  poured.  We  have  never  been  able 
to  figure  out  an  arrangement  that  has  been  satisfactory. 

L.  Erskine. — ^To  install  a  ventilating  system  directly  over  the  pouring 
flow  has  proved  very  satisfactory.  It  has  been  done  by  dropping  a 
metal  curtain,  which  practically  surrounds  the  pouring  area;  and  by 
installing  an  auxiliary  fan  in  the  monitor,  it  has  been  found  that  the  fumes 
axe  readily  started  in  the  direction  desired.  The  trouble  with  most  of 
the  monitors  is  that  they  have  been  used  for  lighting  purposes,  and  that 
where  the  width  exceeds  20  per  cent,  of  the  foundry's  width,  they  have 
given  unsatisfactory  results.  Dropping  the  metal  curtain,  with  a  narrow 
enough  monitor  in  which  the  windows  are  properly  regulated,  I  think 
will  give  very  satisfactory  results. 


Results  of  Cement  Plugging  for  Exclusion  of  Bottom  Water  in  the 

Augusta,  Kansas,  Field 

I>i8cussion  of  the  paper  of  H.  R.  Shtobl,  presented  at  the  New  York  meeting, 
February,  1919,  and  printed  in  BvUetin  No.  142,  October,  p.  1613. 

MowRY  BATES^t  Tulsa,  Okla. — In  the  first  part  of  this  paper  the 
author  says :  "  In  an  unpublished  paper  on  Water  Problem  in  the  Augusta 
Field,  S.  K.  Clark  reaches  the  following  conclusions:  (1)  That  the  great 
amount  of  water  present  is  bottom  water,  occurring  in  the  Vamer  sand, 
the  main  producing  or  the  2500-ft.  horizon.  (2)  That  the  only  striking 
connection  between  structure  and  water  is  in  the  area  of  the  marked 


*  First  Vice-president  and  Secretary,  Ajax  Metal  Co. 
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fault  on  the  Ralston,  E.  C.  Varner,  and  F.  Vamer  leases  in  sections 
8,  9,  16  and  17." 

That  paper  must  have  been  written  a  long  time  ago  becaiise  prac- 
tically all  of  the  producing  wells  are  in  water  now  and  were  on  structure, 
that  is  on  the  sides  of  the  numerous  domes  found  in  the  El  Dorado  and 
A-ugusta  fields.  They  are  now  practically  all  making  water  and  the 
water  occurs  in  the  lime  where  the  oil  is  mostly  found.  The  oil  is  forced 
out  by  a  hydraulic  flow,  there  is  no  gas  in  the  producing  zone  at  all. 
The  lower  wells  strike  water  first;  the  ones  highest  up  on  the  structure 
will  make  entirely  oil.  As  the  oil  is  taken  out  the  water  flows  up  the 
structure.  The  Shumway  lease,  of  which  I  suppose  you  have  all  heard, 
has  produced  up  to  date  enough  oil  to  fill  a  tank  3^  mi.  square  and 
7  ft.  deep  from  the  porous  lime  formation,  which  is  more  oil  than  the  lime 
usually  contains.  That  lease  is  practically  all  water  today  aiid  I  do  not 
see  how  they  can  shut  the  water  off  by  plugging. 

Eugene  Coste,*  Calgary,  Alta. — ^My  experience  is  that  in  many 
cases  you  cannot  avoid  the  water.  If  the  water  is  in  the  sand  itself,  the 
only  thing  you  can  do  is  not  to  drill  too  deep  into  the  sand.  If  yon 
have  drilled  too  deep,  sometimes  it  is  possible  to  plug  the  bottom  water 
and  in  that  way  so  minimize  the  trouble  that  the  water  becomes  an 
advantage,  for  a  little  water  is  really  an  advantage. 

There  are  two  main  things  to  avoid  in  these  water  troubles:  First,  the 
water  from  above,  to  avoid  which  one  must  be  sure  that  the  casings  are 
tight  and  set  at  the  right  depth;  they  should  be  cemented  if  necessary 
before  drilling  into  the  oil  sand.  That  is  an  easy  thing  to  do  with  a  little 
patience  and  care.  Second,  the  most  important  thing  is  to  avoid  water 
trouble  from  the  outside  of  the  field.  This  outside  water  comes  from  wells 
beyond  the  pool,  in  the  dip  mostly,  but  sometimes  not  in  the  dip.  The 
state  should  intervene  on  those  weUs  that  are  just  water  wells,  and  should 
compel  the  operators  to  plug  a  well  before  abandoning  it.  The  operators 
themselves  inside  the  fields  will  easily  overcome  all  the  other  water 
troubles  which  will  not  affect  the  total  production  of  the  field.  Although 
certain  particular  leases  may  get  too  much  water  as  the  oil  becomes 
exhausted,  yet  the  field  as  a  whole  will  not  be  affected. 

MowRY  Bates. — ^About  two  weeks  ago  we  asked  some  of  the  opera- 
tors in  the  mid-Continent  field  who  had  been  plugging  the  wells,  what 
the  effect  had  been.  They  said  the  production  was  increased  for  a  very 
short  time.  But  it  seems  to  me  that  if  this  oil  is  produced  on  an  anti- 
cline, and  it  is  pretty  well  established  now  that  it  is,  and  as  the  pressure 
is  practically  hydraulic  pressure  at  the  rate  of  0.4  lb.  per  foot  of  depth 
except  in  a  very  few  cases  of  synclinal  oil,  as  fast  as  you  extract  the  oil  the 
water  must  ascend.    As  for  plugging  a  well,  you  only  plug  about  7  in.  and 

*  President  and  Chief  Engineer,  Canadian  Western  Natural  Gas,  Light  &  Povcr 
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generally  there  are  about  6  acres  around  each  well  through  which  water 
can  pass.    You  cannot  stop  the  ascent  of  the  water. 

When  you  take  out  the  oil,  the  water  is  going  to  follow.  You  can 
plug  an  individual  well  or  a  dry  hole  that  is  making  water  and  save  it 
for  a  very  short  time,  but  only  for  a  short  time.  That  is  absolutely 
proved  in  the  Gushing  field,  where  some  of  the  wells  were  plugged.  The 
production  was  increased  about  50  per  cent,  at  the  time,  but  it  is  down 
again  and  all  the  wells  make  just  as  much  water  now  as  before,  though 
some  of  them  were  cemented  over.  This  is  true  in  all  cases  of  the  Bartles- 
ville  sand  but  some  of  the  wells  that  were  making  water  from  the  Tucker 
sand  have  been  successfully  plugged  as  there  is  a  break  between  the 
sands. 

A.  W.  Ambrose,*  Washington,  D.  C. — ^In  California  they  had  very 
good  success  in  the  Coalinga  District  and  elsewhere  by  co5peration  be- 
tween the  companies.  As  a  result,  in  certain  wells  that  were  considered 
hopelessly  gone  to  water,  it  was  possible  not  only  to  shut  off  the  water 
but  to  increase  the  production.  When  you  consider  that  a  driller  can 
never  pick  up  a  break  of  a  few  inches  unless  the  break  has  some  charac- 
teristic feature,  I  fail  to  see  how  it  would  be  possible  to  pick  up  a  3-in. 
shale  break  at  a  depth  of  2200  ft.  in  a  well  drilled  by  a  rotary. 

MowRY  Bates. — While  working  for  the  Gulf  company,  I  was  author- 
ized to  stop  a  well  and  test  it.  I  washed  it  out  for  about  2  hr.,  then 
moved  the  bit  for  5  or  10  min.,  and  then  washed  it  again.  It  cost  the 
company  a  lot  of  money,  but  I  was  trying  at  that  time  to  get  some  samples 
for  the  Geological  Survey. 

A.  W.  Ambrose. — ^Another  way  is  to  put  a  core  bit  on  the  bottom 
of  your  rotary  drill  pipe;  otherwise,  I  do  not  see  how,  when  you  wash, 
where  you  have  2000  or  3000  ft.  of  open  hole,  you  are  going  to  pick  up 
such  a  small  shale  break,  as  the  shale  above  may  cave  in  and  show  in 
the  washings.  Take  the  Eldorado  Augusta  case:  Many  of  the  com- 
panies have  no  record  but  the  thickness  of  the  oil  sands.  They  do  not 
know,  for  instance,  whether  in  the  50-ft.  producing  horizon  there  are 
one,  two,  or  three  breaks  or  one  unbroken  producing  horizon.  The 
companies  there  have  everything  to  gain  and  nothing  to  lose  by  co- 
operation, which  has  proved  very  successful  in  California.  In  the 
Kern  River  field,  some  wells  were  producing  as  high  as  15,000  bbl.  of 
-water  per  day  by  the  aid  of  air  compressors  in  order  to  get  40  or  50  bbl. 
of  oil.  Some  of  these  compressors  must  have  cost  anywhere  from 
S200,000  to  $300,000.  When  the  compressors  were  first  used,  operators 
lifted  a  small  quantity  of  water;  then  the  flow  of  water  increased  as  the 
flow  channels  in  the  sand  opened  and  soon  the  old  compressors  had  to  be 
replaced  for  newer  and  larger  ones.    By  co5perating  and  spending 

*  Petroleum  Technologist,  U.  8.  Bureau  of  Mines. 
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about  15000  to  trace  the  source  of  that  water  and  connecting  one  well, 
it  was  possible  to  junk  several  thousand  dollars  worth  of  compressors. 

I.  N.  Knapp,*  Ardmore,  Pa. — My  experience  is  that  it  is  bad  prac- 
tice to  wash  out  a  well  at  any  particular  point  to  determine  the  forma- 
tion. It  is  extremely  difficult  in  rotary  drilling  to  get  reUable  samples 
of  the  material  as  it  is  passed  through.  If  clear  or  turbid  water  is  used, 
the  cuttings  tend  to  dissolve  or  separate  by  the  jigging  action  of  the 
ascending  circulation,  and  the  heavy  particles  tend  to  lodge  in  the 
irregularities  in  the  waUs  of  the  well  between  the  end  of  the  casing  and 
the  bottom  of  the  hole.  In  such  cases  it  is  very  difficult  to  find  any 
material  in  the  overflow  from  which  to  judge  of  the  formation  throu^ 
which  the  drill  is  passing.  If  a  heavy  mud  is  used  there  is  much  less 
dissolving,  separating  and  mixing  of  the  drill  cuttings,  and  on  washing  out 
a  sample  from  the  mud  overflow,  particles  may  be  found  that  fairly 
indicate  the  material  just  drilled  through. 

If  you  wish  to  get  an  accurate  well  log  with  samples  of  an  unconsoli- 
dated formation  at  any  particular  horizon  with  the  rotary  it  is  necessary 
to  take  a  core.  This  is  a  pretty  hard  proposition  but  I  have  accomplished 
it.  I  have  taken  out  as  much  as  12  ft.  of  core  at  a  time.  It  is  difficult 
to  get  a  soft  core  out  of  the  core  barrel  and  lay  it  out  on  the  ground 
without  considerable  breakage,  but  I  did  get  some  pieces  2  and  3  ft. 
long.     The  material  was  very  friable  and  easily  broken  with  the  fingers. 

I  have  been  told  of  a  device  that  has  been  in  practical  operation  in 
the  Baku,  Russia,  oil  field  for  some  time  that  will  pick  up  an  accurate 
sample  of  the  formation  from  the  walls  of  wells  drilled  intmconsolidated 
formations  at  any  selected  point  between  the  end  of  the  casing  and 
the  bottom  of  the  well.    Such  a  device  is  greatly  needed  in  this  country. 

I  have  had  top  and  bottom  water  troubles  in  fields  where  the  oil  sands 
themselves  were  satiu'ated  with  oil  only  and  this  without  a  trace  of  water. 
If  the  top  water  in  such  cases  was  efficiently  shut  off  in  the  first  place 
there  was  no  future  trouble.  The  bottom  water  after  once  being  definitely 
located  could  not  cause  trouble  unless  deliberately  drilled  into.  We  have 
heard  a  great  deal  about  water  in  the  same  sand  with  the  oil  and  of  mud- 
ding  and  cementing  this  afternoon  but  no  reference  has  been  made  to 
Texas  and  Louisiana  conditions  and  practice.  What  has  been  said  does 
not  seem  to  agree  with  the  practice  down  there. 

MowBY  Bates. — I  would  like  to  return  to  what  Mr.  Ambrose  has 
said.  I  cannot  see  why  plugging  one  well  is  going  to  shut  off  6  or  7 
acres  of  sand.  It  will  shut  off  the  water  up  to  the  level  of  the  oil,  but  as 
the  oil  comes  out  the  water  comes  up. 

A.  W.  Ambrose. — We  are  arguing  on  different  points.  You  are 
assuming  that  the  water  occurs  in  the  oil  sand  while  I  am  assuming  that 

it  may  not  be. 

•Mechanioal  Engineer. 
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MowRY  Bates. — ^It  is  in  the  mid-Continent  field. 

A.  W.  Abcbrose. — ^That  same  thing  was  contended  by  the  oil  operators 
in  California  until  they  were  shown  that  there  was  a  separation  between 
the  oil  and  the  water  sands.  When  they  plugged  off  the  water,  they 
found  there  was  a  break  that  had  never  been  considered,  and  the  point  is 
whether  or  not  similar  conditions  hold  in  Augusta« 

MowRT  Bates. — I  do  not  think  they  do. 

I.  N.  Knapp. — ^A  bulletin  recently  issued  by  the  Smithsonian  In- 
stitution^ contains  a  section  on  petroleum  and  a  section  on  natural  gas. 
The  writer  of  the  petroleum  section  claims  that  so  long  as  the  ownership 
of  oil  in  the  ground  is  determined  by  vertical  property  boundaries, 
arbitrarily  dividing  a  geologic  unit  or  reservoir  into  many  parts,  just  so 
long  will  there  be  hurried  production  with  all  its  train  of  waste  and  losses. 
The  writer  of  the  natural-gas  part  claims  gas-field  operating  conditions 
should  be  regarded  as  a  natural  monopoly  and  that  it  is  a  primary  need 
of  the  industry  to  have  mandatory  pooling  of  field  operations,  coupled 
with  an  adequate  market  price. 

It  would  be  a  fine  thing  for  the  operator  to  individually  control  all 
the  land  in  any  one  oil  or  gas  pool  or  reservoir.  It  would  ultimately 
result  in  the  landowner  getting  more  royalty  and  in  the  conservation  of 
both  oil  and  gas  and  also  lower  the  [cost  of  production.  I  am  fearful 
that  all  the  oil  and  gas  in  our  country  will  be  exhausted  before  such 
conditions  can  be  brought  about. 

Eugene  Costb. — The  great  trouble  of  water  in  the  oil  and  gas  fields 
is  due  to  the  careless  man,  the  one  who  wants  to  pull  out  his  casings  and 
sell  them,  or  the  one  who  relies  too  much  on  the  drillers  and  does  not 
assure  himself  that  the  casings  are  properly  set  in  the  right  place,  and 
properly  cemented  when  necessary.  A  carefiU  operator  will  take  the 
necessary  precautions  to  have  his  casings  right  but  when  a  careless  man 
on  another  lease  does  not  case  off  properly,  he  communicates  the  different 
water  sands  with  the  oil  sand  either  from  above  or  below.  I  think  the 
sands  from  above  are  especially  dangerous.  When  a  man  pulls  out  all 
his  casings  and  does  not  have  his  well  properly  plugged,  the  greatest  dan- 
ger is  from  the  fresh  water  sands.  The  fresh  water  from  above  is  the 
most  dangerous  because  it  gets  the  weight  of  the  thousands  of  feet  be- 
tween the  surface  and  the  oil  sand,  which  can  often  easily  overcome  the 
pressure  in  that  sand. 

I  entirely  agree  with  the  gentleman  who  recommends  cooperation 
among  the  operators,  but  would  include  also  cooperation  and  regulation 
by  the  state — ^regulation  by  an  authority  that  can  make  the  operator  give 


^  See  Smithsonian  Institution,  United  States  National  Museum,  BtdL  102,  Pt.  6. 
Petroleum:  A  Resource  Interpretation;  Pt.  7.  Natural  Gas:  Its  Production,  Service 
iuid  Conservation. 
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the  proper  information  to  the  inspector  so  that  he  can  do  his  work 
intelligently.     If  that  is  done,  it  will  save  millions  of  dollars  worth  of  oil. 

Even  after  a  field  has  been  used  for  many  years,  no  strong  hydraulic 
pressure  is  found  to  interfere  with  production.  We  know  that  absolutely 
because  gas  fields  with  original  pressures  of,  say,  1000  lb.  have  had  very 
little  trouble  with  water,  when  the  proper  precautions  were  taken,  even 
when  the  pressure  had  declined  to  50  lb.  in  the  field,  and  even  down  to 
nothing. 

The  Chairman  (David  White,*  Washington,  D.  C). — The  use  of 
the  terms  "primary"  and  "secondary"  as  incorporated  in  this  paper 
tends  to  create  confusion  on  account  of  the  use  of  the  terms  in  the  discus- 
sion of  the  chemical  composition  of  oil-field  waters.  However,  in  attempt- 
ing to  suggest  substitutes,  one  encounters  the  difficulty  of  length  and 
cumbersomeness  of  such  substitute  terms  as  indigenous  or  autochthonous, 
but  he  might  use  foreign  and  native  waters. 

I  feel  that  the  studies  which  have  been  made  from  the  chemical  stand- 
point of  the  oil-field  waters — G.  S.  Rogers  is  carrying  on  such  studies 
now — tend  to  show  great  value  in  the  analysis  of  the  waters  with  refer- 
ence to  detecting  their  origin.  Top  waters,  such  as  those  described, 
should  be  readily  identified  by  their  analyses. 


Natural-gas  Storage 


Diflouasion  of  the  paper  of  L.  S.  Pantitt,  presented  at  the  New  York  meeting,  Feb- 
ruary, 1919,  and  printed  in  BiUletin  No.  145,  January,  1919,  p.  23. 

L.  S.  Panyitt. — I  made  inquiries  from  the  Smith  and  Dunn  people, 
who  are  the  originators  of  the  compressed  air  and  gas  method  of 
increasing  the  production  of  oU  wells,  as  to  how  much  pressure  the  sand 
will  stand;  that  is,  relative  to  the  original  rock  pressure.  They  tell  me 
that  they  have  not  been  able  to  show,  up  to  date,  any  pressure  in  a 
sand  greater  than  the  original  pressure,  t  have  also  made  a  statement 
to  that  effect,  but  I  am  really  dubious  as  to  whether  that  is  right,  as  I 
am  not  sure  that  you  cannot  get  a  greater  pressure.  HoweVer,  I  think 
that  a  greater  pressure  would  be  dangerous  because  it  might  cause  a  loss 
of  gas. 

C.  H.  SHAW,t  Lawton,  Okla. — In  regard  to  the  gas  that  was  put  into 
the  pool  up  in  New  York  State,  may  it  not  be  possible  that,  on  account  of 
errors,  etc.,  in  measuring  or  computing,  there  is  a  mistake  in  the  apparent 
fact  that  more  gas  was  gotten  out  than  was  put  in? 

L.  S.  Panyitt. — Unfortunately,  I  have  not  the  papers  I  expected  from 
those  people  to  show  the  actual  conditions,  but  I  do  not  doubt  that  such 

^M    ■   -n  IIIIW  II  II  I  -  ■  I  !!■■■  Illllllll  IMIB  111     H^l       III  Mil     I        IM   M^^      M    ■11    ■    ■      MM     I  IB^I     ■■      ■  M       I      ■        ■  ■ ~ ^^-^^  ^  — 
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an  error  might  exist.  It  is  possible  that  the  renewed  action  and  pres- 
sure in  the  well  might  have  caused  some  sort  of  commotion  there  that 
produced  a  little  more  gas  than  was  obtained  before. 

Thb  Chairman  (David  Whitb,*  Washington,  D.  C). — The  New 
York  storage  was  limestone. 

.L.  S.  Pantity. — It  was  limestone;  they  call  it  a  flint  rock,  though, 
I  believe.  It  is  in  the  western  part  of  New  York  and  is  on  a  dome  struc- 
ture called  flint  field.     They  have  no  other  name  for  it. 

Chairman  White. — Was  the  gas  measured  at  the  storage  well  both 
going  "  in  "  and  "  out  ?  "  Assuming  that  your  well  storage  is  in  a  different 
sand  from  that  producing  your  gas,  did  you  ever  make  an  analysis  of 
your  incoming  and,  again,  of  the  outgoing  gas,  to  show  what  difference 
there  might  be? 

L.'S.  Panyity. — I  have  not  obtained  those  figures. 

Eugene  CosTB,t  Calgary,  Alta. — I  am  glad  that  this  subject  has  been 
brought  before  the  Institute,  because  it  is  a  practical  subject;  I  have 
used  such  a  storage  in  exhausted  sands  for  many  years  with  success. 
The  Welland  field  in  Ontario  is  30  years  old,  covers  a  large  area,  and  the 
gas  sands  are  close-grained  sands.  Parts  of  the  field  have  exhausted 
because  the  gas  was  first  obtaiiied  in  these  parts  and  the  wells  have  been 
used  constantly  for  30  years.  In  the  newer  parts,  where  we  got  the  gas 
later,  we  had  a  stronger  pressure.  For  years,  in  the  summer  time,  when 
we  did  not  require  high-pressure  wells,  we  turned  the  gas  into  low- 
pressure  wells  and  know  that  we  have  obtained  a  larger  quantity  of  gas 
in  the  winter  time  by  that  method. 

This  method  was  suggested  to  me  by  the  action  of  a  well  south  of 
Buffalo,  which  we  used  to  call  Big  Zoar  Well.  It  belonged  to  the  United 
Co.  piping  gas  from  Pennsylvania  to  Buffalo  and  was  close  to  their  main 
line.  The  gas  was  in  a  limestone,  filled  with  flint  of  the  Corniferous 
formation.  It  was  a  large  well,  15,000,000  cu.  ft.,  but  it  would  get  down 
to  about  800,000  cu.  ft.  after  a  few  days  of  use.  As  it  was  very  much 
nearer  Buffalo  than  the  main  supply  in  Pennsylvania,  this  well  was  kept 
closed  in  until  we  had  a  long  cold  spell  causing  gas  pressure  to  drop  too 
low.  Then  the  Big  Zoar  Well  was  turned  in  and  it  wotild  help  the  Buffalo 
Company  to  get  over  the  cold  spell  nicely.  Immediately  the  pressures 
picked  up  again  the  company  would  close  the  well  in.  In  that  way  it 
was  found  that  this  well  was  a  splendid  storage  and  was  worth  hundreds 
and  thousands  of  dollars  to  that  company.  That  gave  us  the  idea  of  do- 
ing the  same  thing,  using  the  storage  in  the  Canadian  field  of  the  more  or 
less  exhausted  parts  of  the  field.  For  years  now,  we  have  transferred  gas 
from  one  part  of  the  field,  which  was  under  pressures  of  say,  300  lb.  to 

•  
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another  part  under  pressure  of  100  lb. ;  also  from  3000-f t.  wells  where  gas 
was  obtained  into  another  limestone,  the  Trenton,  where  we  had  lOOO^t. 
pressure.  These  we  often  kept  feeding  in  the  upper  rock.  We  measured 
the  wells  and  know  that  after  thus  feeding  in  them  for  a  while  the  low- 
pressure  weUs  would  recover  a  great  deal  and  that  instead  of  measuring 
200,000  to  400,000  cu.  ft.  they  would  measure  up  to  1,000,000  cu.  ft.  or 
more.  In  that  way  we  were  in  better  shape  to  meet  the  cold  weather 
the  following  winter.  It  wouldn't  be  s\u*prising  if  by  that  method  one 
could  obtain  a  little  more  gas  from  the  low-pressure  part  of  the  field  than 
would  otherwise  be  possible.  I  mean  of  its  own  gas,  of  the  gas  belonging 
to  these  parts  of  the  fields  because  in  that  way  the  gas  has  a  chance 
to  flow  under  higher  pressure,  or  compression,  for  a  longer  period. 
Everybody  knows  that  as  the  pressure  goes  down,  the  friction  increases, 
so  that  where  the  gas  couldn't  travel  at  all  and  enter  the  well  under 
the  low  pressure,  by  building  the  pressure  around  that  well  up  to,  say, 
200  lb.  the  gas  will  come  in,  because  the  friction  will  be  less  at  the  higher 
pressure.  In  that  way,  not  only  will  one  recover  all  the  gas  put  in,  but 
some  that  could  not  be  gotten  otherwise. 

L.  S.  Pantity. — There  may  be  some  diflSculty  in  getting  the  land 
needed  for  such  purposes.  There  is  no  doubt  that  it  will  be  a  hard  thing 
to  do  with  three  or  four  operators  in  a  certain  field,  without  their  coopera- 
tion. Besides,  it  will  be  hard  to  acquire  the  land  if  the  owners  know 
what  you  want  to  use  it  for.  I  think,  however,  that  diflSculty  can  be 
overcome  for  a  small  fee,  or  by  the  promise  to  the  owner  of  a  certain 
amount  of  free  gas. 

I.  N.  Knapp,*  Ardmore,  Pa. — I  believe  the  free-gas  conditions  of  a 
lease  should  have  some  definite  limit.  Unconditional  ''free  gas"  leads 
to  abuses  and  great  waste.  For  lease  or  other  considerations,  as  rights 
of  way,  it  should  be  limited  to  amounts  to  be  determined  by  meter  meas- 
urements or  by  specifying  the  number  of  gas  lights  allowed  and  if  for 
fuel  use  by  specifying  the  number  and  size  of  the  mixers  allowed. 


Economic  and  Geologic  Conditions  Pertaining  to  the  Occurrence  of  Oil 
in  the  North  Argentine-Bolivian  Field  of  South  America 

Discussion  of  the  paper  of  Stanley  C.  Herold,  presented  at  the  New  York  meetini:, 
February,  1919,  and  printed  in  BvUetin  No.  141,  September,  1919,  p.  1503. 

Eugene  CosTE,t  Calgary,  Alta. — Evidently  in  Argentine  they  have 
a  petroliferous  province  just  east  of  the  Andes  where  very  much  the  same 
conditions  exist  as  are  found  on  the  east  side  of  the  Rocky  Mountains 
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and  in  the  plains  adjacent.  It  strikes  me,  though,  that  the  same  mistake 
is  being  made  in  Argentine  in  the  exploration  for  oil  as  was  made  in 
Alberta,  Canada;  viz.,  drilling  the  wells  too  near  the  seepages  in  the  belt 
in  the  eastern  part  of  the  petroliferous  province,  too  necg*  the  mountains. 
This  same  mistake  was  made  in  Alberta,  with  disastrous  results;  viz., 
only  fissure  production  was  found.  The  strata  so  near  the  mountains 
are  tilted  at  a  very  strong  angle,  such  as  is  described  in  this  paper,  and 
the  dislocations  are  intense.  On  the  other  hand,  we  have  foimd  that 
when  we  get  100  or  200  mi.  away  from  the  moimtains  we  get  into  oil  and 
gas  belts  which  are  very  prolific.  So  far  our  fields  in  Alberta  have  been 
gas,  but  in  Wyoming,  as  you  know,  they  get  many  thousands  of  barrels 
a  day.  I  have  no  doubt  that  conditions  in  Argentine  are  exactly  similar 
but  that  they  have  so  far  kept  too  near  the  mountains  and  that  they  want 
to  explore  the  belts  farther  east  to  obtain  better  results. 

Mo  WRY  Bates,*  Tulsa,  Okla. — In  Oklahoma  we  have  a  very  similar 
condition;  in  the  southeastern  part  of  the  state  there  is  a  decided  uplift 
with  highly  folded  and  faulted  country.  In  this  we  have  the  Fort  Smith 
gas  field  of  Arkansas  where  you  get  only  gas.  To  the  east  of  this  field 
are  the  great  areas  of  asphaltic  sandstone;  some  distance  to  the  west 
there  are  indications  of  oil  and  to  the  northwest  are  the  oil  fields.  This 
would  indicate  a  partial  distillation  in  the  ground.  This  is  fairly  close 
to  the  original  oil  field  which  bears  out  your  statement. 

Eugene  Coste. — May  I  refute  that  idea  of  partial  distillation? 
I  thind  it  can  easily  be  proved  that  there  is  no  such  thing  as  partial 
distillation.  Taking  Alberta,  for  instance;  in  the  deep  syncline  we  have 
many  regions  absolutely  undistilled  but  full  of  gas.  There  never  was 
in  these  strata  heat  enough  to  cause  the  slightest  distillation  as  shown 
by  the  coals  and  lignites  in  these  strata  which  are  entirely  undistilled. 


Effect  of  Cold-working  and  Rest  on  Resistance  of  Steel  to  Fatigue  under 

Reversed  Stress 

Discussioii  of  the  paper  of  H.  F.  Moore  and  W.  J.  Putnam,  presented  at  the  New 
York  meeting,  February,  1919,  and  printed  in  BvUetin  No.  146,  February,  1919, 
p.  391. 

James  E.  Howard,!  Washington,  D.  C.  (written  discussiont). — It 
is  a  pleasure  to  participate  in  the  discussion  of  a  paper  on  the  endurance 
of  steel  to  repeated  alternate  stresses.  For  many  purposes  the  prime  and 
only  function  of  the  metal  is  to  resist  strains  and  stresses:  stresses  of 
long  duration  in  one  direction  only;  stresses  that  alternate  between  a 
maximum  and  a  minimum  in  one  direction;  and  stresses  of  different  de- 
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grees  in  reversed  directions.  Such  stresses  represent  Bome  of  the  condi- 
tions  th&t  steel  must  meet  in  service,  tests  upon  which  furnish  data  of 
unusual  interest  and  importance. 

Experimental  research  has  been  directed  more  commonly  up<m  re- 
versed stresses  than  upon  those  acting  in  one  direction.  The  ease  with 
which  reversed  stresses  may  be  applied  to  experimental  bars  has  prob- 
ably influenced  the  mamier  of  carrying  out  this  class  of  tests.    In 


Fto.  1, — Repeated  aTSEaa-TBBTiNo  machine  dbsiqnedbt  J.  E.  Howabd,  nsEit  d 
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or  the  uachin'e  while  in  operation,  rouR  ctundkicai.  babs,  1  ik.  diamstee  bt 
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general,  it  has  been  convenient  to  apply  reversed  stresses  in  such  a 
manner  that  the  strains  of  tension  and  compression  have  the  same  values. 

Repeated  stress  tests,  approaching  some  of  the  conditions  of  service 
experienced  by  steel,  occupy  an  advanced  position  in  laboratory  testa 
on  the  physical  properties  of  materials.  They  aid  in  showing  the 
absolute  and  relative  values  of  different  steels  under  certain  conditirais 
of  service,  relations  that  ordinarily  are  not  established  by  tests  made  under 
specifications  governing  the  acceptance  of  the  material. 

The  endiurance  of  steel  of  high  stresses,  in  one  direction  only,  of  long 
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duration,  seldom  made  the  subject  of  direct  test,  is  well  illustrated 
in  music  wire.  In  the  higher  octaves  of  pianofortes  of  modern  scales, 
the  wires  remain  under  constant  tension  considerably  exceeding  150,000 
lb.  per  sq  in.  (10,545  kg.  per  sq.  cm.).  Fatigue,  as  commonly  under- 
stood,  does  not  appear  to  be  known  in  cases  of  constant  loads  acting 
in  one  direction,  or  but  few  examples  have  been  met.  The  fractures 
of  music  wire  usually  take  place  where  vibratory  waves  are  interrupted. 
Without  being  called  upon  to  do  much  mechanical  work,  steel  under 
constant  load  is  capable  of  endiu*ing  very  high  stresses. 

Fatigue  fractures  are  expected  to  occur  when  steel  is  employed  in 
doing  mechanical  work.  The  amount  of  work  that  a  steel  bar  will  per- 
form depends  on  the  magnitude  of  the  straining  forces.  High  stresses 
lead  to  early  rupture.  The  results  of  experimental  research  indicate  that 
steels  will  endure  certain  lower  ranges  in  stresses  indefinitely;  it  remains 
for  direct  investigation  to  establish  the  upper  limits  of  those  zones  with- 
in which  the  different  grades  of  steel  are  practically  indestructible. 

Notwithstanding  the  fact  that  the  chief  function  of  most  steels  is 
to  endure*  repeated  stresses  of  some  kind,  very  meager  information  has 
yet  been  experimentally  acquired  upon  the  ability  of  steel  to  endure  the 
stresses  of  every-day  occiurence.  This  information  is  needed  to  es- 
tablish rational  limits  of  loads  on  engineering  structures.  The  primitive 
properties  of  steels  are  modified  according  to  their  chemical  composition, 
and  also  by  heat  and  mechanical  treatment.  It  is  generally  assumed, 
but  without  warrant,  that  the  primitive  physical  properties,  however 
they  may  be  attained,  are  indicative  of  the  ability  of  the  steel  to  endure 
service  stresses  of  different  degrees  of  intensity  arid  of  long  or  short 
duration.  There  are  those  who  place  reliance  on  the  aid  of  the  microscope 
and  judge  from  the  microstructure  of  the  steel  its  ability  to  meet  differ- 
ent service  requirements  involving  strains  and  stresses. 

The  one  physical  constant  that  has  been  shown  to  bear  a  relation, 
standing  as  a  limiting  value,  to  repeated  stresses  is  the  elastic  limit  of 
the  steel.  It  follows  by  no  means,  however,  that  it  is  safe  to  approach 
close  to  that  limit;  neither  does  it  appear  to  have  been  ascertained  by 
what  means  the  elastic  limit  and  other  physical  properties  shall  be  ac- 
quired in  order  to  best  meet  prolonged  stresses.  While  the  elastic 
limit  is  regarded  as  the  upper  limit  of  permissible  stress,  it  is  not  certain 
on  the  one  hand  that  the  actual  intensity  of  stress  at  the  point  of  rupture 
by  fatigue  does  not  exceed  that  value,  while  on  the  other  hand  there 
are  few,  if  any,  engineering  examples  of  any  size  in  which  local  strains  do 
not  exist  in  excess  of  the  elastic  limit.  Methods  of  test  capable  of  fur- 
nishing direct  data  upon  the  fitness  of  the  steel  to  endure  service  condi- 
tions must  perforce  include  features  to  which  the  steel  is  exposed  in 
service,  and  it  may  be  permissible  to  add  that  probably  reliable  data  must 
be  obtained  in  this  manner.    The  last  part  of  the  preceding  sentence  is 
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very  sweeping  since  it  carries  the  idea  that  tests  adequate  to  show  the 
ability  of  the  steel  to  endure  service  stresses  must  be  made  in  kind  to  the 
conditions  that  prevail  in  service. 

In  conducting  tests  having  such  ultimate  objects  in  view^  it  is  desir- 
able to  acquii^  information  upon  the  phases  through  which  the  steel 
passes  during  exposure  to  stresses  that  finally  result  in  rupture.  Such 
considerations  lead  to  a  choice  of  apparatus  in  making  the  tests.  Tests 
on  repeated  stresses  conducted  by  the  writer  at  the  Watertown  labora- 
tory were  inaugurated  in  1888,  impressing  into  service  temporary  appara- 
tus. It  was  decided  to  use  cylindrical  shafts  measuring  1  in.  (2.5  cm.)  in 
diameter  by  33  in.  (82.5  cm.)  long  in  order  to  have  a  test  bar' of  sub- 
stantial size.  For  a  certain  length  of  time  the  test  bars  were  loaded  on  a 
single  bearing  at  the  middle  of  their  length.  Later,  an  appropriation 
was  available  for  a  repeated-stress  machine,  designed  by  the  writer,  which 
was  built  and  put  into  operation  in  1892.  This  machine,  shown  in  the 
accompanying  illustration,  was  designed  to  accommodate  four  bars 
under  one  kind  of  test  and  two  under  another  kind. 

It  was  held  desirable  to  use  a  double  bearing  for  loading  the  test  piece  at 
the  middle  of  its  length,  in  order  to  apply  a  uniform  bending  load  over  a 
part  of  its  length.  From  center  to  center  of  the  double  middle  bearing, 
the  distance  was  4  in.  (10  cm.).  The  grooved  form  of  tensQe  test  piece 
was  discarded  on  account  of  objections  to  a  form  of  specimen  that  had 
no  length  of  minimum  section.  In  a  bar  subjected  to  repeated  stresses, 
it  was  considered  even  more  desirable  to  have  an  appreciable  length 
exposed  to  uniform  bending  stresses  than  a  length  of  net  section  in  the 
case  of  a  tensile  test  piece.  Prof.  Sondericker,  at  the  Massachusetts 
Institute  of  Technology,  used  shafts  1  in.  in  diameter,  in  which  the  loads, 
as  described  by  Prof.  Lanza, ^  ''were  so  applied,  that  a  certain  portion, 
greater  than  10  in.  in  length,  was  subjected  to  a  uniform  bendingmoment." 
Prof.  Sondericker's  investigations^  included  ''the  determination  of 
elastic  changes,  resulting  from  repeated  stresses,  and  the  influence  of 
such  changes  in  producing  fracture."  Regarding  the  results,  it  was 
stated  that  "the  effect  of  rest  is  to  decrease  the  amount  of  set.  In  most 
cases,  however,  the  set  lost  is  soon  regained,  when  the  bar  is  again 
subjected  to  repeated  stress,  especially  in  the  case  of  the  harder  steels." 

For  the  Watertown  laboratory  equipment,  a  high-speed  DeLaval  steam 
turbine  was  procured,  in  order  to  conduct  tests  at  speeds  approaching 
vibratory  movements;  some  500  or  more  rotations  per  second.  A 
rotating  shaft  appears  to  afford  the  only  opportunity  for  conducting 
tests  at  high  speeds  in  which  acceleration  of  the  mass  of  the  specimen 

^  Gaetano  Lanza:  "Applied  Mechanics,"  534.  New  York,  John  Wiley  &  Scms, 
1910. 

>  Jerome  Sondericker:  A  DcBcription  of  Some  Repeated  Stress  Experiments^ 
Technology  Quarterly  (1892)  6,  70;  Repeated  Stresses.    Op.  cU,  (1899)  1%  h. 
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does  not  interpose  as  an  obstacle  to  attaining  a  uniform  distribution  of 
the  loads.  High-speed  tests  conducted  in  this  manner  become  introduc- 
tory to  tests  on  impact,  and  were  so  intended.  There  are  two  phases  to 
be  considered  in  tests  on  impact,  one  having  to  do  with  elastic  move- 
ments not  involving  permanent  sets,  and  one  in  which  permanent  sets 
are  involved  and  constitute  the  major  effects.  The  writer's  severance 
of  his  connection  with  the  Watertown  laboratory  brought  these  con- 
templated tests  to  a  close.  The  testing  apparatus  was  dismantled  soon 
thereafter  and  it  is  believed  has  not  been  reassembled.  The  results  of 
the  Watertown  tests  are  included  in  the  reports  entitled  "Tests  of  Metals," 
1888  to  1908,  inclusive.  These  tests,  a  little  over  400  in  number,  included 
cast-iron  and  wrought-iron  bars,  bars  from  muck-bar  axle,  bars  from 
carbon-steel  and  nickel-steel  ingots,  cold-drawn  and  cold-rolled  steel, 
ordinary  hot-rolled  steel  bars  in  compositions  ranging  from  about  0.10 
to  1.10  per  cent,  carbon,  bars  from  steel  rails,  and  heat-treated  bars.  The 
fiber  stresses  employed  ranged  from  10,000  to  60,000  lb.  per  sq.  in. 
(703  to  4218  kg.  per  sq.  cm.).  The  tests  were  made  at  temperatures 
ranging  from  about  freezing  up  to  700*^.  (372°  C),  with  speeds  of  rotation 
from  400  to  2200  rev.  per  min.  There  were  tests  that  were  continuous, 
that  is  running  the  shafts  day  after  day  during  working  hours,  and  tests 
in  which  different  periods  of  rest  occurred;  tests  in  which  the  same  fiber 
stress  was  used  throughout  and  those  in  which  different  fiber  stresses  were 
employed  on  the  same  shaft.  There  were  also  tests  on  bars  that  were 
annealed  at  intervals  and  nickel-steel  bars,  3  to  5  per  cent,  nickel  and 
those  of  about  27  per  cent,  nickel.  Deflections  and  deflection  sets  were 
measured  during  the  progress  of  the  tests.  The  total  number  of  repeti- 
tions of  loads  on  the  different  bars  ranged  from  a  few  thousand  rotations 
to  upward  of  200,000,000.  A  subsequent  examination  was  made  of 
certain  of  the  bars,  after  rupture  by  repeated  stresses,  to  ascertain  the 
effect  of  repeated  stresses  upon  the  properties  of  the  metals,  from  sections, 
exposed  to  the  maximum  fiber  stresses,  adjacent  to  the  place  of  rupture, 
ajid  comparison  bars  remote  therefrom. 

Among  the  leading  thoughts  entertained  in  conducting  these  repeated 
stress  tests  were  those  concerning  the  manner  in  which  ruptiu'e  is  ap- 
proached: Through  what  phases  the  metal  passes  from  its  primitive  state 
to  that  of  final  rupture;  what  features  contribute  toward  increased  life  of 
the  metal;  whether  the  effects  of  repeated  stresses  are  cumulative,  even- 
tually reaching  that  stage  in  which  rupture  is  certain  to  take  place; 
ivhether  the  effects  of  earlier  stresses  can  be  effaced  and  the  life  of  the 
steel  prolonged  indefinitely  by  occasional  annealing  or  other  treatment 
whereby  the  steel  is  restored  to  its  primitive  state;  to  what  extent  internal 
strains  are  introduced  andtheir  mannerof  action;  whether  intense  internal 
local  strains  are  set  up  which  eventually  lead  to  the  separation  of  adjacent 
particles  and  therefore  start  the  nucleus  of  rupture;  whether  the  actual 
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intensity  of  stress  at  such  incipient  places  pf  rupture  is  represented  by  the 
apparent  fiber  stress  carried  by  the  bar,  or  whether  rupture  requires  a 
local  stress  approaching  the  primitive  tensile  strength  or  shearing  strength 
of  the  steel;  whether  microscopic  evidence  is  presented  of  the  approach  to 
rupture  in  the  fibers  most  strained;  whether  the  influence  of  elongation 
and  contraction  of  area  witnessed  in  the  primitive  tensile  tests  is  shown 
in  the  endurance  of  the  shafts  under  repeated  stresses,  the  greater  endur- 
ance of  the  shafts  at  the  higher  testing  temperatures  taken  in  connection 
with  the  increased  tensile  strength  of  steels  at  400^  to  600^  F.  seeming  to 
establish  some  relation  between  the  primitive  tensile  strength  and  the 
endurance  of  repeated  stresses.  These  and  other  thoughts  suggested  them- 
selves in  conducting  endurance  tests,  attaching  to  matters  which  seemed 
involved  or  relevant  to  the  subject  matter.  Many  of  these  questions 
would  have  to  be  solved  before  it  would  appear  feasible  to  write  an  equation 
that  would  be  serviceable  in  indicating  the  behavior  of  steels  when 
exposed  to  repeated  stresses. 

Laboratory  tests  afford  opportunities  not  present  in  the  service  use 
of  steels,  in  respect  to  control  of  conditions,  whereby  complete  infor- 
mation is  available  concerning  their  endurance  of  repeated  stresses. 
Elementary  features  associated  with  the  use  of  steels  in  service  admit  of 
examination  in  detail  in  the  laboratory.  If  features  are  recognized  in  the 
laboratory,  which  are  precursors  to  rupture,  it  will  give  encouragement 
that  a  rational  method  of  using  steels  in  service  may  eventually  be  arrived 
at.  One  of  the  paradoxes  of  current  engineering  practice  is  the  large 
amount  of  routine  testing  that  is  constantly  going  on  under  specifications 
that  are  ever  changing,  the  results  of  which  are  remotely  connected  with 
the  inherent  value  of  the  material  to  meet  service  conditions.  Slight 
consideration  has  been  given  the  effects  of  repeated  or  long-continued 
stresses  under  which  failures  occur,  notwithstanding  the  fact  that  the 
profession  has  been  in  possession  of  data  of  this  order  for  a  long  term  of 
years. 

J.  B.  KoMMBRS,*  Madison,  Wis.  (written  discussionf). — So  many 
questions  regarding  fatigue  phenomena  remain  unanswered  that  informa- 
tion of  the  kind  given  in  the  present  paper  is  very  welcome.  The  authors 
are  to  be  commended  for  the  attempt  to  answer  certain  questions  of  the 
greatest  practical  importance.  Tests  on  the  fatigue  of  metals  require  a 
great  deal  of  time  for  their  successful  prosecution,  and  the  investigator 
knows  before  he  begins  that  his  results  will  come  very  slowly.  It  is 
evident  that  if  mere  cold  working  has  a  marked  effect  on  fatigue  strength, 
a  very  simple  method  would  be  available  for  producing  the  desired  in- 
crease in  strength.  Again,  if  rest  has  a  marked  effect  on^  fatigue 
strength,  this  fact  could  be  easily  made  use  of  in  a  practical  way. 

♦  College  of  Mechanics  and  Engineering,  Univereity  of  Wisconsin, 
t  Received  Feb.  10,  1919. 
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It  may  be  well  to  recall  the  results  obtained  by  previous  experi- 
menters. Eden,  Rose  [and  (Cunningham,'  Rogers/  Boudouard/ 
J.  H.  Smith/  and  Reynolds  and  Smith/  foundj^that  annealing  steel 
specimens  decreased  their  fatigue  strength.  The  results  of  Stead  and 
Richards'  seem  to  show  that  annealing  increases  the  fatigue  strength. 
Rowett  found,  in  some  tests  on  the  hysteresis  of  steel,  thlEit  for  hard- 
drawn  tubes  the  hysteresis  was  only  about  one-eighth  of  that  for  the  same 
tubes  after  annealing.  This  would  imply  that  the  hard-drawn  tubes 
would  probably  withstand  a  greater  number  of  reversals  for  the  same 
applied  stress.  If,  therefore,  annealing  seems  to  decrease  the  fatigue 
strength,  evidently  mechanical  work  during  the  process  of  rolling  tends 
to  increase  the  strength. 

Referring  to  Table  2  and  Fig.  2,  attention  should  be  called  to  the  fact 
that  for  all  stresses  beyond  the  elastic  limit  the  nominal  stresses  calcu- 
lated are  stresses  that  do  not  actually  exist  in  the  specimen.  There  is 
considerable  evidence  showing  that  the  curve  determined  from  these 
stresses  and  plotted  on  logarithmic  paper  is  practically  straight  to  about 
1,000,0Q0  reversals.  There  is  also  evidence  showing  that  beyond  about 
1,000,000  reversals  the  curve  tends  to  bend  to  the  right.  The  curves 
drawn  in  Fig.  2  were  all  determined  from  results  that  were  within  490,500 
reversals,  and  for  that  reason  should  certainly  not  be  continued  beyond 
1,000,000  reversals.  This  illustration  makes  clear  the  tediousness  of 
determining  such  curves  for  large  numbers  of  reversals.  However,  they 
can  be  correctly  determined  only  by  actual  tests. 

In  some  tests  carried  out  by  the  writer  on  a  machine'  designed  by 
himself  and  built  at  the  University  of  Wisconsin,  he  found  that  when 
deflections  of  cantilever  specimens  were  plotted  on  logarithmic  paper 
against  cycles  necessary  for  rupture,  a  straight  line  resulted.  These  tests 
were  all  on  specimens  stressed  beyond  their  elastic  limits.  Here  again  it 
would  be  of  interest  to  know  whether  the  straight  line  determined  by 
these  tests  holds  for  deflections  and,  therefore,  stresses  within  the  elastic 


*E.  M.  Eden,  W.  N.  Rose  and  F.  L.  Cunningham:  The  Endurance  of  Metab. 
Proc  Inst,  of  Mech.  Engrs.  (1911)  Pts.  3  and  4,  839. 

^F.  Rogers:  Heat  Treatment  and  Fatigue  of  Steel.  Jnl,  Iron  and  Steel  Inst. 
(No.  I,  1905),  67,  486. 

*A.  Boudouard:  Testing  of  Metals  by  the  Abatement  of  Vibratory  Movements. 
Science  AhstraeU  (1911)  14,  98. 

*  J.  H.  Smith:  Some  Experiments  on  Fatigue  of  Metals.  JfU.  Iron  and  Steel  Inst. 
(No.  II,  1910)  82,  246. 

^Osborne  Reynolds  and  J.  H.  Smith:  Throw-testing  Machine  for  Reversals  of 
Mean  Stress.    Phil.  Trane.  Royal  Soc.  London  (1902)  A,  199,  265. 

'A.  W.  Richards  and  J.  E.  Stead:  Overheated  Steel.  JrU,  Iron  and  Steel  Inst. 
(No.  II,  1905)  68,  84. 

»  See  J.  B.  Johnson's  "  Materials  of  Construction,"  71,  New  York,  John  Wiley  & 
Sons,  1919.  ^ 
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limit.  If  this  can  be  shown  to  be  true,  it  will  be  of  the  greatest  interest 
and  importance,  because  it  would  make  possible  the  determination  of  the 
number  of  cycles  of  stress  necessary  to  cause  failure  at  stresses  within 
the  elastic  limit  by  the  comparatively  expeditious  tests  beyond  the  elastic 
limit.  The  writer  is  at  present  designing  a  machine  for  tests  within  the 
elastic  limit,  and  he  hopes  to  gather  some  information  in  an  attempt  to 
answer  some  of  the  questions  just  raised. 

It  may  be  well  to  point  out  that  the  straight  lines  determined  fiom 
deflection-cycle  curves  are  more  likely  to  hold  within  the  elastic  limit 
than  the  stress-cycle  curves,  because  the  deflections  actually  exist  in 
the  specimen,  but  the  stresses  calculated  by  the  other  method  do  not 
actually  exist. 

A  very  significant  thing  in  connection  with  Fig.  2  is  that  when  all 
the  straight  lines  are  extended  to  the  lefft  they  tend  to  coincide  to  a 
greater  or  less  extent.  This  is  borne  out  also  by  Table  2,  in  which  it  is 
shown  that  the  material  as  received,  with  a  low  elastic  limit  of  44,400  lb. 
per  sq.  in.  (3121  kg.  per  sq.  cm.),  can  withstand  6100  reversals  at  a  nomi- 
nal stress  of  70,900  lb.  per  sq.  in.  (4984  kg.  per  sq.  cm.),  while  the 
stretched  and  aged  material  with  a  high  elastic  Umit  of  72,800  lb.  per 
sq.  in.  (5117' kg.  per  sq.  cm.)  can  withstand  only  480  reversals  at  62,200 
lb.  per  sq.  in.  (4372  kg.  per  sq.  cm.).  If  the  artificially  raised  elastic 
limit  of  the  stretched  material  has  any  real  effect  on  fatigue  strength, 
the  material  should  be  able  to  bear  a  fairly  large  nimiber  of  reversals 
when  stressed  slightly  below  its  new  elastic  limit.  It  cannot  do  this, 
which  result  is  very  significant. 

One  reason  for  this  result  may  be  found  from  experiments  on  static 
test  specimens.  It  has  been  shown^^  that  when  a  piece  of  wrought  iron 
or  steel  is  subjected  to  overstrain  in  tension,  it  loses  its  elasticity  if 
immediately  reloaded  in  compression,  and  vice  versa.  In  the  present 
tests  the  material  was  subjected  to  reversed  stresses  and  a  high  elastic 
limit  in  tension  would  be  of  no  value  in  compression.  The  results  in 
Fig.  2,  therefore,  tend  to  show  that  the  artificial  raising  of  the  elastic 
limit  is  fictitious  as  far  as  increased  fatigue  strength  is  concerned. 

In  Fig.  3,  the  two  lines  do  not  converge  at  the  left  side  of  the  diagram 
as  in  Fig.  2.  However,  for  the  cold-rolled  material  it  is  seen  again  that 
at  stresses  slightly  below  the  elastic  limit  the  material  cannot  withstand 
very  many  reversals  before  rupture.  These  curves  are  very  much  like 
the  results  obtained  by  previous  experimenters,  and  the  fact  that  the 
straight  lines  converge  to  the  right  indicates  that  the  advantage  of  cold- 
rolling  may  be  only  temporary,  as  Prof.  Howe  has  suggested,"  and  may 


"Johnson's  "Materials  of  Construction,"  604-5,  661. 

"H.  M.  Howe:  Are  the  Effects  of  Simple  Overstrain  Monotropic?    Proc  Amer. 
Soc.  Test.  Mat.  (1914)  14,  Ft.  2,  35. 
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disappear  at  large  numbers  of  reversals.  It  would  be  very  desirable  to 
have  such  tests  carried  out  considerably  beyond  1,000,000  reversals. 

Comparing  Figs.  2  and  3,  there  is  unquestionably  a  difference.  It 
may  be  that  increasing  the  elastic  limit  by  cold-rolling  has  some  effect 
on  fatigue  strength,  but  that  increasing  the  elastic  limit  by  tension  has 
none.  In  this  connection  I  should  like  to  ask  whether  the  figures  for  ulti- 
mate strength  after  stretching,  in  Table  1,  are  based  on  the  original  area  or 
on  the  area  after  stretching.  Fig.  4  shows  results  such  as  are  usually 
obtained  in  comparing  annealed  and  cold-worked  steel. 

In  the  matter  of  effect  of  rest,  Reynolds  and  Smith"  found  that  rest 
from  3  days  to  4  months  did  not  increase  the  fatigue  strength.  Eden, 
Rose,  and  Cunningham"  frequently  stopped  their  machine  during  alter- 
nating-stresa  tests,  sometimes  for  all  night.  They  foxmd  that  these 
periods  of  rest  had  no  appreciable  effect.  J.  H.  Smith,  ^*  in  experiments 
on  stress-strain  loops,  found  that  during  a  period  of  rest  steel  which  had 
yielded  slightly  and  gave  a  stress-strain  loop  tended  to  approach  the 
primitive  condition  dm-ing  a  period  of  rest,  but  that  a  comparatively 
few  cycles  of  stress  were  sufficient  to  bring  back  the  original  loop.  Ma- 
son," in  some  tests  of  strain  measurements  during  alternating  stress, 
foimd  that  rest  seemed  to  improve  the  material  and  decrease  the  strain 
for  a  certain  stress;  but  that  applications  of  stress  again  effaced  this 
improvement.  These  tests  all  seem  to  indicate  that  if  there  is  any 
improvement  due  to  a  period  of  rest,  the  improvement  is  only  temporary 
and  is  soon  effaced  by  further  application  of  stress.  The  results  of  the 
present  tests  bear  out  the  conclusion  that  very  little  can  be  expected 
from  rest  in  increasing  fatigue  strength. 

In  connection  with  the  White-Souther  machine,  I  should  like  to 
ask  whether  the  authors  encountered  any  trouble  from  vibration.  In 
some  calculations  that  the  writer  has  made  in  connection  with  the  design 
of  a  fatigue-testing  machine,  he  found  that  any  eccentricity  of  the  speci- 
men, when  the  specimen  is  deflected  by  weights,  sets  up  serious  stresses 
due  to  the  acceleration  effects  at  high  speed. 


** Reynolds  and  Smith:  Op.  cU, 

^'Eden,  Rose  and  Cunningham:  Op.  cU. 

**J.  H.  Smith  and  G.  A.  Wedgwood:  Stress-strain  Loops  for  Steel  in  the  Cyclic 
State.     Jfd.  Iron  and  Steel  Inst.  (No.  I,  1915)  91,  365. 

^*  William  Mason:  Alternating  Stress  Experiments.  Proe,  Inst,  of  Mech.  Engrs. 
(Jan.-May,  1917)  121. 
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Use  of  Manganese  Alloys  in  Open-hearth  Practice 

Diflcuflflion  of  the  paper  of  S.  L.  Hott,  presented  at  the  New  York  meeting,  Febniaiyi 
1919,  and  printed  in  BuUetin  No.  146,  February,  1919,  p.  277. 

Samuel  L.  Hott. — ^^The  question  of  adding  the  ferroii|anganese  to 
the  ladle  or  to  the  furnace  involves  both  theoretical  and  practical  ques- 
tions and  its  discussion  might  very  easily  occupy  the  rest  of  the  day. 
One  of  the  points  to  be  kept  in  mind  is  the  desirabiUty  of  obtaining 
uniform  steel.  If  ferromanganese  is  added  to  the  ladle,  it  is  necessary 
first  to  melt  the  manganese  and  then  to  distribute  uniformly  throughout 
the  heat.  The  only  heat  available  for  this  purpose  is  that  of  the  molten 
steel  itself.  No  doubt  sufficient  heat  is  present,  but  in  our  desire  to 
pour  the  steel  as  quickly  as  possible  .there  is  hardly  sufficient  time  allowed, 
many  times,  for  the  proper  distribution  of  the  manganese.  In  other 
words,  this  is  an  operation  which  takes  a  certain  amoimt  of  time  and 
any  undue  shortening  of  the  time  allowed  must  affect  the  quality  and 
uniformity  of  the  steel. 

Again,  this  particular  method  does  not  lead  to  as  efficient  a  use  of 
the  manganese  as  might  be  desired;  a  contention  which  is  based  on 
theoretical  groimds.  In  concentrated  solution,  manganese  will  com- 
.pletely  reduce  all  the  ferrous  oxide,  the  presence  of  which  I  hypothecate 
and  produce,  as  the  reaction  product,  manganese  oxide.  In  dilute  solu- 
tion, the  manganese  only  partly  reduces  the  iron  oxide,  but  the  man- 
ganese oxide  which  does  form  dissolves  the  iron  oxide  in  simple  solution. 
The  dissolution  of  ferrous  oxide  in  the  manganese  oxide  will  result  in  a 
more  economical  utiUzation  of  the  manganese  and  an  equal  purification  of 
the  heat.  This  whole  point,  at  present,  has  not  been  definitely  proved 
and  its  answer  will  involve  very  difficult  research  work. 

On  the  other  hand,  if  the  manganese  is  added  to  the  furnace,  the  heat 
of  the  furnace  is  used  to  melt  the  aUoy  and  there  is  plenty  of  time  during 
tapping  for  the  manganese  to  be  very  uniformly  distributed  throughout 
the  steel.  By  distributing  the  alloy  throughout  the  charge  we  can  secure 
a  better  utilization  of  the  manganese  than  is  possible  if  the  addition  is 
made  to  the  ladle.  Certain  other  points,  such  as  the  recovery,  have  been 
dealt  with  at  greater  length  in  the  paper. 

The  practice  of  adding  manganese  in  the  molten  condition  to  the 
ladle  commends  itself  for  two  reasons,  considered  in  the  Ught  of  the 
present  discussion.  It  is  possible  to  pour  the  molten  ferromanganese  or 
molten  ^Spiegel  mixture  in  such  a  manner  that  it  unites  with  the  steel 
stream  so  that  at  no  time  is  there  a  considerable  excess  of  manganese. 
This  insures  a  proper  utilization  of  the  manganese.    Furthermore,  the 
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manganese,  at  the  same  time,  is  distributed  uniformly  throughout  the 
heat. 

The  Chaibman  (Henry  M.  Howe,  Bedford  Hills,  N.  Y.). — We  must 
admit  that  at  first  sight  the  addition  of  f erromanganese  in  the  ladle  seems 
to  be  an  economy:  Less  of  it  is  required  and  there  is  less  opportunity  for 
oxidation  and  loss.  But  if  you  are  making  cannon  or  other  superior  steel 
and  want  high  quality  there  can  be  no  doubt  that  the  addition  should  be 
made  in  the  furnace.  One  very  important  point  is  that  the  steel  in  the 
ladle  should  not  be  completely  molten.  This  is  shown  by  the  fact  that 
aU  good  practice  requires  that  steel  of  any  good  quality  should  leave  a 
considerable  skull  in  the  ladle,  and,  of  course,  the  metal  which  forms  this 
skull  is  not  only  below  the  liquidus  but  below  the  solidus.  This  almost 
necessarily  implies,  in  view  of  the  pretty  wide  gap  between  the  solidus 
and  the  liquidus,  that  the  steel  as  a  whole  is  below  its  liquidus.  This  in 
turn  implies  that  it  is  not  a  true  liquid,  but  an  emulsion  of  particles  of 
solid  steel  suspended  in  a  mass  of  molten  steel. 

If  under  these  conditions  you  throw  cold  solid  metal  into  the  ladle 
it  is  probable,  but  not  very  easy  to  show,  that  the  emulsion  will  imme- 
diately solidify  around  the  cold  ferromanganese  and  form  a  lump,  perhaps 
the  size  of  your  head,  of  ferromanganese  on  the  inside  and  soUd  steel  on 
the  outside.  Then  before  it  is  possible  to  diffuse  and  distribute  that 
manganese  it  is  necessary  to  melt  off  the  solid  steel  to  get  at  the  man- 
ganese. That  I  think  is  the  great  consideration.  If  you  are  going  in 
simply  for  economy  and  to  make  steel  as  cheaply  as  possible,  and  if  the 
cheapest  steel  is  as  good  as  the  public  needs,  by  all  means  add  the  ferro- 
manganese in  the  ladle;  but  if  you  want  to  make  really  good  steel  add  the 
ferromanganese  in  the  furnace. 

Frank  N.  Speller,*  Pittsburgh,  Pa. — The  addition  of  manganese  to 
the  open-hearth  bath  does  not  always  give  the  most  beneficial  results  in 
the  finished  product,  depending  on  what  operations  the  steel  is  put 
through  in  fabrication.  To  get  the  cleanest  steel,  no  doubt  additions  to 
the  furnace  give  the  best  results  due  to  the  more  thorough  mixture  and 
more  complete  removal  of  byproducts  of  deoxidation;  but  on  the  other 
hand  this  tends  to  produce  a  ''dry"  steel,  which  gives  rise  to  a  more 
rapid  crystalline  growth  and  tendency  to  overheated  structure  in  sub- 
sequent heating.  This  is  what  we  find  in  making  welds  with  steel  too 
hi^y  finished  either  by  this  or  other  means.  It  is  imsafe,  therefore, 
to  accept  the  statement  of  previous  speakers  without  reservations;  viz., 
that  to  get  the  best  results  the  manganese  additions  should  not  be  made 
in  the  ladle. 

Henry  Traphagen,!  Toledo,  Ohio. — Prof.  Hoyt  has  demonstrated 

that  a  satisfactory  manganese  content  can  be  obtained  in-  open-hearth 
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steel  by  the  use  of  these  low-grade  manganese  silicon  alloys.  In  fact, 
the  claim  seems  to  be  established  that  the  manganese  return  from  this 
material  is  higher  than  usual.  Does  this  mean  that  the  higher  manganese 
return  is  due  to  better  than  usual  melting  conditions,  or  does  it  mean  that 
the  manganese  in  these  alloys  is  below  par  in  deoxidizing  power?  1 
rather  incline  toward  the  latter  view,  for  I  have  invariably  found,  in 
practice,  that  the  lower  grades  of  manganese  alloys  were  deficient  in  this 
respect.  They  usually  show  a  high  yield  but  fail  to  properly  kill  the 
bath. 

The  heats,  under  Prof.  Hoyt's  management,  may  have  been  made 
under  ideal  conditions  and  the  amount  of  oxidation  kept  at  a  TninimiiTn, 
If  this  were  so,  then  80  per  cent,  ferromanganese  should  have  shown  a 
greater  than  usual  yield,  if  it  had  been  used.  But  if  these  low-grade 
alloys  consistently  show  a  higher  return  than  the  standard  ferroman- 
ganese, then  look  to  your  steel.  Be  certain  that  it  is  up  to  par,  not  in  one 
instance,  but  throughout  a  long  series  of  test  heats,  before  accepting 
low-grade  ferromanganese  as  the  solution  of  manganese  conservation. 

There  is  no  doubt  that  this  manganese  question  will  be  solved. 
But  when  it  is  solved,  we  shall  certainly  change  our  ideas  regarding 
the  amoxmt  of  manganese  necessary  in  good  steel,  for  we  will  find  that 
the  solution  lies  in  good  raw  materials  carefully  melted,  and  that  true 
conservation  will  result  from  the  knowledge  that  very  much  less  ferro- 
manganese per  heat  is  required.  But  this  will  never  happen  until 
quahty  becomes  our  national  watchword,  and  the  present-day  "pay  by 
the  ton,  get  the  stuff  out''  pohcy  is  no  more. 

S.  L.  HoYT. — I  would  like  to  ask  for  a  little  further  consideration  of 
that  last  point.  Would  you  mind  stating  the  reason  why  the  high  of 
percentage  of  manganese  should  give  better  steel? 

Henry  Traphagen. — 1  base  my  remarks  on  the  statement  that  the 
recoveiy  of  manganese  from  this  low-grade  material  is  so  high.  It 
appears  to  me  that  if  the  recovery  is  very  high  the  manganese  has  not 
been  doing  its  work.  Personally,  I  would  rather  have  the  manganese 
lost  under  certain  conditions  than  have  it  go  into  the  steel.  By  that  I  do 
not  mean  that  I  would  rather  see  the  manganese  thrown  into  the  slag  imd 
carried  out  into  the  dump,  but  I  would  like  to  see  the  manganese  utilised 
in  cleansing  and  quieting  the  steel,  rather  than  see  it  passed  into  the 
metal  along  with  a  mass  of  undecomposed  oxides. 

C.  L.  Kinney,  Jr.,*  South  Chicago,  111.  (written  discussion t)- — ^It 
is  obvious  that  the  subject  matter  of  Mr.  Hoyt's  comprehensive  paper 
can  only  be  briefly  discussed  upon  one  basis,  namely,  quality  of  product; 
and  this  basis  is  selected  in  the  conviction  that  the  steel  industry  will  be 
confronted,  year  by  year,  with  an  ever-increasing  need  of  meeting  more  diffi- 

*  Superintendent,  No.  1  Open  Hearth,  South  Works,  Illinois  Steel  Co. 
t  Received,  Feb.  15,  1919. 
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cult  ph3rsical  specifications.  It  follows,  then,  that  no  procedure  should  be 
considered  which  in  any  manner  handicaps  the  producer  in  meeting  these 
inevitable  demands.  Conversely,  any  method  that  will,  in  a  simple 
economical  manner,  produce  improvements  in  quality  should  be  given 
careful  consideration.  Further,  no  method  or  process  to  which  is  at- 
tached even  a  suspicion  of  sacrifice  of  quality  in  the  name  of  production, 
utilization,  or  conservation  should  be  considered  in  any  light  other 
than  that  of  commercial  retrogression. 

I  believe  it  is  generally  recognized  among  open-hearth  operators 
that  there  is  only  one  place  to  attain  quality,  and  that  is  in  the  fiu'nace. 
True,  the  steel  can  be  affected  by  improper  pit  operation  and  by  careless 
heating  and  rolling;  but  in  the  main  it  seems  the  ever-increasing  duty 
of  the  steel  producer  to  send  to  the  finishing  mills  a  product  that  can 
successfully  withstand  the  stresses  imposed  upon  it  by  modern  mill 
practice. 

It  now  becomes  a  question  of  method  of  attaining  this  degree  of 
quality  by  practices  applicable  to  plants  producing  large  tonnages  of 
basic  open-hearth  steel.  Preeminent  among  all  expedients  stands  the 
necessity  for  thorough  deoxidation,  and  the  correlated  fact  that  its  pro- 
ducts must  be  given  opportunity  to  escape  from  the  steel.  Can  one 
logically  assume  that  these  demands  are  met  when  a  bath  of  steel,  low 
in  residual  manganese  and  covered  by  a  basic  slag  canying  the  general 
percentage  of  oxides,  is  deoxidized  by  the  almost  archaic  method  of 
hurriedly  adding  a  few  hundred  pounds  of  deoxidizer  in  the  ladle  and 
inevitably  pouring  the  steel  almost  immediately?  I  am  sure  that  the 
answer  is  ''No."  It  therefore  follows  that  deoxidation  should  not  be  the 
grand  finale  of  the  process.  Rather,  it  must  be  an  integral  part,  function- 
ing continuously  from  the  period  when  the  bath  is  melted  and  slag 
formation  completed,  up  to  the  time  of  tapping,  and  at  this  time 
such  further  additions  may  be  made  as  are  indicated  by  the  chemical 
composition  sought.  Under  these  conditions  there  is  apparently  but 
one  metal  that  will  function  properly  and  economically,  and  that  is 
manganese. 

Assuming  the  preceding  hypotheses  to  be  sound,  the  problem  becomes: 
''in  what  form  can  this  manganese,  derived  from  domestic  ores,  be  most 
economically  and  efficiently  introduced  into  the  bath?''  Certainly  not 
in  the  form  of  spiegel  or  any  other  manganese-silicon  alloy,  since  the  use 
of  either  in  this  manner  implies  additional  melting  costs  and,  further,  the 
silicon  of  the  manganese-silicon  alloy  used  in  the  basic  bath  becomes  an 
added  burden  to  a  process  already  overloaded  with  this  element.  "By 
the  use  of  these  ores  direct  in  the  open-hearth  furnace?"  Perhaps, 
although  here  one  is  also  limited  by  the  silica  content,  which,  if  excessive, 
will  unduly  increase  slag  volumes  and  consequently  be  followed  by  higher 
iron  and  manganese  losses.    Apparently  the  alternative  lies  only  in  the 
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use  of  these  ores  by  the  blast  furnaces,  and  a  production  therefrom  of 
irons  canying  a  high  percentage  of  manganese  (2.50  to  3.00)  accompanied 
by  silicons  of  0.50  to  0.75  per  cent,  and  a  maximum  phosphorus  of  O.400 
per  cent.  This  latter  maximum  is  a  purely  arbitrary  assumption,  since 
no  opportunity  has  presented  itself  to  the  writer  for  observations  of  the 
characteristics  of  this  element  above  0.350  per  cent.  It  is  apparent  that 
this  plan  of  operation  must  show  manganese  recoveries  commercially 
comparable  with  present  practice,  and  commensurate  with  the  necessity 
or  desirability  of  utilizing  these  ores.  •  A  comparison  of  this  nature  must 
not  be  confined  to  the  pounds  of  manganese  per  ton  of  ingots  produced  in 
in  the  open  hearth,  but  must  also  reflect  the  enhanced  profit  to  the  plant 
as  a  whole,  which  undoubtedly  will  come  from  lower  rejections  and  de- 
creased chipping  costs,  to  which  must  be  added  that  intangible  important 
asset,  good  ¥fill,  which  comes  only  from  a  satisfied  clientele  of  customers. 

Exactly  what  may  be  expected  in  the  basic  open-hearth  plants  opera- 
ting with  an  iron  of  this  nature  is  difficult  to  state  positively  without 
the  accumulation  of  a  large  amount  of  quantitative  data.  However, 
experience  at  one  plant  working  a  1.90  per  cent,  manganese  iron  has 
indicated  fairly  economical  manganese  recoveries,  combined  with  very 
marked  decreases  in  rejections  and  sulfur  content  of  steel.  It  is  pertinent 
to  add  at  this  point  that  95  per  cent,  of  all  heats  investigated  for  residual 
manganese  carried  a  5  per  cent,  initial  ore  charge,  the  remaining  5  per 
cent,  ranging  from  9  to  12  per  cent,  ore;  that  neither  minimum  nor  maxi- 
mum residuals  appear  in  the  high-percentage  ore  column;  and  that  one 
12  per  cent,  ore  heat  shows  a  constant  residual  of  0.31  per  cent.,  which 
is  four  points  above  the  average  of  0.27  per  cent.  From  this,  it  seems 
fair  to  assume  that,  with  a  certain  degree  of  manipulative  care,  it  is  not 
impossible  to  obtain  reasonably  fair  recoveries  of  metallic  oxides  from 
primary  slags  before  wasting  them  from  furnaces. 

Inspection  of  data  derived  from  twenty-five  heats  made  at  different 
periods,  without  in  any  great  degree  departing  from  standard  practice, 
reveals  the  following  facts:  (1)  That  residual  manganese  at  0.30  per 
cent,  predominates  throughout  a  period  extending  from  complete  melt  to 
tap.  (2)  That  0.35  per  cent,  has  been  attained  in  three  cases,  and  in  only 
one  has  it  fallen  to  0.19  per  cent.,  with  an  average  of  0.27  per  cent.  (3) 
That  generally  with  FeO  and  MnO  in  the  slag,  approximating  15  and  12 
per  cent,  respectively,  the  average  residuals  prevailed,  provided  the  CaO 
content  did  not  fall  below  44  or  45  per  cent.  (4)  That  the  high  residuals 
were  almost  invariably  the  accompaniment  of  a  CaO  content  of  47  to  50 
per  cent.,  with  no  sharply  marked  increase  of  the  MnO,  but  did  apparently 
bear  some  indirect  relation  to  a  proper  degree  of  slag  fluidity.  (5)  That 
these  residuals  persisted  at  carbons  as  low  as  0.04  per  cent.  (6)  That 
there  was  a  very  marked  decrease  in  the  sulfur  content  of  the  steel  and  abo 
in  the  finishing-mill  rejections. 
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These  heats  wer^  made  under  conditions  far  from  ideal  for  the  most 
efficient  manganese  recovery,  for,  due  to  siliceous  fluxes  and  refractories, 
plus  high-silicon  iron  (1.25  per  cent.),  slag  volumes  were  in  excess  of 
what  the  best  practice  along  these  lines  demands;  and  due  to  a  low  grade 
of  gas  coal,  temperature  control  was  practically  absent. 

From  the  viewpoint  of  an  exact  scientific  investigation,  the  data,  on 
which  is  based  this  method  of  utilizing  these  low-grade  domestic  ores, 
may  appear  somewhat  fragmentary,  yet  the  conclusions  drawn  are  sub- 
stantiated by  results  attained  by  many  others  who  have  worked  on  a  large 
scale  along  identical  lines.  So  I  feel  little  or  no  hesitancy  in  saying  that 
given  a  high-manganese  iron  (of  previously  outlined  composition)  com- 
bined with  the  lowest  possible  extraneous  silica  from  fluxes  and  refrac- 
tories and  a  fuller  appreciation  on  the  part  of  the  open-hearth  personnel 
of  the  importance  of  slag  manipulation  and  control,,  residual  manganese 
may  be  driven  to  and  held  at  0.40  per  cent.,  that  the  additions  of 
high-percentage  manganese  alloys  from  this  point  on  will  be  mainly  a 
function  of  chemical  specifications,  plus  the  necessity  of  making  up  some 
small  volatilization  losses  that  occur  when  tapping,  and  that  these  addi- 
tions need  be  only  in  such  amounts  that  there  will  be  foimd  not  only  a 
material  economy  in  manganese  in  the  high  percentage  alloys  derived 
from  foreign  ores^  but  a  reasonable  recovery  from  the  domestic  ores  and 
the  certainty  of  a  more  perfect  final  product. 

J.  R.  Cain,*  Washington,  D.  C.  (written  discussionf). — This  paper 
by  Prof.  Hoyii  is  a  contribution  to  a  field  of  investigation  that  has 
been  somewhat  neglected;  namely,  that  important  stage  of  steel  manufac- 
ture known  as  deoxidation.  Undoubtedly  the  more  extended  paper  he 
has  promised  will  throw  much  light  on  the  particular  deoxidation  prac- 
tices he  has  studied  at  several  works  and  will  make  accessible  much 
valuable  data  that  has  been  unavailable. 

His  paper  deals  with  two  particular  forms  of  manganese  for  deoxida- 
tion and  two  combinations  of  manganese  and  silicon  for  the  same 
purpose  and  .his  work  shows  how,  even  with  the  use  of  comparatively 
few  deoxidizing  substances,  or  combinations,  many  procedures  can  be 
developed.  The  deoxidizing  metals  known  to  be  useful  for  this  purpose 
in  the  steel  industry  are:  silicon,  aluminum,  manganese,  titanium, 
and,  to  some  extent,  magnesium  and  vanadimn.  If  these  are  combined 
two  at  a  time,  a  new  set  of  deoxidizers  is  available;  if  ternary  or  quaternary 
alloys  are  made,  other  sets  with  new  properties  are  obtained.  If  such 
deoxidizers  are  applied  with  some  of  the  variations  in  practice  frequently 
used  (such  as  in  the  quantity  used,  premeltingof  the  deoxidizer,  addition 
in  the  ladle  or  in  the  furnace  or  both,  treatment  in  stages  using  a  different 
kind  of  deoxidizer  at  each  stage,  etc.)  it  can  be  seen  that  the  steel  maker 

*U.  S.  Bureau  of  Standards.  f  Received  Feb.  18,  1919. 
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has  available  a  great  number  of  deoxidation  processes,  many  of  which 
have  never  been  tried.  Moreover,  there  is  a  strong  probability  that 
manganese,  silicon,  aluminum,  titanium,  magnesium,  and  vanadium  are 
not  the  only  elements  available  for  deoxidation.  Some  yet  untried  may 
be  even  better  for  the  purpose.  Quite  likely,  too,  valuable  properties  can 
be  imparted  to  the  steel  by  new  variations  in  deoxidation  practice. 

The  war  has  emphasized  our  military  need  for  a  systematic  study  of 
deoxidation  to  save  manganese,  of  which  the  country  lacks  a  sufficient 
amount  within  itself  for  the  steel  industry.  Any  interruption  during  war 
to  importation  of  manganese  ore  would  be  fatal  if  processes  were  not  at 
hand  for  using  less  nlanganese,  lower  percentage  ferro,  or  substitutes. 
Work  along  these  lines  was  undertaken  during  the  war  by  the  Bureau  of 
Mines,  Biu'eau  of  Standards,  and  National  Research  Council,  in  cooperation 
with  steel  companies^  and  it  is  hoped  that  this  work  may  be  continued, 
particularly  on  the  broader  lines  of  a  scientific  study  of  deoxidation  and  of 
new  deoxidizers. 

Viewing  the  subject  historically,  it  is  evident  that  the  adoption  of 
the  deoxidizing  agents  at  present  in  use  was  the  result  of  practice  devel- 
oped more  or  less  without  scientific  knowledge  of  the  mode  of  action  of  the 
deoxidizer.  Even  now  the  exact  chemical  changes  affected  by  the 
deoxidizer  are  not  known.  In  fact,  the  very  name  ''deoxidiser" 
indicates  lack  of  exact  knowledge.  Actually,  as  will  be  shown  by  some 
papers  soon  to  be  published  by  the  Bureau  of  Standards,  the  deoxidizer 
exerts  but  Uttle  influence  on  the  oxygen  content  of  a  steel — at  least  in  so  far 
as  this  is  determined  by  some  of  the  frequently  used  methods.  Part  of 
the  trouble  lies  in  these  methods,  as  will  also  be  shown  by  future  Bureau 
papers,  but  the  important  point  is  that  the  deoxidizing  alloy  is  redly 
added  to  remove  the  spongy  structure  of  the  metal  due  to  gases.  The 
exact  nature  of  the  gases  and  how  they  are  affected  by  the  deoxidizer 
has  never  been  satisfactorily  determined  in  a  thorough  and  convincing 
manner,  although  numerous  workers  have  thrown  much  light  on  various 
phases  of  the  subject. 

The  Bureau  of  Standards  is  now  attempting  to  develop  methods 
for  determining  the  gases  in  steel  that  are  affected  by  the  deoxidizer. 
These  methods  will  then  be  applied  to  the  anal3rsis  of  steels  in  various 
stages  of  their  manufacture,  so  that  eventually  some  idea  maybe  gained  as 
to  the  relative  efficiency  of  different  commercial  methods  of  deoxidation 
in  accomplishing  what  they  are  intended  to  do;  namely,  removing  or 
eliminating  the  effect  of  gaseous  impurities  in  steel.  Other  work  is 
imder  way  with  the  idea  of  trying  new  deoxidizers  and  deoxidation 
methods  on  small  heats  of  steel  made  under  experimental  conditions. 
The  progress  of  the  deoxidation  will  be  followed  by  gas  analysis  of  the 
metal,  and  the  physical  properties  of  the  steels  will  be  fully  determined 
after  forging,  roIUng,  and  heat-treating  as  commercially  practised. 
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The  foundation .  for  intelligent  cooperation  in  this  work  between 
various  governmental  agencies  has  been  laid  during  the  war,  and  it  is 
hoped  that  this  cooperation  may  continue  along  with  an  increasing  degree 
of  interest  on  the  part  of  steel  manufacturers,  who  will  be  aided  in  their 
work  by  every  step  in  the  investigations. 


Certain  Ore  Deposits  of  the  Southwest 

Discussion  of  the  paper  of  W.  Tovotb,  presented  at  the  New  York  meeting,  Feb- 
ruary, 1919,  and  printed  in  Bulletin  No.  142,  October,  1918,  p.  1699. 

W.  G.  Mitchell,*  New  York,  N.  Y. — I  quite  agree  with  Mr.  Wilson^ 
in  the  statement  that  the  Bonanza  copper  orebodies  of  the  Jerome  Dis- 
trict are  definitely  pre-Cambrian.    You  might  go  much  further  than  that. 
It  is  an  interesting  fact  and,  I  think,  well  substantiated  that  the  chalcocite 
enrichment  is  pre-Cambrian,  and  in  that  particular  the  deposits  are 
unique,  so  far  as  I  know,  among  copper-ore  deposits.    It  is  certainly  true, 
under  my  scheme  of  classification,  at  least,  and  I  think  it  has  been  sup- 
ported by  the  work  of  Mr.  Reber  of  the  United  Verde  Extension,  that 
chalcocitization  was  entirely  accomplished  prior  to  the  laying  down  of  the 
Cambrian  sediments.    The  statement  of  Mr.  Wilson  that  no  Yavapai 
schist,  as  defined  by  Jagger  and  Palache,  has  been  found  in  the  Jerome 
District  and  that  the  schist  in  Jerome  is  composed  entirely  of  ancient 
intrusive  and  extrusive  volcanic  rocks  and  bedded  tuffs  is  one  with  which 
I  am  not  entirely  in  accord.     I  believe  that  it  is  true  that  the  schists  at 
Jerome  are  largely  composed  of  bedded  volcanic  material,  I  am  also 
certain  that  there  is  a  considerable  proportion  of  plastic  material  in  those 
schists.    I  have  seen  a  good  many  slides,  and  it  is  quite  common  to  find 
quartzites  and  Umestones  in  the  schists.    At  a  short  distance  from  Jerome, 
at   the  Arizona  Binghamton,  there  are  limestone  strata  in  the  schists 
several  feet  in  thickness,  and  unmistakably  a  part  of  the  original  sedi- 
ments as  laid  down. 

Another  statement  of  Mr.  Wilson  is  supported  by  my  own  observations. 
In  the  United  Verde  mine  included  fragments  of  sulfide  ore  are  found  in 
later  anthracite  dikes,  which  cut  the  orebodies  but  do  not  invade  the 
chalcocite  sediments.  This  is  not  only  true,  but  those  fragments  of 
sulfide  ore  that  are  of  small  size,  from  the  size  of  a  walnut  to  fragments 
2  and  3  ft.  in  diameter,  are  of  the  original  xmenriched  pyritic  material. 
I  have  never  found  high-grade  ore,  either  chalcopyrite  or  chalcocite,  in 
any  of  those  dikes. 


•Mining  Engineer,  R.  Martens  <fe  Co.     ^BuU.  146  (February,  1919)  445. 
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A  Study  of  Shoveling  as  Applied  to  Mining 

Discussion  of  the  paper  of  G.  T.  Harlbt,  presented  at  the  New  York  meeting,  Feb- 
ruary, 1919,  and  printed  in  BuUetin  No.  146,  February,  1919,  p.  571.    • 

B.  P.  TiLLSON,*  Franklin,  N.  J. — ^A  preliminary  study  of  this  paper 
did  not,  in  my  case,  succeed  in  checking  with  the  shovel  dimensions  of 
one  of  the  large  shovel  manufacturers.  I  therefore  raise  a  question  as  to 
there  being  some  difference  in  standards  used  by  different  manufacturers 
in  regard  to  the  dimensions  of  the  shovels  for  similar  sizes  and  styles,  bo 
it  may  be  rather  confusing  to  some  of  us  when  we  attempt  to  use  the 
table  in  this  paper  and  classify  the  capacity  of  the  shovels  as  given  here 
with  some  that  are  on  the  market. 


Fine  Crushing  in  Ball-mills 

Discussion  ot  the  paper  of  £.  W.  Davis,  presented  at  the  New  York  meeting,  Feb- 
ruary, 1919,  and  printed  in  Bulletin  No.  146,  February,  1919,  p.  111. 

A.  L.  BLOMFiELD,t  Colorado  Springs,  Colo,  (written  discussionj). — 
I  congratulate  the  author  on  bringing  out  a  paper  of  real  service  to 
the  profession.  His  contention  of  uniform  size  in  balls  is  borne  out  by 
my  own  experience;  in  coarse  crushing  at  the  Golden  Cycle  in  6  by  6-ft. 
(1.8  by  1.8-m.)  ball-mills  we  unquestionably  gain  by  screening  out  the 
small  balls  once  or  twice  a  month.  The  point  of  gaging  the  ball  sLse  to 
be  used  by  the  uniformity  of  screen  sizing  is  of  particular  interest. 

The  necessity  of  sufficient  return  feed  from  classifier  to  the  ball-mill 
is  soimd  and  clearly  shown.  In  connection  with  this,  I  wish  two  further 
points  had  been  gone  into  as  thoroughly:  (1)  The  effect  of  the  quality 
of  classification.  In  general,  it  is  true  that  the  smaller  the  per  cent,  of 
undersize  in  the  feed  the  more  effective  is  the  mill's  work.  This  is 
true  on  a  bucking  board,  in  tube-mills,  ball-mills,  and  grinding  pans. 
Given  the  possibility  of  returning  a  full-feed  load  to  any  mill,  it  has 
been  my  experience  that  the  effective  work  in  the  grinder  is  almost  pro- 
portional to  the  quality  of  the  return  feed.  (2)  Again  speaking  gener- 
ally, the  shorter  the  tube-mill  the  greater  is  the  quantity  of  return  feed 
necessary  to  keep  it  loaded.  The  classification  thus  keeps  the  oversize 
in  the  mill  more  free  from  finished  product  and  thus  the  crushing  mor^ 
efficient.    It  is  very  easy  to  overload  any  long  mill  with  too  much  return 


^Mining  Engineer,  New  Jersey  Zino  Co. 

t  Manager,  Mill  Dept.,  Golden  Cycle  Mining  and  Reduction  Co 

t  Received  Feb.  19,  1919. 
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feed.  The  author's  tests  were  made. on  an  8-ft.  by  22-in.  Hardinge. 
This  type  is  capable  of  handling  very  large  return  feeds.  I  would  like  to 
hear  Mr.  Davis'  views  on  the  best  length  of  mill,  given  the  diameter. 

Dealing  with  feeds  to  fine  grinders :  At  the  mill  of  the  Great  Fingall 
Cons.  M.  Co.,  in  1906,  we  found  that  the  5-ft.  grinding  pan  gave  the 
greatest  tonnage  in  closed  circuit,  grinding  a  feed  —  8+20  mesh  to 
—  20  mesh  when  the  feed  was  slightly  over  twice  the  effective  work  done^ 
and  that  the  effective  work  was  almost  directly  proportional  to  the  effi- 
ciency of  classification. 

I  note  the  large  number  of  classifiers  in  his  flow  sheet  and  agree  that 
it  is  clearly  demonstrated  that  sufficient  classifier  capacity  should  be 
installed,  as  they  cost  very  little  to  run.  Two  6-ft.  classifiers  to  the  ball- 
mill  could  probably  be  replaced  by  one  12-ft.  quadruplex  machine,  though 
possibly  the  only  gain  would  be  a  saving  in  first  cost. 


Problems  Involved  in  the  Concentration  and  Utilization  of  Domestic 

Low-grade  Manganese  Ore 

Dicussion  of  the  paper  of  E.    Newton,  presented  at  the  New  York  meeting, 
February,    1919,   and  printed  in   BuUetin  No.  146,  February,  1919,  p.  379. 

C.  W.  GooDALE,*  Butte,  Mont. — I  notice  Mr.  Newton  refers  very 
briefly  to  the  carbohate  ores  of  manganese,  rhodochrosite,  but  he  does 
not  go  into  any  special  description  of  the  treatment  of  that  material. 
In  some  of  the  veins  in  Butte,  Mont.,  there  is  a  large  amount  of  rhodo- 
chrosite, and  a  large  tonnage  of  that  material  has  been  shipped  to  the 
East  for  making  ferromanganese.    At  the  works  of  the  Anaconda  com- 
pany at  Great  Falls  they  treated  several  thousand  tons  of  this  manganese 
ore,  running  about  37  to  38  per  cent,  manganese,  in  electric  furnaces, 
giving  a  product  of  about  78  per  cent,  of  manganese.    But  just  at  that 
time  the  demand  for  ferromanganese  from  the  West  was  discontinued 
and  the  material,  about  1000  tons  of  78  per  cent,  manganese,  is  on  hand 
at  the  works  at  Great  Falls.    With  the  higher-grade  manganese  ore, 
running,  we  will  say,  37  or  38  per  cent.,  there  are  large  bodies  of  ore  per- 
haps 20  or  25  per  cent.,  but  containing  too  much  silica  to  be  valuable 
in  their  present  condition.    Some  eflforts  have  been  made  for  water 
concentration  of  that  material,  but  owing  to  there  being  only  a  difference 
of  about  1  in  the  specific  gravity  of  the  quartz  gangue  and  the  manganese 
mineral,  water  concentration  has  oflfered  some  difficulties,  I  have  been 
told,  however,  that  some  very  satisfactory  experiments  have  been  made 
with  magnetic  concentration  of  this  material.    I  think  it  is  a  new 
idea  that  this  manganese  ore  can  be  treated  successfully  by  magnetic 
concentration. 

*  Manager,  B.  &  M.  Dept.,  Anaconda  Copper  Mining  Co. 
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KiRBT  Thomas,  New  York,  N.  Y. — I  want  to  point  out  the  possibili- 
ties in  the  business  of  manganese  mining  which  have  been  made  dear  by 
the  war.  Before  the  war  the  manganese  production  in  this  country  was 
from  3000  to  5000  tons,  practically  insignificant;  although  it  had  been 
larger  some  years  before.  However,  under  the  stimidus  of  the  war,  we 
have  reached  a  production  of  about  300,000  tons  of  manganese  ore  and 
at  even  the  pre-war  prices  that  represents  a  sum  that  is  important  even 
in  our  vast  mineral  production.  With  the  termination  of  the  war  and  the 
withdrawal  of  the  stimulus  of  high  prices  through  government  encourage- 
ment, the  manganese  mining  industry  is  apparently  about  to  collapse 
and  relapse  into  its  former  insignificant  position.  The  war  has  shown  us 
that  there  are  possibiUties  in  manganese  mining  in  the  United  States. 
[f  the  production  of  3000  tons  annually  could  be  increased  to  300,000  tons 
in  3  years,  certainly  there  is  the  raw  material,  the  base  of  an  important 
industry,  existing  in  this  country.  It  must' be  admitted  that  it  exists 
mostly  under  unfavorable  conditions,  as  compared  to  the  competing 
deposits  of  Brazil,  India,  and  Russia.  The  raw  material  is  here,  and  the 
engineering  talent  and  the  mining  industry  of  this  coimtry  should  display 
the  ability  and  the  courage  to  tackle  that  problem.  Cannot  the  engineers 
turn  their  special  technical  skill  to  realizing  this  national  resource,  not^ 
withstanding  the  relatively  unfavorable  conditions  under  which  it  exists? 
It  looks  as  if  this  whole  business  of  manganese  mining  is  likely  to  lapse 
until  we  have  another  war,  or  until  there  is  a  stimulus  of  protective  tariff, 
etc.,  which  shall  throw  us  back  on  our  own  resources  as  regards  manganese. 
The  problem  resolved  itself  not  into  one  of  mining  but  into  a  question  of 
metallurgy,  and  this  paper  by  Mr.  Newton  touches  upon  the  metallur- 
gical points,  but  very  generally;  it  does  not  give  enough  definite  results  of 
what  has  been  accomplished  or  what  may  be  accomplished. 

In  the  South  the  treatment  of  manganese  ores  was  entirely  crude, 
untechnical,  unpractical,  up  to  the  last  2  or  3  years,  but  Mr.  Newton  and 
others  connected  with  the  Bureau  of  Mines  have  worked  out  a  number  of 
very  important  things  in  regard  to  the  treatment  of  those  southern  man- 
ganese ores.  They  have  studied  and  diagnosed  the  old  log  washer,  which 
was  hardly  supposed  to  be  a  metallurgical  instrument,  and  have  found 
that  the  washers  should  be  of  a  certain  length  and  have  a  certain  revolu- 
tion and  particular  shaped  blades.  All  that  work  is  important.  There 
has  also  been  work  done  with  regard  to  the  chemical  separation  of  man- 
ganese out  of  the  silicate  and  carbonate  ores.  This  is  a  problem  that 
should  be  followed  up. 

In  Maine  there  is  a  deposit  of  silicate  ore,  a  whole  mountain  of  it,  that 
runs  22  per  cent,  manganese.  It  is  located  favorably  and  if  someone  can 
work  out  a  process  of  getting  the  manganese  in  the  form  of  steel  or  chem- 
ical manganese,  it  will  add  a  large  value  to  the  country's  mineral  produc- 
tion.   The  same  is  true  of  the  rhodochrosite  ores  of  the  West  and  the 
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highnsilica  ores  of  Arizona  and  the  Southwest.  I  urge  that  further 
consideration  be  given  to  this  subject,  with  a  view  of  continuing  the 
investigation  of  processes  of  realizing  the  potential  wealth  that  lies  in  the 
manganese  deposits  of  this  country.  We  are  tackling  a  difficult  problem 
and  one  in  which  the  competition  of  the  foreign  supplies  is  against  us, 
but  it  is  a  patriotic  and  selfish  duty  to  try  to  develop  our  own  in- 
dustry and  through  public  or  private  stimulation,  the  work  should  be 
continued. 


-i- — 


Anthracite  Mining  Costs 


DiscuBsion  of  the  paper  of  R.  V.  Norris,  presented  at  the  New  York  meeting,  Feb- 
ruary, 1919,  and  printed  in  BuUetin  No.  146,  February,  1919,  p.  249. 

Edwabd  W.  Parker,*  Philadelphia,  Pa.  (written  discussion t). — The 
two  papers  on  coal-mine  costs  and  price  fixing  that  Mr.  Norris  has 
contributed  to  the  Transactions  possess  as  much  general  interest  and  are 
of  as  much  value  to  the  coal-mining  industry  as  any  papers  that  have  been 
presented  in  recent  years.  Until  recently  one  of  the  troubles  with  the  coal 
business,  and  especially  the  bituminous  branch  of  it,  has  been  that  because 
of  the  lack  of  a  uniform  system  of  cost  accounting  (many  operators,  I 
regret  to  say,  not  having  had  any  system  at  all),  the  industry  as  a 
whole  may  be  said  not  to  have  known  where  it  was  at.  The  system 
adopted  by  the  Federal  Trade  Commission  may  not  be  absolutely  perfect 
but  it  has  accomplished  something  in  that  it  has  compelled  a  uniform 
method  of  reporting  and  tabulating  costs  giving  results  of  these  com- 
pilations which  are  comparable. 

The  Institute  and  the  coal-mining  industry  owe  a  vote  of  thanks  to, 
and  of  confidence  in,  Mr.  Norris  and  his  two  associates  on  the  Engineers 
Committee  of  the  Fuel  Administration,  Messrs.  Garnsey  and  AUport,  for 
the  great  work  they  have  done  in  interpreting  the  results  compiled  by  the 
Federal  Trade  Commission,  not  to  speak  of  the  personal  sacrifices  made 
by  them  in  giving  their  services  to  the  government. 

Those  who  have  read  Mr.  Norris'  paper  will  probably  join  me  in 
wishing  he  had  brought  out  a  little  more  fully  the  real  meaning  of  the 
charts  so  far  as  they  indicate  the  difference  between  the  cost  of  producing 
a  ton  of  anthracite  and  the  price  the  operators  receive  for  their  product. 
Mr.  Norris  could  have  done  this  more  satisfactorily  than  anyone  else. 
It  seems  to  me  that  particular  attention  should  be  drawn  to  the  fact 
that,  according  to  these  charts,  and  the  tables  accompanying  them,  not 
less  than  25  per  cent,  of  the  total  output  of  anthracite,  whether  "com- 
pany" or  ''individual,"  during  the  period  covered  by  Mr.  Norris'  paper, 

*  Director,  Anthracite  Bureau  of  Information, 
t  Received  Feb.  24. 19ia 
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was  produced  at  an  actual  loss  on  the  operating  costs  alone;  for,  as  I 
understand  it,  these  figures  do  not  include  certain  administrative  salaries, 
interest  on  bonds  or  borrowed  money,  losses  from  bad  debts,  income  or 
other  Federal  taxes,  and  some  other  overhead  charges.  According  to 
Chart  1,  which  gives  the  production  and  costs  of  all  the  companies  report- 
ing for  a  period  of  6  months,  about  10  per  cent,  of  the  output  was  mined 
at  a  loss  of  40  c.  a  ton  or  over.  A  study  of  Charts  1,  2,  and  3  shows  some- 
what of  a  paradox.  Charts  2  and  3  show  separately  the  operating  costs 
of  the  ^'companies"  and  '^individuals."  In  each  case  20  per  cent,  of 
the  output  was  produced  either  at  no  profit  or  at  a  loss,  whereas  when  we 
consider  the  total  of  the  two,  as  shown  on  Chart  1,  25  per  cent,  of  the 
total  output  was  sold  at  or  below  cost. 

The  explanation,  as  I  see  it  (and  Mr.  Norris  will  correct  me  if  I  am 
wrong),  lies  in  the  fact  that  the  individual  companies,  on  the  government 
price-fixing  arrangement  were  allowed  a  differential  of  75  c.  per  ton  on 
their  output  of  prepared  sizes  above  that  permitted  to  the  "company" 
operators.  The  average  realization  for  the  "company"  coal  was  $4.29, 
and  the  average  realization  on  the  "individual"  output  was  $4.82.  Five 
million  tons  of  "company"  coal  were  mined  at  a  cost  in  excess  of  $4.29, 
the  average  realization  for  that  coal,  while  1,590,000  tons  of  "indi\'iduar' 
coal  were  mined  at  a  cost  above  the  average  realization  of  $4.82.  The 
fact  that  the  larger  portion  of  the  coal  mined  at  a  loss  was  '^company" 
coal  accounts  for  the  apparent  inconsistency. 

The  United  States  Fuel  Administrator  had  before  him  the  originals 
of  these  charts  and  knew  exactly  what  the  situation  was  when  the  prices 
were  fixed.    As  Mr.  Norris  has  stated,  while  the  bituminous  prices  were 
fixed  upon  the  basis  of  cost  and  reasonable  profits  were  allowed  to  the 
operators,  the  prices  for  anthracite  were  fixed  apparently  without  any 
relation  to  the  cost.     When  the  advance  in  wages  was  granted  by  the 
supplemental  agreement  of  November,  1917,^  to  take  effect  the  first  of 
the  following  month,  it  was  estimated  that  the  additional  cost  would 
amount  to  about  45  c.  a  ton.    The  Fuel  Administration,  however, 
seemed  to  be  impressed  with  the  idea  that  in  preparing  this  estimate  the 
anthracite  operators  had  included  a  sufficient  factor  of  safety  to  cover 
any  possible  chances,  so  instead  of  permitting  an  advance  of  45  c.  per  ton 
to  cover  the  estimated  increase  in  cost,  it  permitted  only  an  advance  of 
35  c.    That  the  operators  were  out  in  their  estimates  by  approximately 
100  per  cent,  is  shown  by  the  fact  that  the  actual  results  of  the  wage 
advance  in  November,  1917,  was  an  average  increase  in  cost  of  76.4 
c.  per  ton,  or  something  more  than  twice  the  advance  in  price  pennitted 
by  the  Administration. 

When,  in  November,  1918,  it  was  found  necessary  again  to  increase 


^  Supplemental  to  the  agreement  of  April,  1916. 
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the  wages  of  mine  workers,  these  facts  were  placed  before  the  Fuel  Ad- 
ministration and  they  were  verified  by  the  Administration's  own  Com- 
mittee of  Engineers  and  based  upon  the  reports  made  to  the  Federal  Trade 
Commission.  As  I  have  stated,  the  Fuel  Administrator  had  before  him 
these  charts  which  are  now  presented  by  Mr,  Norris  in  his  paper,  so  that 
Mr.  Garfield  knew  at  that  time  that  the  operating  cost  of  one-fourth  of 
the  anthracite  output  exceeded  the  prices  obtained  for  it.  He  knew, 
moreover,  that  the  average  margin  on  the  entire  output  of  anthracite 
was  not  a  safe  one  and  that  it  did  not  represent  what  was  specifically 
called  for  in  the  Act  of  Congress  providing  for  the  control  of  prices  by 
the  Fuel  Administration,  namely,  that  the  prices  fixed  by  the  government 
should  guarantee  a  fair  and  reasonable  profit.  The  Fuel  Administration, 
on  the  first  of  February,  when  it  practically  laid  down  the  scepter  of  office, 
confessed  the  injustice  of  its  behavior  toward  the  anthracite  industry 
and  admitted  that  the  prices  of  anthracite  should  have  been  at  least  50  c. 
more  per  ton  than  the  Administration  had  allowed.  The  significant  part 
of  the  statement  which  accompanies  the  order  freeing  anthracite  from 
further  governmental  restrictions  is  as  follows: 

'*  For  the  purpose  of  arriving  at  a  fair  increase  in  price  to  cover  the 
increase  in  wages  recommended  by  the  War  Labor  Board  last  October, 
an  examination  was  made  to  determine  the  costs  of  the  various 
anthracite  producing  companies.  The  result  of  this  examination  showed 
that  the  general  increases  in  the  price  of  materials  and  labor  have 
raised  the  cost  of  mining  anthracite  to  such  an  extent  that  many  of  the 
companies  were  not  receiving  a  fair  return  and  that  some  producers 
of  necessary  coal  were  actually  sustaining  a  loss  on  the  sale  of  coal  at 
government  prices,  in  spite  of  the  two  increases  allowed  on  account  of 
the  advances  to  labor. 

"The  above  statement  is  made  *  *  *  *  out  of  fairness  to  those  com- 
panies who  have  patriotically  kept  up  their  production  to  war  needs,  even 
at  a  cost  which  resulted  in  many  instances  in  a  loss,  not  only  by  indi- 
viduals, but  also  by  some  of  the  railroad  companies  *  *  *  *. 

"Had  the  Fuel  Administration's  active  control  over  maximum  prices 
on  anthracite  coal  been  continued,  the  cost  examination  above  referred 
to  shows  that  it  would  have  been  necessary,  on  the  basis  of  the  present 
wage  scale,  to  raise  these  maximum  prices  possibly  as  much  as  50  c.  a 
ton  *  *  *  *  to  prevent  financial  embarrassment  and  perhaps  the  closing 
of  companies  producing  a  substantial  per  cent,  of  the  necessary  anthracite 
output." 

It  is  to  be  noted  that  in  the  opening  sentence  of  this  statement  Dr. 
Garfield  states  that  examination  was  made  for  the  purpose  of  "arriving  at 
a  fair  increase  in  price"  and  th^n  in  the  final  paragraph  admits  that  a 
fair  increase  would  have  been  at  least  50  c.  more  than  was  permitted. 

In  the  course  of  recent  investigations  into  the  anthracite  industry  by 
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the  Sub-Committee  on  Manufactures  of  the  United  States  Senatei  it  was 
testified  by  the  chief  engineer  of  the  oldest  anthracite  mining  company  in 
existence — and  one  that  is  now  producing  from  4,000,000  to  5,000,000  tons 
per  year — ^that  the  margin  between  the  selling  price  at  the  mine  and  the 
cost  of  production  for  the  entire  year  of  1918  was  6.89  c.  per  ton,  a  little 
less  than  7  c.  Out  of  this  7  c,  it  should  be  remembered,  must  be  paid  the 
administrative  salaries,  interest  on  bonds.  Federal  taxes,  and  dividends. 

That  conditions  were  not  improving  toward  the  close  of  the  calendar 
year,  but  on  the  other  hand  were  going  from  bad  to  worse,  was  shown 
by  the  fact  that  this  margin  for  November  was  5.6  c,  while  in  December 
there  was  a  loss  of  2  c.  per  ton.  I  understand  the  January  statement 
shows  even  worse  ''in  the  red." 

R.  V.  NoRRis. — I  wish  to  say,  in  regard  to  Mr.  Parker's  discussion, 
that  the  prices  were  not  fixed  by  the  Fuel  Administrator.  He  only 
allowed  an  addition  for  an  increase  in  December;  the  prices  were  fixed  by 
the  President  and,  except  in  the  case  of  pea  coal,  have  only  been  adjusted 
for  labor  changes.^  The  adjustments  were  based  on  averages  and  not  on 
the  labor  increase  of  the  higher  cost  companies.  Chart  5  shows  the  in- 
crease for  each  company,  and  you  will  note  a  varying  increase  from  a 
relatively  small  increase  for  the  low-cost  companies  to  a  considerable 
increase,  amounting  to  over  a  dollar  a  ton  for  all  sizes,  for  the  high-cost 
conpanies.  This  is  perfectly  natural,  as  the  labor  increase  was  not  a  per- 
centage but  a  flat  one,  except  in  the  case  of  the  miners,  and  necessarily 
the  high-cost  companies  had  a  higher  labor  cost  and  therefore  a  larger 
actual  cash  increase  and  a  larger  increase  per  ton. 

S.  D.  Warriner,*  Philadelphia,  Pa. — The  anthracite  industry  is  much 
indebted  to  Mr.  Norris  and  the  engineers  of  the  U.  S.  Fuel  Administration 
for  the  careful  study  they  have  made  of  the  complicated  subject  of 
anthracite  cost  and  realization.  It  is  unfortunate,  however,  for  the 
industry  at  present,  and  ultimately  for  those  who  desire,  and  require, 
an  abundant  supply  of  anthracite,  that  the  Fuel  Administration  did 
not  apply  to  anthracite  the  principles  of  price  fixing  recommended  by 
its  engineers  and  actually  adopted  in  the  case  of  bituminous  coal.  The 
application  of  these  principles  to  anthracite  would  have  stimulated 
productivity  when  greater  production  was  a  war  necessity,  and  would 
have  left  the  industry  with  its  natural  markets  unimpaired  and  in  better 
financial  condition  to  meet  the  difiiculties  of  the  readjustment  period. 
The  statement  of  the  Fuel  Administrator  on  lifting  restrictions  is  an 
acknowledgment  that  the  policy  of  price  fixing  followed  by  the  Adminis- 
tration with  respect  to  anthracite  was  not  based  upon  the  costs  as  deter- 
mined by  his  engineers,  and  that  readjustments  are  necessary  to  prevent 
financial  embarrassment  and  to  avoid  an  ultimate  shortage  in  supply 
with  its  consequent  increased  cost  to  the  consumer. 

*  President,  Lehigh  Coal  &  Navigation  Co. 
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The  charts  presented  by  Mr.  Norris  are  illuminating  but  do  not 
fully  represent  the  present  situation,  which  had  arisen  from  the  Fuel 
Administration  Ufting  its  restrictions  and  leaving  the  results  of  its  price 
fixing  to  be  paid  for,  not  by  the  government  as  in  the  case  of  wheat, 
but  by  the  industry  upon  which  the  regulation  was  imposed.  These 
charts  show  costs  that  do  not  include  the  cost  of  marketing  (at  least 
10  c.  per  ton)  or  interest  on  investment,  which  at  5  per  cent,  on  the  average 
capitalization  found  by  Mr.  Norris  would  be  40  c.  per  ton.  We  must, 
therefore,  deduct  from  his  realization  50  c.  per  ton  before  the  operator 
realizes  any  recompense  for  the  risk  of  his  business  as  compared  with  an 
investment  in  a  well  secured  bond. 

The  pressing  demand  during  the  war  for  anthracite  throughout 
New  England  and  the  Atlantic  seaboard,  caused  by  the  increased  popula- 
tion of  war  workers  and  the  activities  of  war  industries,  as  well  as  the 
requirements  of  the  government  itself,  necessitated  a  poUcy  of  zoning 
anthracite  out  of  certain  States  and  Territories  and  prohibiting  its 
use  for  many  purposes  for  which  it  was  normally  used. 

Following  the  signing  of  the  armistice,  the  sudden  let-down  in  activity, 
combined  with  the  effects  of  a  warm  winter,  speedily  resulted  in  a  siu'plus 
of  coal  which  has  made  it  impossible  for  the  individual  operator  to  secure 
the  maximum  price  allowed  by  the  Fuel  Administration  and  has  naturally 
brought  all  maximum  prices  down  to  company  prices.  Even  at  these 
prices  coal  cannot  now  be  moved  in  volume  for  the  reason  that  the  market 
in  the  territory  apportioned  to  the  industry  has  been  fully  supplied, 
and  the  market  from  which  it  has  been  excluded  has  been  supplied  with 
adequate  fuel  substitutes  for  its  normal  requirements. 

Chart  2  shows  company  realization  allowed  on  the  adjusted  standard 

$4.29,  or  if  we  deduct  50  c.  for  selling  and  interest,  $3.79.    As  against 

these  figures  the  average  cost  was  found  to  be  $3.91,  consequently  of  the 

total  fresh-mined  tonnage  at  least  35  per  cent,  shows  an  actual  operating 

OSS,  and  60  per  cent,  a  financial  loss  on  a  5  per  cent,  basis  for  capital. 

These  figures  (Chart  2)  more  nearly  reflect  the  present  relation 
between  cost  and  realization  than  the  figures  in  Chart  5,  which  show 
the  increase  in  cost  and  realization  due  to  the  adjustment  of  Nov.  1, 
1918.  Chart  5  shows  the  combined  cost  of  fresh-mined  and  bank  coal, 
but  as  the  market  for  bank  coal  largely  ceased  with  the  war,  fresh-mined 
coal  alone  should  now  be  considered.  Furthermore,  the  reaUzation 
shown  on  Chart  5  is  the  average  of  company  and  individual  prices; 
and  as  only  the  company  price  is  now  obtainable  the  prices  shown  on 
Chart  2  should  be  taken  as  the  basis  to  which  the  adjustment  of  Nov.  1, 
1918,  should  be  added. 

As  the  price  allowance  of  November  merely  covered  the  average 
increase  in  cost  due  to  wages,  each  ton  of  coal  mined  above  the  average 
cost  was  not  fully  compensated  by  the  increased  price  allowed.     Further- 


744  discussion:  NSW  tobk  meeting,  1919 

more^  as  the  consumption  of  steam  sizes  (averaging  35  per  cent,  of  tbe 
entire  output)  has  shrunk  with  the  slackening  of  industry,  there  has  been 
a  reduction  in  the  prices  of  these  sizes  below  the  TTntTiTniim  heretofore 
obtained,  thus  reducing  further  the  average  realization.  The  real 
situation  in  the  anthracite  industry  at  the  date  of  the  lifting  of  the  Fuel 
Administrator's  price  restrictions  was  very. much  worse  than  has  been 
depicted,  and  it  is  probable  that  more  than  60  per  cent,  of  the  output  is 
now  being  mined  at  a  loss. 

The  work  of  the  engineers  of  the  Fuel  Administration  is  of  great 
technical  value  in  its  pioneer  study  of  the  complicated  subject  of  relative 
cost  and  realization,  and,  it  is  hoped,  may  go  far  to  correct  the  popular 
misapprehension  of  great  profits  derived  from  the  industry.     fVom  an 
economic  standpoint,  the  price  regulations  actually  enforced  by  the 
Fuel  Administration  are  of  interest  as  demonstrating  the  fact  that  any 
interference  with  economic  laws  is  expensive  exactly  in  proportion  to  the 
detail  with  which  the  interference  is  carried  out.     In  abnormal  times 
regulation  is  necessary,  but  it  should  be  broadly  constructive  and  not 
restrictive,  and  of  such  nature  that  when  the  necessity  for  such  regulation 
no  longer  exists  the  laws  of  supply  and  demand  may  again  assert  them- 
selves,  without  financial  embarrassment  to  the  industry  of  unnecessary  ex- 
pense to  the  consumer.     The  regulations  of  anthracite  prices  represented 
an  extreme  case  of  price  fixing.    The  Fuel  Administration  fixed  two 
prices  for  the  same  commodity,  which  in  itself  was  rather  i>enali2ing 
to  the  producer  than  beneficial  to  the  consumer,  as  local  retail  regulations 
became  diflGicult.     Neither  price  was  based  on  cost,  as  both  company  and 
individual  mines  were  in  both  high-cost  and  low-cost  group.    Not  only 
this,  but  arbitrary  prices  were  fixed  on  practically  each  of  the  nine 
different  sizes,  the  prices  of  which  under  commercial  conditions  have 
always  relatively  fluctuated  according  to  demand.     With  the  reestablish- 
ment  of  commercial  conditions,  the  prices  arbitrarily  fixed  disappear, 
the  result  being  financial  operating  loss  to  more  than  60  per  cent,  of  the 
industry.    The  consumer  would  not  be  especially  interested  in  this 
phase  of  the  situation  were  it  not  that  with  the  indefinite  closing  down 
of  high-cost  operations,  which  is  now  taking  place,  the  capacity  of  the 
anthracite  mines  is  reduced  below  the  average  annual  production  nor- 
mally needed.    This  will  inevitably  tend  to  create  a  shortage,  unless  coal 
can  be  stored  by  the  companies  for  future  use.     Storage,  hovrever,  b 
only  economically  practicable  when  there  is  stability  of  market  conditions, 
otherwise  the  expense  and  risk  makes  it  prohibitive.    For  this  reason 
the  trade  policy  of  the  industry  has  been,  so  far  as  possible  under  existing 
laws,  to  promote  stable  conditions  by  the  summer  discoimt  in  price, 
thus  encouraging  the  consumer  to  store  a  part  of  his  winter  supi^j. 
the  operator  storing  the  remainder.    By  this  method  steady  operation 
of  the  mines  was  insured  and  the  annual  supply  required  by  the  market 
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obtained.    For  a  number  of  years  the  anthracite  industry  would  other- 
wise have  been  unable  to  supply  the  market  requirements. 

Today  the  anthracite  industry  is  left  by  the  Fuel  Administration 
under  the  handicap  of  inadequate  prices,  a  wage  structure  still  under 
government  control,  and  a  tendency  toward  declining  prices  in  all 
commodities,  with  the  problem  of  recreating  the  stable  commercial 
condition  necessary  to  the  prosperity  of  the  industry  as  well  as  to  the 
comfort  of  those  who  are  dependent  on  anthracite  for  fuel. 

Paul  Sterling,*  Wilkes-Barre,  Pa. — ^There  is  an  impression  that  the 
inspection  of  the  coal  has  been  let  down  during  the  strenuous  times  of 
the  last  2  years,  but  in  the  company  that  I  represent  the  inspection 
department  maintained  its  standard  during  the  entire  period  of  the  war 
and  we  maintained  the  same  inspection  in  production  that  we  always 
had  prior  to  that  time. 

W.  V.  DeCamp,  Edgewater,  N.  J. — I  realize  that  the  discussion  on  the 
paper  is  entirely  along  the  line  of  anthracite  mining  costs  and  that  no 
effort  has  been  made  to  state  what  factors  tended  to  increase  the  cost  of 
coal,  other  than  increase  of  supplies  and  the  increased  wage,  and  I  would 
like  to  ask  if  Mr.  Norris  has  any  data  in  regard  to  what  possible  decrease 
in  efficiency  occurred  during  the  period  mentioned,  especially  the  effi- 
ciency of  labor?  Also,  if  25  per  cent,  of  this  coal  was  produced  at  a  loss, 
did  the  companies  that  produc.ed  said  coal  at  a  loss  make  a  reasonable 
profit  in  pre-war  times,  when  the  conditions  were  different,  or  were  they 
companies  that  were  beginning  operations  or  increasing  operations  and 
working  under  some  other  than  normal,  high-production  conditions? 
In  addition,  what  general  changes,  if  any,  were  made  in  the  general  min- 
ing methods,  or  in  general  organization  methods,  to  meet  the  rapidly 
increasing  costs,  since  that  is  a  question  in  which  the  engineer  is  always 
interested,  whether  it  is  metal  mining  or  coal  mining? 

R.  V.  NoRRis. — I  will  try  to  answer  the  three  questions.  In  the  first 
place,  there  was  a  notable  decrease  in  efficiency,  caused  largely  by  the 
fact  that  the  younger  men  went  into  the  National  Service,  and  that 
their  work  was  necessarily  taken  up  by  older  and  less  active  men.  The 
decrease  was  particularly  notable  in  the  transportatioii  end  of  the  serv- 
ice, as  the  older  men  did  not  have  the  snap  of  the  younger  men  they 
replaced.  There  has  been  a  very  great  decrease,  from  about  180,000  to 
about  142,000,  in  the  number  of  employees  in  the  anthracite  region,  with 
about  the  same  actual  production,  but  production  was  maintained  not  by 
increased  efficiency,  as  would  seem  to  be  the  case,  but  by  more  working 
days  and  longer  hours,  which  the  men  in  most  cases  willingly  gave. 

Second,  the  high-cost  companies  are  all  old,  well-established  and  pre- 
sumably profitable  companies.    In  the  case  of  the  large  high-cost  com- 

*  Mechanical  Engineer,  Lehigh  Valley  Coal  Co. 
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panies^  hey  have  been  pa3dng  dividends  for  many  years.  The  excess 
cost  was  caused  by  their  efforts  to  hold  an  increased  production  with  a 
lessened  supply  of  labor  and  that  more  poorly  trained. 

Third,  there  could  be  no  sweeping  changes  made  during  the  war;  the 
effort  was  intense  to  hold  the  production.  It  was  almost  out  of  the  ques- 
tion to  make  any  serious  changes  in  methods  at  that  time.  Tlie  produc- 
tion was,  of  course,  largely  held  by  reducing  development  work,  and  I 
look  forward  to  a  long  siege  of  extra  development  work,  to  put  the  mines 
back  to  where  they  were  at  the  beginning  of  the  war.  I  am  confident  that 
development  work  was  necessarily  very  much  neglected  and  that  the 
coal  which  had  been  put  in  sight  by  previous  development  work  was 
largely  mined  to  hold  the  production  for  war  purposes. 

Edwin  Ludlow,*  Lansford,  Pa. — The  question  of  decreased  efficiency 
of  the  men  working  in  the  coal  mines,  which  has  just  been  raised,  I  am 
able  to  answer,  as  it  is  a  point  that  is  followed  very  closely  by  the  Lehigh 
Coal  &  Navigation  Co.,  and  the  tons  per  man  hour  is  worked  out  in  tabu- 
lated form.  During  the  year  1917,  the  tonnage  per  man-hour  was  0.026 
and  for  the  year  1918  it  was  only  0.022.  The  production  for  the  years 
1917  and  1918  was  slightly  in  excess  of  5,000,000  tons,  with  more  working 
days  in  1918  than  in  1917.  If  the  same  production  per  man-hour  had 
been  maintained  in  1918  as  in  1917  the  tonnage  would  have  been  860,000 
tons  greater. 

This  loss  in  efficiency  cannot  be  attributed  entirely  to  the  high  wages 
and  indiffere^ce  of  the  men  to  keeping  up  a  full  production,  as  this  was 
true  of  only  a  small  proportion;  while  on  the  other  hand  our  foremen  and 
their  assistants  worked  to  the  physical  limit  of  their  ability  in  long  hours 
and  without  holidays  in  their  endeavor  to  keep  everything  in  operating 
condition.  Our  loss  is  more  attributable  to  the  910  of  our  men  who  went 
into  the  service  of  the  U.  S.  Government,  of  whom  only  336  were  drafted, 
the  remainder  enlisting.  The  class  of  work  from  which  these  men  were 
taken  was  that  requiring  youth  and  quickness  in  order  to  produce  efficient 
results,  and  the  older  men  with  whom  we  were  obliged  to  fill  their  places 
could  not  be  expected  to  do  as  much  work  as  the*  younger  trained  force 
that  had  gone  into  the  service  of  the  government.  There  was  also  diffi- 
culty in  keeping  up  the  discipUne,  as  the  shortage  of  men  made  it  impos- 
sible to  replace  anyone  that  we  wanted  to  discharge  and  our  efforts  were 
all  concentrated  in  trying  to  produce  the  best  results  with  the  material 
that  we  had. 

In  regard  to  the  advances  granted  by  the  Fuel  Administration  in  the 
selling  prices  of  coal  as  compared  to  the  advances  granted  in  wages:  A 
concrete  example  of  one  company  may  possibly  bring  this  matter  more 
clearly  to  those  who  are  not  interested  technically  in  coal  mining.    The 


*  Second  Vice-president,  Lehigh  Coal  &  Navigation  Co 
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pay  roll  for  the  Lehigh  Coal  &  Navigation  Co.  for  the  year  1918,  on  the 
basis  of  the  wages  established  by  the  contract  between  the  miners  and 
the  company,  which  was  supposed  to  remain  in  effect  for  4  years,  expiring 
Apr.  1,  1920,  would  have  amounted  to  $8,000,000.  The  war  allowances 
that  were  granted  to  cover  the  increased  cost  of  living  and  which  were 
approved  by  the  Fuel  Administration,  who  endorsed  the  agreement  be- 
tween the  men  and  the  company,  amounted  to  $3,000,000,  and  the  in- 
creased selling  price  on  the  prepared  sizes  of  coal,  granted  by  the  Fuel 
Administration,  for  the  year  1918  increased  the  revenue  from  the  coal 
sold  by  $1,500,000.  This  loss  of  $1,500,000  was  partly  made  up  by  the 
increased  prices  obtained  for  the  steam  coals,  but  the  prices  of  the  steam 
sizes  are  dependent  on  the  prices  of  bituminous  coal,  and  if  bituminous 
coal  becomes  cheaper,  the  prices  of  the  steam  sizes  of  anthracite  will 
undoubtedly  fall  in  proportion.  No  allowance  was  made  by  the  Fuel 
Admimstration  for  the  increased  cost  of  material.  This  increase  for  the 
year  1918  over  the  year  1917,  with  the  same  tonnage  produced,  amounted 
to  $906,000.  The  scale  of  wages  as  now  fixed,  including  these  war  allow- 
ances, is  practically  on  the  basis  of  the  wages  paid  to  the  railroad  em- 
ployees by  the  government. 

The  cost  of  Uving  is  still  high,  and  it  does  not  appear  to  be  in  any  way 
practical  or  advisable  to  attempt  a  reduction  of  wages  at  this  time.  The 
anthracite  companies  and  the  consmners  of  anthracite  are,  therefore, 
faced  with  the  fact  that  there  will  have  to  be  an  advance  made  in  the  sell- 
ing price  of  the  prepared  sizes  of  anthracite  coal  in  order  to  enable  the 
companies  to  come  out  even.  If  there  should  be  no  advance,  it  would 
mean  that  a  large  proportion  of  the  higher  cost  collieries  would  have  to  be 
closed,  bringing  on  a  decreased  tonnage  of  anthracite,  which  would  not 
enable  the  anthracite  companies  to  produce  enough  coal  next  year  to 
meet  the  demand;  and  with  such  a  shortage  the  prices  of  anthracite  would 
jump,  as  they  have  frequently  done  in  the  past  when  there  has  been  a 
shortage  of  that  kind  and  no  restrictions  as  to  the  maximum  prices  which 
might  be  asked. 

It  would,  therefore,  appear  to  be  the  wisest  for  both  the  consmners  and 
the  companies  that  a  gradual  increase  in  prices  should  be  made  to  cover 
the  actual  costs  as  determined  by  the  engineers  of  the  Fuel  Administration 
as  being  the  necessary  prices  to  enable  the  companies  to  Uve,  so  that  they 
may  be  able  to  maintain  their  tonnage  and  be  prepared  to  meet  the  de- 
mands of  the  country  for  fuel  next  fall  when  coal  will  be  needed  as  it 
always  has  been. 
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Discussion  of  the  paper  of  J.  B.  Neale,  presented  at  the  New  York  meeting, 
February,  1019,  and  printed  in  BtdUUn  No.  146,  February,  1919,  p.  439. 

RoBEBT  Pbele,*  New  York,  N.  Y. — I  should  like  to  ask  Mr.  Neale  how 
the  members  of  the  production  committees  at  the  individual  minesy  who 
came  from  the  mine  workers  themselves,  were  chosen  or  appointed; 
also  from  what  classes  of  employees  they  usually  came? 

J.  B.  Neale. — In  the  union  fields,  they  were  chosen  by  a  local.  In 
the  non-imion  fields,  they  were  chosen  either  by  the  men  in  mass  meeting 
or  by  the  company  oflGicials.  The  last  way  was  very  unsatisfactory 
because  it  gave  the  men  an  opportunity  to  say  that  they  were  going  to'be 
passed  upon  as  to  whether  they  were  slackers  or  not,  by  men  chosen  by  the 
company.  When  they  were  chosen  by  the  locals  or  at  mass  meetings  of 
the  workers,  the  appointments  have  been  very  much  more  satisfactory. 

R.  D.  HAiij,t  New  York,  N.  Y. — The  matter  of  inefl&ciency  on  the  part 
of  the  operator  is  one  that  I  think  we  may  well  take  into  account,  because 
there  is  a  very  large  inefficiency  on  the  part  of  the  coal  operator;  it  has 
arisen  from  reasons  almost  beyond  his  control  and  will  continue  for  these 
same  reasons.  It  is  no  use  arguing  a  moral  responsibility  on  the  part  of 
the  operator,  when  you  make  efficiency  very  largely  a  loss  to  the  operator 
who  puts  it  in  force.  If  you  ask  a  man  working  on  a  day  wage  to  work 
with  more  efficiency  he  sa3rB,  "Well,  I  may  do  it  or  I  may  not,"  it  all 
depends  how  'he  feels,  but  he  does  not  lose  anjrthing  financially  by  not 
working  hard.  If  you  ask  the  man  who  is  working  by  the  ton  to  put  out 
more  tons,  he  makes  a  profit  by  putting  out  more  tons.  How  is  it  with 
the  operator?  If  he  gives  a  man  all  the  cars  he  needs  and  all  the  power  he 
needs,  if  he  runs  after  his  working  men  and  waits  on  them,  he  does  not 
.  get  his  coal  out  any  cheaper  than  before.  He  gives  the  man  a  better 
chance  and  there  is  more  efficiency,  but  at  the  same  time  he  has  increased 
his  expenses  all  along  the  line.  At  the  end  of  the  year  he  finds  that  his 
profits  have  been  less  than  if  he  had  had  less  efficiency.  The  efficiency  is 
really  against  him  in  many  ways.  Because  he  gets  a  larger  tonnage,  he 
reduces  the  overhead  to  a  certain  extent;  but  his  tonnage  may  not  be 
any  greater  because  he  may  work  fewer  days.  As  Mr.  Taylor  remarked 
some  time  ago,  supposing  he  puts  in  a  machine  that  is  very  much  more 
effective  than  any  he  had  before,  he  has  the  same  scale;  the  miner  gets  out 
more  coal,  but  he  himself  does  not  get  any  benefit  out  of  it  because  he  has 
a  scale  fixed,  so  much  per  ton. 

So  long  as  we  have  piece  work  of  that  kind,  it  will  hardly  pay  the 
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operator  to  go  out  of  his  way  to  help  the  working  man;  his  interest  is  not 
'  with  the  working  man,  as  it  should  be,  and  it  never  will  be  unless  he  is  paid 
by  the  day.  There  is  a  great  deal  of  efficiency  in  the  transportation 
syTstem  in  mines,  in  the  dumping  system,  in  the  cleaning  of  the  coal,  and 
in  all  those  various  features,  because  it  is  on  day  labor;  but  when  a  fore- 
man sees  a  miner  doing  nothing  and  learns  that  he  is  waiting  for  cars,  he 
says,  "  They  will  be  along  in  a  short  while."  It  does  not  worry  the  opera- 
tor at  all  that  that  condition  exists.  He  realizes  that  if  he  were  to  put  on 
more  drivers  he  would  have  some  -drivers  waiting,  and  drivers  are  paid 
by  the  day  and  miners  are  paid  by  the  ton,  so  he  really  feels  it  is  more 
profitable  for  him  to  have  fewer  drivers  and  more  miners.  Not  only 
that,  but  it  has  been  found  that  when  the  miner  is  given  cars  whenever  he 
needs  them,  he  is  liable  to  quit  the  mine  early,  with  the  result  that  in  the 
afternoon  things  drag  along  and  the  work  is  very  inefficiently  done  on  the 
part  of  the  day-hands;  and  it  is  their  efficiency  in  which  the  operator 
is  interested. 

So  long  as  coal  mining  is  conducted  largely  on  the  piece-work  plan 
we  will  find  a  lack  of  efficiency  on  the  part  of  the  operator.  There  is  no 
inducement  to  the  operator  for  any  efficiency  that  he  may  exhibit,  and 
to  my  mind  the  only  hope  is  that  we  will  some  time  get  a  combined 
system  in  which  the  man  will  be  paid  partly  by  the  day  and  partly  by  his 
work.  When  that  is  done,  we  will  find  that  the  operator  will  have  an 
interest  in  reducing  the  number  of  men  employed  in  his  mine,  and  the 
miner  will  have  the  advantage,  in  that  the  more  coal  he  produces  the 
larger  will  be  his  income.  But  so  long  as  the  miner  works  entirely  on  the 
piece-work  plan  the  operator  will  have  no  incentive.  In  fact,  he  will 
have  an  incentive  entirely  in  the  other  direction,  because  the  more  efficient 
he  is,  the  more  he  tries  to  give  the  miner  a  fair  show,  the  more  he  will  find 
his  costs  will  mount  up,  and  he  cannot  meet  those  costs  under  present  con- 
ditions of  competition  because  these  costs  do  not  bring  him  a  return. 
I  think  that  the  whole  trouble  is  the  system  on  which  the  mines  are 
worked,  and  that  it  will  never  be  corrected  imtil  we  have  changed  the 
system. 

R.  V.  NoRRis,  Wilkes-Barre,  Pa. — I  think  some  of  the  operators  will 
wish  to  answer  Mr.  Hall.  I  do  not  agree  at  all  with  this  proposition  that 
the  piece  work  of  the  miner  tends  to  inefficiency;  as  a  matter  of  fact,  the 
piece  work  of  the  miner  has  been  the  custom  in  practically  all  coal-min- 
ing operations,  for  the  reason  that  there  is  no  means  of  supervising  the 
miner's  work  and  that  piece  work  has  been  found  to  be  the  best  method 
to  encourage  him  and  make  it  to  his  advantage  to  work.  It  is  also 
an  unquestioned  fact  that  a  very  considerable  part  of  the  expense  is 
overhead,  which  is  reduced  by  increased  tonnage,  and  I  feel  very  strongly 
that  the  piece  work  of  the  miner  is  the  best  and  most  advantageous 
method  for  the  mining  work. 
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Discussion  of  the  paper  of  S.  W.  Millbr,  presented  at  the  New  York  meeting, 
February,  1919,  and  printed  in  BuOetin  No.  146,  February,  iqi9,  p.  311. 

A.  M.  Candy,*  Pittsburgh,  Pa. — I  think  more  stress  should  be  laid 
upon  the  question  of  welding  with  the  carbon  electrode,  which  we  ordi- 
narily call  graphite  arc  welding.  Mr.  Miller's  photograph  indicated  that 
the  original  parent  metal  had  been  decarburized  to  a  marked  degree. 
It  would  be  interesting  to  know  the  carbon  content  of  the  parent  metal, 
and  whether  or  not  Mr.  Miller  has  made  any  investigations  to  determine 
if  the  metal  is  always  decarburized  or  whether  in  some  instances  we 
actually  have  carbon  injected  into  the  weld,  which  has  been  the  under- 
standing that  has  been  quite  prevalent. 

There  were  one  or  two  other  points  that  Mr.  Miller  brought  out 
concerning  which  I  desire  to  ask  one  or  two  questions:  The  illustrations 
that  he  presented  were  obtained  with  what,  I  suppose,  would  be  termed  a 
real  low-carbon  steel  welding  wire,  which  gives  in  the  deposited  metal 
grains  that  are  more  or  less  symmetrical,  whereas  the  Roebling  electrode, 
which  is  a  mild  steel  of  higher  carbon  content,  apparently  gives  a  colum- 
nar structure.  I  do  not  know  which  of  these  structures  is  more  desir- 
able, but  assuming  that  the  structure  produced  by  the  really  low-carbon 
steel  wire  is  the  more  desirable,  would  it  not  be  true  that  the  very  low 
carbon  content  would,  probably  owing  to  high  temperatures  that  prevail 
in  the  arc,  result  in  a  greater  amount  of  oxidation  and  probably  result 
in  either  carrying  into  the  weld  more  oxide  or  producing  more  oxide  on 
the  surface  as  the  operator  progresses? 

The  short  arc  is  an  advantage  in  all  cases.  Whether  Mr.  Miller's 
trouble  is  oxide  or  nitride,  the  short  arc  helps  him  out,  because  the  closer 
the  end  of  the  electrode  is  to  the  work  the  less  chance  there  is  for  either 
oxygen  or  nitrogen  to  get  in.  And  whichever  is  the  cause  of  th^  trouble, 
the  short  arc  keeps  it  out  by  lessening  the  time  in  which  the  steel  is  molten 
and  the  amount  of  air  that  gets  in.  It  also  makes  sure  that  the  molten 
metal  will  not  fall  into  the  crater.  Everything  is  in  favor  of  the  short 
arc. 

How  can  that  short  arc  be  obtained?  With  an  ordinary  direct- 
current  machine  there  is  nothing  to  limit  a  man  to  a  short  arc;  but  every 
good  operator  will  limit  himself  to  a  short  arc.  There  is  one  direct-cur- 
rent system  that  necessitates  holding  a  short  arc  due  to  the  low  voltage; 
other  systems  provide  relays  and  other  moving  parts  to  snuff  out  the 
arc  when  it  reaches  a  certain  voltage,  but  in  the  case  of  the  machine  that 
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develops  low  voltage,  penetration  is  lost,  for  that  depends  not  only  on  the 
amount  of  current  but  also  on  the  line  voltage.  The  low-voltage  machine 
(35  volts)  is  not  so  satisfactory  as  a  higher  voltage  machine  (60  volts) 
because  the  operator  will  experience  more  diflGiculty  in  holding  the  arc 
As  a  result,  the  arc  will  be  broken  more  frequently,  materially  reducing 
the  operator's  production  and  producing  a  larger  percentage  of  slag 
inclusion  due  to  the  oxidation  always  occurring  on  the  surface  of  the 
crater  where  the  arc  breaks.  Because  of  the  larger  number  of  arc  inter- 
ruptions, also,  the  metal  in  the  crater  is  always  noticeably  porous.  On 
the  whole,  therefore,  instructing  an  operator  as  to  the  advantages  of 
holding  a  short  arc  and  giving  him  a  reasonable  open-circuit  voltage 
(60  volts)  will  produce  the  most  satisfactory  results  because  the  effect  of 
momentary  long  arcs  cannot  be  detected  in  the  welding  work. 

George  F.  Comstock,*  Niagara  Falls,  N.  Y.  (written  discussion t). 
— This  paper  by  Mr.  Miller  is  a  very  interesting  study  of  fusion  welds, 
and  his  conclusion  that  films  at'  the  grain  boundaries  cause  brittleness 
in  such  welds  certainly  seems  well  founded  by  his  work,  and  gives  the 
paper  practical  value  as  well  as  interest.  There  are  a  few  minor  details 
of  the  paper  that  might  be  criticized,  and  a  few  suggestions  also  that  I 
would  like  to  make.  In  the  first  place,  nitric  acid  in  ethyl  alcohol 
has  been  found  in  our  laboratory  to  work  much  better  in  developing 
grain  boundaries  than  the  same  acid  in  absolute  alcohol,  and  it  does  not 
roughen  the  ferrite  grains  so  much. 

•  The  author's  belief  that  all  patches  that  darken  when  boiled  in  sodium 
picrate  must  contain  carbon  is  erroneous,  as  there  is  no  doubt  but  that 
nitride  is  also  darkened  by  this  treatment;  and  it  is  hard  to  see  why 
cementite  films  should  exist  in  decarburized  metal  full  of  oxide  spots,  as 
seems  to  be  assumed  by  the  author  in  some  cases.  The  limitations  of 
the  ordinary  processes  of  polishing  these  metal  specimens  do  not  seem 
to  be  appreciated  by  the  author,  for  when  one  stops  to  consider  that  the 
final  polished  surface  is  obtained  by  eliminating  scratches  by  surface 
flow  of  the  metal,  and  that  in  the  preliminary  grinding  it  is  rather  easy 
to  erode  brittle  non-metallic  inclusions,  there  should  be  no  surprise  if 
occasionally  a  very  fine  prack  or  brittle  film  is  covered  up  in  polishing  so 
that  it  is  invisible  in  spots. 

I  would  like  to  ask  Mr.  Miller,  as  a  matter  of  theoretical  interest,  for 
his  opinion  as  to  why  the  needles  appear  only  at  the  surfaces  of  oxy- 
acetylene  welds,  and  not  in  the  interior  as  is  the  case  with  electric  welds. 

I  would  also  like  to  ask  if  it  would  not  seem  reasonable  to  suppose  that 
the  intercrystalline  brittleness  and  excessively  columnar  structure  noticed 
in  welds  containing  manganese,  vanadium,  or  aluminum  may^be^due  to 
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oxides  of  these  elements  which  oxidize  before  iron,  depositing  in  a  finely 
divided  state  along  the  grain  boundaries?  In  this  connection  it  seems 
unfortunate  that  titanium  has  not  been  tried  as  a  means  of  collecting 
and  removing  these  finely  divided  oxides,  in  view  of  the  general  experi- 
ence with  this  element  in  the  ordinary  processes  of  steel  manufacture. 


Welding  Mild  Steel 

DiscuBsion  of  the  paper  of  H.  M.  Hobart,  presented  at  the  New  York  meeting, 
February,  1019,  and  printed  in  BuUeHn  No.  146,  f^bruary,  1919,  p.  517. 

A.  M.  Candy,*  Pittsburgh,  Pa. — ^According  to  the  tables  on  page 
532,  the  deposit  obtained  with  Roebling  cold-rolled  steel,  and  Toncan 
electrodes  contained  considerably  less  carbon  and  manganese  than  the 
original  electrodes;  whereas  very  little  carbon  is  lost  in  the  case  of  the 
hot-rolled  steel  electrode.  When  using  the  hot-rolled  steel  electrodes, 
the  metal  apparently  has  a  tendency,  probably  due  to  greater  surface 
tension,  to  pass  through  the  arc  in  larger  particles  than  the  other  electrode 
materials.  This  affords  greater  protection  against  oxidation,  and  thereby 
prevents  much  loss  of  carbon.  The  larger  globules  tend  to  increase  the 
arc  fluctuations  due  to  greater  partial  short-circuiting  of  the  arc.  Actual 
oscillographic  records  show  that  with  the  hot-rolled  steel  electrodes 
the  current  peaks  were  70  per  cent,  above  normal  whereas  the  peaks  for 
the  other  electrodes  were  only  about  26  per  cent,  above  normal. 
Probably  due  to  the  larger  globules,  a  greater  proportion  of  slag  in  the 
electrode  was  carried  into  the  weld.  Some  four  or  five  test  pieces  made 
with  the  hot-rolled  steel  electrodes  were  all  considerably  below  the  tensile 
strength  of  the  samples  welded  with  the  other  electrodes.  These  facts 
indicate  that  an  electrode  may  not  be  satisfactory  even  though  of  approxi- 
mately the  proper  chemical  composition.  For  example,  the  hoJb-roUed 
steel  and  Roebling  electrodes  are  quite  similar  in  chemical  analysis. 


Speed  Obtained  in 
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105                      ^ 
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On  page  534,  the  relative  speeds  of  alternating-  and  direct-current  arc 
welding  are  mentioned.  By  referring  to  Table  4  on  page  560  we  find 
that  tests  1  and  2  were  made  with  direct  current,  that  tests  19,  20,  21 
and  22  were  made  with  alternating  current.  The  speeds  of  welding  are 
shown  in  the  accompanying  table.  Of  course  these  are  isolated  cases, 
but  it  is  interesting  to  see  what  is  obtained  from  actual  tests. 

On  page  543,  Mr.  Hobart  has  brought  out  the  question  of  suitable 
current  values.  This  is  probably  one  of  the  most  important  and  least 
understood  problems  in  the  entire  arc-welding  category.  In  fact,  it  is 
the  problem  of  proper  fusion  in  arc  welding,  which  can  only  be  secured 
by  the  use  of  the  proper  current  volumes,  depending  on  the  characteristics 
and  temperature  of  the  material  to  be  welded,  and  by  the  use  of  the  proper 
diameter  of  electrodes  for  the  current.  A  visual  inspection  of  the  depos- 
ited metal  will  almost  unfailingly  indicate  when  the  desired  effects  are 
obtained.  The  method  of  determination  is  very  ably  and  clearly 
pointed  out  in  Mr.  Eschholz's'  paper;  namely,  judging  the  penetration 
metal  by  the  depth  of  the  arc  craters,  measured  from  a  straight  line 
across  the  crater  top  to  the  bottom  of  the  crater,  and  an  examination  of 
the  edge  of  the  deposits  for  re-entrant  angles,  to  see  how  much  of  an  angle 
there  is. 

Mr.  Hobart  also  made  reference  to  the  effect  on  arc  welding  of  vol- 
tage employed.  I  do  not  believe  that  the  question  of  voltage  is  quite 
as  simple  as  inferred,  unless  coated  or  wrapped  metal  electrodes  or  carbon 
electrodes  are  used.  We  will  grant  that  for  most  open  work  an  experi- 
enced conscientious  welder  can  produce  results  with  circuit  potentials 
as  high  as  250  volts;  however,  an  inexperienced  or  a  careless  operator 
will  follow  the  course  of  least  effort  and  maintain  a  long  arc,  resulting  in 
an  unconcentrated  porous  deposit,  which  will  be  poorly  fused  and  does  not 
penetrate  into  the  shank  metal.  An  inexperienced  operator  certainly 
ought  not  to  be  trusted  with  such  high  open-circuit  voltages,  as  he  is  sure 
to  produce  unsatisfactory  welds. 

C.  J.  HoLSiAG,*  Newark,  N.  J. — Speed  in  welding  may  be  advanta- 
geous or  disadvantageous  according  as  to  whether  the  metal  is  deposited 
faster  than  the  operator  can  make  sure  it  is  being  deposited  in  the  crater 
made  fluid  by  the  arc,  or  whether  some  of  the  metal  is  getting  ahead  or 
outside  of  the  crater.  Speed  at  which  good  welding  can  be  done  is  an 
advantage  and  alternating  current  provides  a  greater  speed  than  direct- 
current  welding  with  the  electrode  negative,  because  with  the  electrode 
negative  approximately  60  per  cent,  of  the  heat  is  in  the  work,  and  with 
alternating  current  the  heat  is  naturally  fifty-fifty  between  the  electrode 
and  work. 

fl 
, '  -  -  ■ -^  ^ 

^  Presented  at  session  with  American  Institute  of  Electrical  Engineers.  Printed 
in  A.  I.  E.  E.  Proceedings. 
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Direct  current  with  the  electrode  positive  provides  faster  weldmg, 
but  generally  too  fast  to  be  of  any  use,  as  mentioned,  unless  the  arc  is 
closed  in  by  a  very  heavy  coating  so  that  the  metal  is  enclosed  in  a  viscous 
sleeve,  or  where  the  work  is  very  rough,  such  as  filling  in  with  a  large 
electrode  on  a  casting  where  strength  is  not  required.  In  a  test  recently 
made  with  direct-current  and  alternating-current  machines,  the  rate  of 
melting  was  taken;  that  is,  the  number  of  pounds  per  hour  that  could  be 
melted  with  no  stops  was  determined.  In  each  case  under  the  same  con- 
ditions, t.6.,  different  currents  and  voltages  were  taken,  but  comparisons 
made  only  when  they  were  the  same,  alternating-current  melting  was 
from  20  to  30  per  cent,  faster.  For  instance,  at  150  amp.  and  25  volts, 
4  lb.  an  hr.  were  deposited  with  alternating  current  and  3  lb.  an  hr.  with 
direct  cunent;  and  at  175  amp.  and  25  volts,  5  lb.  an  hr.  with  alternating 
current  and  4  lb.  an  hr.  with  direct  current.  With  a  %2-i^^-  electrode, 
from  4  to  5  lb.  an  hr.  is  the  maximum  amount  that  can  be  deposited  in 
electric  arc  welding,  for  with  higher  current  densities  good  welding  is  lost. 

Speed  also  depends  on  the  length  of  the  arc  because  the  rate  of  melt- 
ing depends  on  the  rate  of  heating  and  the  rate  of  heating  n&turally  de- 
pends on  the  voltage  across  the  arc,  as  well  as  the  current  through  it. 
With  a  long  arc,  this  rate  can  be  raised,  and  hence  the  welding  speeded  up; 
but  as  pointed  out  in  Mr.  Eschholz's  paper,  everything  is  in  favor  of  a 
short  arc  for  good  welding,  t.6.,  less  air  radiation,  less  contact  with  the  air 
for  oxidation  and  forming  of  nitrides,  greater  chance  that  metal  of  the 
electrode  will  deposit  in  the  crater  and  nowhere  else.  With  alternating- 
current  apparatus,  the  greater  possibilities  for  automatically  holding  a 
short  arc,  and  constant  rate  of  heating  are  generally  taken  advantage  of. 
Hence  any  test  of  speed  must  be  accompanied  by  voltage  across  the  arc 
and  amperes  through  it,  which  means  by  definition,  the  same  rate  of 
heating;  and  with  the  same  rate  of  heating,  the  only  factor  left  is  the  dis- 
position of  the  heat  at  the  positive  and  negative  electrodes,  for  as  ex- 
plained before,  the  amount  of  heat  at  the  electrode  end  determines  the 
rate  of  its  melting. 

W.  L.  Merrill,*  Schenectady,  N.  Y. — Until  about  2  years  ago,  spot 
welding  was  limited  to  very  thin  sections,  say  up  to  J4  or  %  in.  (6  or  9 
mm.)  thick;  beyond  that  the  field  had  not  been  thoroughly  explored. 
It  was  thought  that  it  might  be  advantageous  to  use  this  method  in  the 
construction  of  ships,  so  tests  were  made  and  a  machine  built,  the  results 
of  which  have  been  published  in  Capt.  Caldwell's  report  and  in  one  issue 
of  the  General  Electric  Review ^  which  has  been  referred  to  by  Mr.  Hobart 
As  a  result  of  those  tests,  it  was  found  possible  economically  to  build 
machinery  capable  of  welding  two  or  more  pieces  of  structural  steel  up 
to  a  total  of  3  in.  that  being  the  maximum  thickness  we  tried  to  weld. 

Unlike  arc  welding,  spot  welding  has  very  few  variables;  and  a  surface 
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inspection  in  practically  all  cases  is  all  that  is  necessary  to  determine 
a  100-per  cent.  weld.  Also,  like  the  arc  weld  that  we  have  been  hearing 
about  today,  spot  welding  can  be  done  to  more  than  100  per  cent,  strength 
of  the  plate.  As  an  example,  page  548  contains  some  test  samples  that 
were  made  up  of  different  kinds  of  welding.  The  two-spot  weldings, 
which  would  be  used  for  these  thicknesses  of  plafes,  gave  a  breaking 
strength  of  28,000  lb.  as  against  13,000  lb.  for  the  standard  riveting 
for  that  same  plate. 

As  a  result  of  experiments  carried  on  in  the  large  machine,  which  by 
the  way  was  2000-k.v.a.  capacity,  although  we  did  not  reach  the  capacity 
of  the  machine,  three  separate  and  distinct  machines  were  designed  for 
use  in  fabricating  of  ships;  that  is  work  to  be  done  in  the  shop,  not  on  the 
ships.  Pictures  and  explanations  of  these  are  given  in  Mr.  Hobart's 
paper.  These  machines  have  been  completed,  and  two  of  them  are  in  the 
possession  of  the  Emergency  Fleet  Corpn.  at  the  present  time,  working 
out  the  practicability  of  adapting  them  to  the  fabrication  of  ship  parts 
in  place  of  laying  out,  driUing,  and  riveting.  Only  experience  will  tell 
what  saving  or  gain,  if  any,  there  will  be  in  the  use  of  this  type  of  machin- 
ery. One  thing,  however,  we  know  can  be  gained,  and  that  is  for  a  given 
strength  of  a  given  member,  the  joints  will  not  be  limiting  features,  and 
if  60  per  cent,  is  figured  for  riveted  joints,  the  thickness  of  the  plate  can 
be  reduced  proportionately  because  you  are  always  sure  of  100  or  more 
per  cent,  strength  if  spot  welding  is  done  with  proper  care. 

D.  C.  Alexander,  Jr.,*  Brooklyn,  N.  Y. — In  mining  work,  manganese 
steel  is  used  for  rails,  crossovers,  and,  I  believe  in  some  vcases,  wheels  on 
mining  cars.  Now,  for  that  sort  of  work  it  has  been  customary,  when  the 
manganese  steel  parts  wore  out,  to  scrap  them  because  there  seemed  to 
be  no  way  of  repairing  them.  A  covered  electrode,  if  it  is  properly  cov- 
ered, will  deposit  the  slag  on  the  molten  metal  so  that  the  constituents  of 
the  original  metal  can  be  retained  in  the  positive  metal.  So  by  starting 
with  a  high  manganese-steel  wire  and  putting  the  suitable  covering  on 
that  -wire,  it  is  possible  to  deposit  on  a  plate,  or  manganese  specimen  of 
some  sort,  12  per  cent,  manganese  steel.  That  in  itself  justifies  the  cov- 
ered electrode  for  that  particular  kind  of  work.  I  imagine  mining  engi- 
neers may  have  occasion  to  build  up  worn  parts  composed  of  high-carbon 
steel.  The  same  effect  can  be  produced  by  using  a  0.7  per  cent,  carbon 
steel  wire,  and  depositing  0.5  per  cent,  carbon  steel,  to  build  up  carbon 
steel  parts. 

The  remarks  made  this  afternoon  about  covered  electrodes  have  been 
a  little  bit  vague  in  some  cases,  and  possibly  some  of  you  have  the  idea 
that  any  kind  of  covering  on  an  electrode  produces  the  same  result. 
I  noticed  in  Mr.  Hobart's  paper  that,  in  some  instances  where  it  did  not 
give  satisfactory  results,  a  great  improvement  could  be  made  by  dipping 
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the  wire  into  the  melted  iron.  That  may  be  correct,  and  some  people 
may  think  they  will  get  a  big  improvement  in  that  way.  But  when 
you  think  about  it,  you  must  reahze  that  in  steel-furnace  practice  you 
must  have  a  suitable  slide,  you  cannot  have  any  kind  of  slide;  similarly 
the  material  used  as  electrodes  must  not  be  selected  because  it  is  cheap 
or  common,  but  because  it  is  the  only  one  found  to  contain  the  proper 
constituents.  What  we  use  is  blue  asbestos,  which  is  not  like  white 
asbestos  at  all.  The  coating  fuses  with  the  steel  and  covers  the  molten 
steel  with  a  thin  slag,  which  keeps  out  the  oxygen  and  prevents  the 
formation  of  oxide.  It  also  maintains  in  the  molten  metal  the  constita- 
ents  of  the  steel  that  we  want  to  .keep  there. 

W.  Spraragen,  *  New  York,  N.  Y, — ^I  would  like  to  call  your  attention 
to  a  slight  t3rpographical  error  in  Table  3,  page  547.  The  current  given 
for  the  60^  bevel  should  be  125  instead  of  168  amp.  The  angle  referred  to 
in  this  table  is  the  angle  on  each  plate,  therefore  the  total  opening  in  each 
weld  will  be  just  double  that  given.  For  instance,  the  total  opening  for 
the  15^  bevel  listed  in  this  table  would  be  30^.  The  statement  is  in  con- 
nection with  article  24,  on  page  546,  and  Mr.  Hobart  states  that  no  phys- 
ical test  has  been  made  on  these  samples.  I  have,  however,  received  from 
the[Electric  Testing  Laboratories  some  results  of  tensile  and  bending  tests 
on  these  specimens;  each  result  given  below  is  an  average  of  three  test 
specimens. 


1 

Angle  of  Bevel  on  PUtes, 
inDegrees 

Total  Openinc,  in 
Degree! 

Ultimate  Strength,  in 
lb.  per  Sq.  In. 

Angle  of  Bevel  at  whidi 
Craek  Starts,  in  DeereM 

15 
30 
45 
60 

30 

60 

90 

120 

44,000 

51,000 
45,300 
48,800 

9 
15 
13 
14 

These  results  seem  to  indicate  that  the  advantages  claimed  by  the 
American  traditions  for  the  very  large  opening  are  rather  questionable  if 
we  also  take  into  account  the  time,  electrode  material,  and  power  saved  by 
the  smaller  angle  of  bevel,  as  shown  in  Table  3.  Obviously  one  could 
have  too  small  an  opening  so  that  the  operator  would  not  have  sufficient 
room  in  which  to  properly  manipulate  his  electrode.  The  results  of  the 
above  test  would  indicate  that  this  point  was  reached  when  the  total 
opening  was  30°. 

J.  C.  Armor,  Pittsfield,  Mass.  (written  discussionf). — ^Mr.  Hobart 
has  presented  a  comprehensive  list  of  points  that  are  of  vital  interest 
in  fusion  welding.  In  connection  with  his  4th  point,  page  527,  Preferable 
Composition  for  Bare  Welding  Wires,  would  say  that  in  alternating- 
current  arc  welding  of  steel  plates  with  bare  electrodes  good  sound  welds 
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can  be  produced  with  wire  that  is  composed  of  practically  pure  iron 
alloyed  with  from  0.02  to  0.65  per  cent,  manganese.  The  brands  of 
welding  wire  that  contain  0.30  to  0.60  per  cent,  manganese  will  generally 
produce  the  strongest  welds,  while  those  carrying  a  very  small  amount 
of  manganese  will,  in  general,  produce  the  softest  welds.  I  have  not  had 
much  success  with  wires  carrying  more  than  0.65  per  cent,  manganese 
or  with  alloying  elements  other  than  manganese. 

In  connection  with  the  7th,  8th,  10th,  and  11th  points,  would  say 
that  there  is  very  little,  if  any,  difference  in  the  quality  of  work  done 
with  alternating  current  and  direct  current,  provided,  of  course,  that 
proper  conditions  are  maintained  in  both  cases.  It  is  as  easy  to  work 
with  alternating  current  as  with  direct  current,  provided  the  alternating- 
current  ''striking"  voltage  is  sufficiently  high.  Any  commercial  fre- 
quency is  suitable  for  arc  welding  if  sufficient  open-circuit  voltage  is 
employed.  The  lower  frequencies  require  somewhat  higher  voltJEiges. 
My  experience  indicates  that  the  speed  of  welding  is  about  the  same 
with  alternating  current  and  direct  current.  An  operator  who  is  ex- 
perienced in  direct-current  welding  usually  adjusts  his  alternating  current 
to  a  value  that  aUows  him  to  manipulate  the  fused  metal  in  the  way  he 
has  always  done  with  direct  current,  with  the  result  that  he  melts  in 
about  the  same  quantity  in  a  given  time. 

In  connection  with  Mr.  Hobart's  20th  point,  Effect  on  Arc  Welding 
of  Voltage  Employed,  it  is,  of  course,  a  well-known  fact  that  the  alternat- 
ing-current arc  is  much  more  easily  extinguished  than  the  direct-current 
arc  and  also  that  the  lower  the  frequency  the  more  easily  is  the  arc 
interrupted.  These  facts  must  be  taken  into  account  in  welding  with 
alternating  current.  The  general  tendency  has  been  to  employ  alternat- 
ing potentials  of  too  low  a  value  for  effective  work,  with  the  result  that 
the  operator  cannot  manipulate  his  arc  properly  and  therefore  has  dif- 
ficulty in  producing  good  work.  This  question  of  open-circuit  potential 
is  extremely  important;  and  if  it  is  desired  to  be  free  to  use  all  welding 
wires  now  on  the  market,  the  "striking"  voltage  for  60  cycles  should 
be  at  least  150  volts.  Good  welds  can  be  made  with  less  voltage  when 
using  certain  brands  of  wire  but  other  brands  will  require  150  volts. 
When  the  voltage  is  too  low,  there  is  a  very  strong  tendency  to  hold  the 
arc  between  the  electrode  and  the  top,  or  outside,  of  the  weld,  with  the 
result  that  the  metal  at  the  bottom  of  the  weld  is  not  fused  in  as  well  as 
it  should  be.  Arc  welding,  even  under  the  best  possible  conditions, 
is  very  trying  to  a  conscientious  operator  and  for  that  reason  the  work 
should  be  done  in  the  easiest  practicable  manner,  as  it  is  impossible  for 
an  operator  to  do  uniformly  good  work  if  he  is  under  a  continuous  strain. 
While  an  expert  may  make  a  few  very  good  test  welds,  using  a  potential 
so  low  that  he  has  the  greatest  difficulty  in  working,  he  will  not  be  willing 
to  work  that  way  day  after  day;  and  if  required  to  do  so  he  will  tend  to 
become  discontented  and  careless.    For  the  reason  just  given,  the  alter- 
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nating-current  potential  employed  for  most  commercial  wires  now  on  the 
market  should,  in  the  writer's  opinion,  be  about  140  or  150  volts. 

In  regard  to  Mr.  Hobart's  28th  point,  Consequences  of  Different 
Lengths  of  Arc,  the  writer's  experience  has  been  that  the  shortest  practi- 
cable arc  produces  the  best  welds.  A  long  arc,  on  the  other  hand,  deposits 
inferior  and  weak  metal  in  the  weld.  No  doubt  this  is  due  to  the  absorp- 
tion of  larger  amounts  of  oxygen  and  nitrogen  from  the  air.  The  question 
of  arc  length  is  certainly  as  important  as  the  electrode  composition  and  the 
secret  of  good  welding  with  most  of  the  commercial  wires  now  on  the 
market  is  found  in  the  maintenance  of  a  very  short  arc  manipulated  so 
that  the  deposited  metal  fuses  into  the  plate  over  the  whole  surface  to 
be  welded. 

S.  V.  GooDALL*  (written  discussion f). — The  thanks  of  those  interested 
in  welding  are  due  to  Mr.  Hobart  for  this  valuabte  paper. 

Mr.  Hobart  omits  to  refer  to  the  investigations  carried  out  by  the 
Welding  Research  Sub-committee  to  ascertain  whether  any  trouble  is  to 
be  expected  from  excessive  corrosion  of  a  welded  joint  exposed  to  sea 
water.  The  point  was  raised,  early  in  1918,  that  on  accoimt  of  the 
difference  in  chemical  composition  and  electrolytic  characteristics  of 
mild-steel  ship  plate  and  the  metal  laid  on  at  the  weld,  it  is  possible  that 
excessive  corrosion  would  set  in  at  the  joint  if  the  protective  and  anti- 
fouling  compositions  were  accidentally  removed  or  otherwise  rendered 
ineffective,  and  the  joint  might  fail  in  consequence.  As  welding  had 
already  been  employed  for  effecting  repairs  to  under-water  parts  of  ships, 
the  Welding  Research  Sub-committee  instituted  inquiries  to  ascertain 
whether  excessive  corrosion  had  been  experienced  in  these  cases;  and 
while  few  replies  were  received,  owing  to  the  fact  that  the  history  of  the 
weld  after  the  repair  was  effected  had  not  been  kept,  no  actual  cases  were 
cited  where  excessive  corrosion  had  occurred. 

The  British  Admiralty  and  the  U.  S.  Navy  Department  are  carefully 
watching  the  effect  of  sea  water  on  welded  joints,  and  under  the  super- 
intendence of  Commander  H.  G.  Knox  of  the  U.  S.  Construction  Corps, 
a  series  of  tests  on  the  corrosion  of  welded  joints  made  with  various  types 
of  electrodes  is  being  carried  out  at  the  Norfolk  Navy  Yard.  The  Bureau 
of  Standards  is  also  investigating  this  matter.  So  far  the  experience 
at  present  available  and  the  opinions  obtained  lead  to  the  conclusion 
that  no  danger  need  be  feared  from  excessive  corrosion  of  a  weld  on  serv- 
ice; further  experience,  however,  is  considered  necessary  before  this 
question  can  be  regarded  as  definitely  settled. 

With  regard  to  the  application  of  spot  welding  to  shipbuilding, 
Mr.  Hobart  states  that  it  is  planned  that  bulkheads,  frames,  floors,  and 
other  parts  shall  be  spot-welded  and  then  transported  to  their  places  in 
the  ship.  This  sounds  attractive;  but  the  shipbuilder  will  at  once  ask 
how  the  cost  of  such  spot  welding  compares  with  that  of  riveting.    The 
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riveting  of  parts  such  as  those  mentioned  can  be  done  in  shops  or  sheds, 
and  is  comparatively  inexpensive.  If  it  is  to  be  displaced  by  spot  welding, 
this  latter  process  must  be  considerably  cheaper  than  I  understand  it 
to  be;  and  if  Mr.  Hobart  could  add  particulars  as  to  the  relative  cost 
of  spot  welding  and  riveting  such  members,  it  would  add  to  the  value 
of  this  part  of  the  paper.  With  regard  to  the  adoption  of  spot  welding 
for  work  at  the  ship,  there  are  many  difficulties  ahead  for  those  ship- 
builders who  attempt  this  work;  this  opinion  is  based  on  experience  with 
portable  hydraulic  riveters  in  ship  construction  and  is  altogether  apart 
from  the  practicability,  or  otherwise,  of  efficiently  connecting  two  heavy 
plates  by  spot  welding.  Even  in  this  latter  respect  it  must  be  remembered 
that  there  is  considerable  difference  between  the  spot  welding  of  two  small 
thick  plane  plates  in*  a  shop  and  the  spot  welding  of  two  large  non-planar 
plates  forming  the  complex  structure  of  a  ship.  Moreover,  spot  welding, 
compared  with  line  welding,  possesses  the  disadvantage  that  economy 
of  steel  is  not  likely  to  be  so  great. 

Mr.  Hobart,  in  presenting  the  paper,  rather  ineffectively  trailed  the 
coat-tails  of  the  bare-wire  advocates  in  the  face  of  those  who  believe  in 
covered  electrodes.  In  Great  Britain,  shipbuilders  and  engineers  are 
not  paying  the  additional  price  of  covered  electrodes  for  philanthropic 
reasons;  as  soon  as  they  are  convinced  that  the  bare  electrode  will  give 
as  good  and  as  uniform  results  as  the  more  costly  covered  wire,  Mr. 
Hobart  may  rest  assured  that  the  bare  electrode  will  be  freely  used  in 
that  country.  But  I  am  bound  to  say  that  present  experience  in  Great 
Britain  indicates  that  the  covered  electrode  gives  superior  results  and 
gives  such  results  more  uniformly,  the  superiority  being  particularly 
indicated  in  fatigue  tests,  which  is  an  extremely  important  matter  if 
welding  is  to  be  employed  on  parts  of  ships  contributing  to  general 
structural  strength.  Mr.  Hobart  states  that  one  type  of  electrode  must 
yield  results  uniformly  superior  to  those  obtained  with  another  type  in 
order  to  afford  economic  justification  for  a  five  times  greater  price. 
It  is  not  considered  that  this  matter  can  be  summed  up  in  this  manner  in 
regard  to  shipbuilding  if  electric  welding  is  employed  on  such  parts  that 
the  resulting  joint  is  of  importance  in  the  general  structural  strength. 
If,  by  using  a  high-priced  electrode,  the  desired  minimum  standard  of 
strength  can  be  always  attained  with  certainty,  while  the  lower  priced 
electrode  cannot  be  relied  on  to  attain  such  a  standard  at  all  times,  the 
shipbuilder  would  not  be  justified  in  using  the  cheaper  article,  imless  it 
were  possible  to  subject  all  the  joints  to  some  test  that  would  imitate  in 
quantity  and  quality  the  forces  that  will  be  brought  upon  the  joints  on 
service.  The  cost  of  such  tests  might  offset  the  lower  cost  of  bare 
electrodes.  Moreover,  if  two  different  types  of  electrodes  were  used  on 
a  ship — the  cheaper  where  strength  is  not  of  much  importance  and  the 
more  expensive  where  structural  strength  is  vital — extremely  careful 
supervision  would  be  necessary,  and  it  would  probably  be  more  practi- 
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cable  for  the  shipbuilder  to  adopt  the  higher  priced  article  throughout. 

It  is  desired  to  emphasize  point  30  of  Mr.  Hobart's  paper,  on  the 
necessity  of  a  clean  surface  for  fusion  welding.  Some  of  the  unsatisfac- 
tory work  that  I  have  seen  is  due  to  the  attempt  to  weld  together  plates, 
etc.,  having  surfaces  that  are  oily  or  are  otherwise  insufficiently  clean. 

R.  P.  Jackson,*  Pittsburgh,  Pa.  (written  discussion t). — ^Both  the 
varied  and  somewhat  conflicting  information  set  forth  in  Mr.  Hobart's 
paper  and  that  obtained  by  observation  and  experience  indicate  that  in 
a  large  measure  electric  welding  is  an  art  rather  than  a  science.  While 
it  is  obvious  that  a  great  deal  can  be  done  in  the  way  of  eliminating  the 
useless  and  fake  elements,  after  all  that  a  scientific  investigation  can  con- 
tribute has  been  taken  into  account,  the  actual  production  of  safe  welds 
is  essentially  a  personal  problem.  A  skillful  welder  will  do  some  very 
creditable  work  with  a  variety  of  materials  and  equipment  and  an  unskill- 
ful one  will  do  poor  and  unreliable  work  with  the  most  perfect  equipment. 

It  is  this  feature  of  the  essential  dependence  on  the  skill  of  the  individual 
welder  that  has  been  such  a  handicap  to  the  more  extended  use  of  welding. 
The  difficulty  is  that  a  designing  engineer  la3ring  out  his  computations  and 
drawings  cannot  know  with  any  degree  of  certainty  what  he  can  depend 
on  in  the  way  of  a  joint  as  compared  with  riveted  work  put  up  with  a  very 
moderate  degree  of  skill  but  capable  of  being  checked  by  inspection. 

While  this  comment  does  not  disparage  the  necessity  of  research  work 
and  particularly  of  a  greater  degree  of  publicity  as  to  the  actual  facts, 
its  purpose  is  to  accentuate  the  necessity  of  training  welders  and  inspect- 
ors. The  writer  feels  that  no  extensive  undertaking  like  shipbuilding 
can  be  worked  out  except  as  a  result  of  the  building  up  of  a  welding  organ- 
ization, comprising  a  superintendent,  inspectors  and  welders  who  are 
conscientious  and  know  their  job.  Without  such  an  organization,  no 
cautious  engineer  woulc)  specify  the  use  of  welding  for  the  obvious  reason 
that  he  could  not  be  sure  what  he  would  get.  With  such  an  organization, 
on  the  other  hand,  there  is  almost  no  engineering  structure  that  could 
not  be  undertaken,  with  the  only  limitation  as  to  the  amount  of  welding 
to  be  the  accessibility  of  the  assembled  structure  for  the  proper  welding 
operation. 

Static,  Dynamic  and  Notch  Toughness 

Discussion  of  the  paper  of  S.  L.  Hott,  presented  at  the  New  York  meeting,  FebruaTy, 
1919,  and  printed  in  BuUetin  No.  146,  February,  1910,  p.  330. 

J.  A.  Mathews,}  Syracuse,  N.  Y.  (written  discussion!) . — ^This  paper 
by  Prof.  Hoyt,  together  with  the  papers  by  Messrs.  Jeffries,  Clayton, 
Rawson,  and  Moore,  submitted  at  this  meeting,  constitute  a  valuable 
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symposium  on  what  might  be  called  the  "mechanism  of  failures. ''  Prof. 
Hoyt  has  not  emphasized  too  strongly  the  importance  of  the  notched- 
bar  test,  or  the  notch  as  a  feature  of  a  structural  design.  There  has 
been  a  good  deal  of  misunderstanding  in  reference  to  the  value  of  the 
notched-bar  test,  and  various  vibratory  tests  such  as  the  Wohler,  White- 
Souther,  Stanton,  and  Upton-Lewis  have  been  devised.  This  form  of 
testing  has  received  more  attention  abroad  than  it  has  here,  and  has  been 
the  subject  of  a  great  many  very  careful  investigations.  I  have  heard 
many  expressions  of  surprise  at  the  apparent  lack  of  agreement  between 
the  results  of  vibratory  tests  and  the  results  of  shock  tests.  It  is  not 
necessary  that  the  values  obviously  should  agree,  because  obviously 
different  properties  are  being  tested. 

In  reference  to  the  presence  of  notches  or  sharp  corners  in  the  construc- 
tion of  machines  or  parts,  would  say  that  these  more  frequently  lead  to 
fatigue  failures  than  to  typical  notch-bar  failures  due  to  sudden  impact. 
I  havfe  seen  a  number  of  airplane  crankshafts  that  had  apparently  failed 
due  to  a  keyway  that  was  left  with  fairly  sharp  angles  at  the  bottom. 
The  material  satisfactorily  responded  to  every  test,  including  the  notched- 
bar  test,  nevertheless  the  shafts  failed,  showing  a  fatigue  break,  usually 
spiral  and  sometimes  making  at  least  one  complete  turn  around  the  shaft. 

The  lack  of  concordance  between  supposedly  duplicate  notched-bar 
tests  in  my  experience  has  been  most  often  due  to  lack  of  care  in  the  mach- 
ining of  the  test  piece  itself.  Prof.  Hoyt  draws  attention  to  a  report  of 
Charpy  in  1909,  in  which  two  steels  of  almost  identical  physical  prop- 
erties show  very  different  results  in  the  notched-bar  test.  He  states 
that  the  microstructure  at  once  showed  that  one  steel  was  in  poorer  con- 
dition than  the  other.  More  recent  experience  has  shown  other  cases 
of  this  kind  where  not  even  the  microstructure  serves  to  reveal  any 
startling  differences  in  structure. 

The  notched-bar  test  serves  admirably  to  detect  faulty  heat  treat- 
ment, as  well  as  to  detect  defects  in  the  material  itself.  The  typical 
alloy  steels  for  the  most  part  have  a  fairly  wide  range  within  which  heat 
treatments  can  be  performed  without  showing  any  marked  differences  in 
the  ordinary  tensile  qualities.  When  the  temperature  becomes  too 
high  there  is  apt  to  be  a  falling  off  in  elongation  and  reduction,  but  not 
very  marked.  The  differences  in  the  shock-resisting  qualities,  however, 
are  much  greater  than  would  generally  be  supposed  from  examination  of 
the  tensile-test  data. 

The  true  function  and  differences  between  vibratory  and  notched-bar 
tests  are  very  clearly  pointed  out  in  a  letter  from  Dr.  T.  E.  Stanton,  of  the 
National  Physical  Laboratory,  a  copy  of  which  was  furnished  me  by  Sir 
Robert  Hadfield.  Dr.  Stanton  says:  ''In  the  first  place  it  may  be  men- 
tioned that  the  determination  of  the  fatigue  range  of  stress  will  involve 
generally  about  five  or  six  separate  tests  on  similar  specimens  prepared 


762  discussion:  new  tork  MSETiNOy  1919 

from  the  same  bar.  For  the  preliminary  test  a  range  of  stress  is  chosen 
which  will  cause  the  failure  of  the  specimen  after  about,  say,  100,000 
reversals.  For  the  succeeding  tests,  this  range  is  gradually  reduced 
until  the  maximum  range  is  found  for  which  no  failure  will  take  place 
for  however  long  the  test  is  carried  on.  I  think  there  can  be  no  doubt 
that  this  maximum  range  of  stress  for  an  unlimited  number  of  repetitions 
is  the  most  valuable  strength  characteristic  of  the  material  which  a 
designer  of  structures  or  machines  can  possess. 

''In  the  second  place,  it  must  be  fully  recognized  that  the  test  does 
not  attempt  to  discriminate  between  brittle  and  tough  materials,  which 
is,  of  course  the  function  of  impact  testing.  Considerable  criticism  has 
been  passed  on  the  fatigue  tests  because  material  which  is  known  to  be 
brittle  often  gives  a  high  value  of  fatigue  range  of  stresses.  TUs  criticism, 
however,  is  based  on  an  imperfect  knowledge  of  the  limitations  of  the 
test." 

Please  note  the  expression  Dr.  Stanton  uses,  namely  ''the  fatigue 
range  of  stress. "  In  fatigue  tests,  so  far  as  they  have  been  considered 
for  the  most  part  in  this  country,  we  have  considered  a  single  value  or 
determination  by  any  of  the  numerous  methods  of  vibratory  tests  as  an 
indication  of  quality  or  properties  in  itself,  just  as  we  would  speak  of  a 
Brinell  hardness  number.  The  use  which  Dr.  Stanton  proposes  for  this 
test  is  apparently  quite  different.  He  states  the  true  function  of  the 
fatigue  test  to  be  "the  determination  of  the  maximum  working  stress 
to  which  material  may  safely  be  subjected  in  practice,"  and  he  pre- 
supposes that  the  material  has  a  satisfactory  microstructure  and  that 
the  toughness,  as  revealed  by  the  notched-bar  impact  test,  is  sufficient 
for  the  purpose  for  which  the  material  is  to  be  used. 

Prof.  Hoyt's  paper  is  dealing  primarily  with  external  notches.  In  my 
judgment,  an  even  more  important  consideration  is  internal  notches  in 
the  form  of  flakes,  slag  inclusions,  bursts,  pipes,  and  all  kinds  of  interior 
defects.  The  external  ones  can  be  seen  and  avoided;  the  internal  ones 
are  more  difficult  to  detect.  In  this  connection,  I  would  like  to  call 
attention  to  a  most  interesting  paper  by  Dr.  Andrew. McCance,  entitled 
"Non-metallic  Inclusions  and  Their  Constitution  and  Occurrence  in 
Steel,"  which  was  presented  at  a  meeting  of  the  Iron  and -Steel  Institute 
of  Great  Britain  in  May,  1918.  I  will  quote  the  opening  paragraph  of 
this  paper,  which  is  very  striking: 

"The  important  part  which  non-metallic  inclusions  play  in  causing 
failures  and  producing  defects  in  all  manner  of  steel  products  is  not  yet 
fully  realized.  Much  defective  steel  is  bad  solely  because  of  the  number 
of  non-metallic  particles  which  it  contains,  and  fully  90  per  cent,  of  the 
failures  due  to  faulty  material,  which  have  come  under  the  author's 
notice,  have  been  traceable  to  this  cause  alone." 

There  is  food  for  much  thought  in  that  paragraph,  and  subsequent 
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discussion  by  the  author,  showing  how  these  inclusions  may  be  and  are  a 
potential  source  of  failure,  is  worth  serious  study.  The  most  minute  of 
these  inclusions  may  lead  to  what  have  been  designated  as  hair  lines. 
These  are  so  minute  that  they  only  appear  on  the  ground  and  finished 
surface,  and  often  require  a  lens  for  their  detection.  The  number  of 
them  present  in  different  steels  varies  tremendously.  In  a  series  of  tests 
made  by  grinding  and  inspecting  large  surfaces,  the  relative  frequency  of 
hair  lines  was  about  as  follows:  In  basic  open-hearth  steel  an  average  of 
46  hair  lines  was  noted;  in  acid  open-hearth  steel,  the  average  was  23;  and 
in  electric  steel,  the  average  was  6.  In  a  great  many  electric  heats  that 
I  have  seen  tested  in  this  way,  no  hair  lines  whatever  were  detected.  Not 
only  the  number,  but  the  relative  size  of  the  hair  lines  was  very  different 
in  the  electric  from  those  seen  in  the  open-hearth  steels;  they  were  very 
much  shorter  and  less  conspicuous,  as  well  as  less  frequent. 

It  is  my  opinion  that  if  designers  were  fully  acquainted  with 
the  materials  they  were  using  they  could  design  much  lighter  parts, 
because  they  would  be  able  to  design  with  reference  to  a  fairly  definite 
factor  of  safety,  whereas  at  present  they  mostly  employ  a  generous 
factor  of  ignorance.  It  has  taken  the  very  serious  jolt  of  the  war  to 
bring  about  the  intensive  study  and  codperatioD  in  regard  to  these 
problems  which  we  see  today,  and  this  has  brought  about  an  appreciation 
of  high  quality  in  materials  that  did  not  formerly  exist. 

Paui,  D.  Mehica,*  Washington,  D.  C.  (written  discussionf). — 
Prof.  Hoyt  has  well  emphasized  the  danger  of  failure  in  ferrous  materials 
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of  construction  that  attends  the  simultaneous  presence  of  sharp  offsets 
in  section,  or  notches,  and  a  thoroughly  crystalline  structure  of  the  net- 
work type.  This  combination  is  found  to  be  a  dangerous  one  also  in 
non-ferrous  materials.  Thus  in  an  investigation  made  several  years  ago 
of  a  number  of  failures  of  brass  and  bronze^  a  number  of  naval  brass 
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rivets  were  examined,  some  of  which  had  stripped  off  at  the  head  during 
several  months,  others  of  which,  however,  had  remained  intact.  It  is 
obvious  that  the  offset  at  the  shoulder  or  head  of  the  rivet  forms  a  sharp 
angle  at  which  tensile  stresses  on  the  rivet  are  severely  localized,  and  those 
rivets  that  had  broken,  broke  at  this  point.  The  photograph  shows  the 
structure  typical  of  those  that  broke;  the  metal  consisted  of  grains  of  the 
beta  surrounded  by  complete  envelopes  of  the  alpha  constituent.  The 
fracture  was  intercryBtalline  and  along  these  envelopes.  The  majority  of 
those  rivets  that  had  not  broken,  but  which  had  been  removed  for  exami- 
nation, showed  a  quite  satisfactory  and  fine  structure  free  from  gross 
network. 

I  have,  elsewhere,'  called  attention  to  the  significance  of  the 
notch  in  determining  the  phenomenon  of  corrosion  cracking  in 
brass  and  bronze.  It  appears  that  corrosion  is  much  more  severe  at 
the  bottom  of  sharp  notches  or  offsets  in  such  materials  than  at  other 
parts,  when  the  article  is  under  tensile  stress,  and  may  actually  determine 
failure  at  such  points  if  the  stresses  are  severe.  H.  S.  Rawdon'  has 
corroborated  this  fact  in  the  course  of  some  very  interesting  studies  on  the 
corrosion  of  Muntz  Metal. 

Georges  Charpy,*  Paris,  France  (written  discussion  t). — We  have 
read  with  much  interest  Prof.  Hoyt's  paper  on  the  toughness  of  steels  con- 
sidered from  the  new  points  of  static  or  dynamic  tests,  and  of  notch  tests. 
Prof.  Hojrt  has  ably  presented  the  question,  illustrating  with  the  most 
convincing  photographs,  and  metallurgists  will  thank  him  for  his  work. 

Injluence  of  the  Speed  of  Impact. — ^The  writer  believes  that  one 
should  guard  against  exaggerating  the  importance  of  the  influence  of  the 
speed  of  test.  It  seems  to  have  been  proved,  by  numerous  experiments, 
that  when  the  test  is  kept  within  practical  limits  the  speed  does  not 
exert  a  preponderating  influence.  The  results  of  the  static  test  diff^ 
much  from  the  results  of  the  dynamic  test,  but  the  proved  differences 
do  not  exceed  a  few  units  per  cent,  in  the  most  favorable  conditions; 
that  is,  they  are  of  the  order  of  magnitude  of  the  differences  observed 
from  one  experiment  to  the  other  in  the  same  series. 

About  15  years  ago,  the  writer  made  some  tests  on  resistance  to 
impact  in  which  the  ram  (drawing  with  it  the  resisting  bar)  fell  about 
50  m.,  with  a  speed  of  impact  of  about  30  m.  per  sec.  The  energy 
absorbed  by  the  rupture  in  these  conditions  did  not  differ  notably  from 
the  energy  absorbed  in  the  course  of  the  test  on  the  static  machine 
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(length  of  test«l  min.)  calculated  diagrammatically.  For  the  notch 
testSy  the  question  seems  to  present  itself  in  the  same  manner.  Attention 
was  attracted  20  years,  or  more,  ago  to  the  factor  of  speed  by  the  experi- 
ments of  Considdre,  but  the  results  of  these  seem  to  have  been  falsified 
by  an  error  of  interpretation,  and  it  would  seem  wise  not  to  take  them 
into  account. 

Influence  of  Treatment  of  Materials  on  ResvUs  of  Impact  Test, — The 
author  has  very  ably  brought  forward  the  importance  of  effect  of  the 

■ 

treatment  undergone  by  the  steel  on  the  manner  in  which  it  behaves 
in  an  impact  test;  it  is  an  observation  that  the  writer  has  often  made. 
A  metal,  even  if  it  is  not  of  exceptional  quality,  being  given  the  coefficients 
of  safety  ordinarily  admitted,  if  it  is  well  treated,  can  furnish  pieces 
that  will  give  excellent  service.  On  the  contrary,  if  metal  is  not  treated 
at  all,  or  is  treated  in  a  wrong  way)  even  though  it  may  be  sound  and 
unalloyed,  it  will  furnish  very  unsatisfactory  pieces.  The  impact  tedt 
on  notches  seems  to  the  writer  valuable  for  discovering  this  absence  of 
treatment,  or  defects  in  the  treatment  because,  of  all  the  ordinary  tests, 
it  is  the  only  one  that  shows  these  points  with  exactness. 

That  is  the  reason  that  the  writer  believes,  with  the  author,  that 
the  localization  by  the  notch  in  a  specified  section  is  an  essential  condition 
of  the  impact  test.  It  is  not  necessary  to  seek  the  local  faults  that  may 
be  shown  by  other  methods,  but  only  to  point  out  precisely  the  physical 
state  as  a  whole  of  the  metarconstituting  the  piece  to  be  tested.  It  is 
therefore  necessary  to  make  the  test  on  a  deliberately  chosen  region, 
and  to  shield  oneself  as  much  as  possible  from  the  local  accidents  that 
falsify  the  results  as  a  whole. 

Definition  of  Notch. — The  author  describes  judicially  the  influence 
of  the  shape  of  the  notch  on  impact  tests;  the  writer  beUeves  that  it 
would  be  a  considerable  advantage  in  comparing  experiments  if  the 
notches  were  rigidly  standardized.  All  observers,  at  the  present  time, 
seem  agreed  in  recognizing  that  the  bar  of  10  by  10-mm.  section  is  the 
best  adapted- to' the  current  practice  of  the  workshop;  the  lengths 
employed  vary  scarcely  more  than  from  53.3  to  60  mm.  But  we  find,  in 
scientific  hterature,  an  amazing  diversity  in  the  shape  of  the  notches; 
some  use  the  sharp-pointed  superficial  notch;  others,  the  deep  round 
notch;  and  all  intermediate  types  are  represented.  How,  under  these 
conditions,  can  we  compare  the  results  obtained  in  one  laboratory  with 
those  of  another;  the  results  of  one  experimenter  with  those  of  another? 

Jitter  a  long  series  of  tests  and  of  practical  observations,  the  writer 
believes  that  the  best  notch  is  the  deep  one  (mid-thickness),  and  round. 
It  seems  to  present  the  foUowing  advantages:  (1)  It  can  be  determined 
with  the  greatest  exactness,  since  it  can  be  obtained  with  the  drill. 
(2)  Like  all  deep  notches,  it  reduces  in  the  whole  work  of  rupture,  the 
proportion  of  the  work  of  bending  in  reference  to  the  work  of  detaching 
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riveta  were  examined,  some  of  which  had  stripped  off  at  the  head  during 
several  months,  others  of  which,  however,  had  remained  intact.  M  "^ 
obvious  that  the  offset  at  the  shoulder  or  head  of  the  rivet  formfl  a  sharp 
angle  at  which  tensile  stresses  on  the  rivet  are  severely  localized,  and  o"* 
rivets  that  had  broken,  broke  at  this  pomt.    The  photograph  shows  m 
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structure  typical  of  those  that  broke;  the  metal  consisted  of  grains 
beta  surrounded  by  complete  envelopes  of  the  alpha  constituent, 
fracture  was  intercryatalline  and  along  these  envelopes.  The  majon  y 
those  rivets  that  had  not  broken,  but  which  had  been  removed  fw  ^*^ 
nation,  showed  a  quite  satisfactory  and  fine  structure  free  itom  P 
network. 


I  have,  elsewhere,'  called  attention   to   the  significance 
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notch    in    determining    the    phenomenon    of  corrosion   cracku: 
brass  and  bronae.     It  appears  that  corrosion  ia  much  more  sev 
the  bottom  of  sharp  notches  or  offsets  in  such  materials  than  a' 
parts,  when  the  article  is  under  tensile  stress,  and  may  actually  det 
failure  at  such  points  if  the  stresses  are  severe.    H.  S.  Rawd 
corroborated  this  fact  in  the  course  of  some  very  interesting  studie 
corrosion  of  Muntz  Metal. 

Gborqes  Chabpt,*  Paris,  Fr^ce  (written  discussionf). — 
read  with  much  interest  Prof,  Hoyt's  paper  on  the  toughness  of  f 
sidered  from  the  new  points  of  static  or  dynamic  tests,  and  of  d' 
Prof.  Hoyt  has  ably  nresented  the  auestion,  illuBtratiur  wi^ 


766  discussion:  new  york  meeting,  1919 

the  surfaces,  this  last  being  the  most  interesting  in  the  phenomenon  of 
fragility.  (3)  Its  making  does  not  affect  the  physical  state  of  the  metal 
around  it  (hardening  undergone  by  the  steel  in  the  case  of  notches  made 
by  the  wedge). 

In  the  writer's  opinion,  a  capital  point  will  be  accomplished  the  day 
that  the  different  experimenters  adopt  one  style  of  notched  bar.  As  noted 
in  the  preceding,  the  writer  favors  a  bar  10  by  10  by  60  mm.,  with  a  round 
notch  3  mm.  in  diameter  and  5  mm.  deep.  This  notch  was  recently 
defined  by  a  sub-committee  specially  appointed  by  the  French  Commis- 
sion for  the  Unification  of  Terms  of  Reference.  This  sub-committee 
was  composed  of  M.  Mesnager,  Chief  Engineer  of  Bridges  and  Roadways, 
Director  of  the  Laboratory  of  Bridges  and  Roadways  in  Paris;  M. 
Cellerier,  Director  of  the  Testing  Laboratory  of  the  Conservatory  of 
Arts  and  Trades  in  Paris;  and  M.  Charpy,  General  Secretary  of  the 
Commission  for  the  Unification  of  Terms  of  Reference. 
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INDUSTRIAL  SECTION 

This  department  is  devoted  to  material  conoeminff  the  i)roduct8  or  operations 
of  manufaeturers.  whieh,  in  the  estimation  of  the  Editor,  is  of  news  value  to  the 
mining  and  metallurgical  field  but  does  not  come  within  the  scope  of  the  main 
editorial  section  of  the  Bulletin. 

Manufacturers  are  invited  to  submit  to  the  Editor  items  descriptive  of  new 
equipment  or  processes,  larae  or  significant  installations,  and  similar  material 
of  news  character.  If  founaavailable,  items  thus  furnished  will  be  published  in 
this  section  without  charge,  subject  to  such  editorial  revision  and  condensation 
as  may  be  necessary. 

In  cases  where  iUustrations  are  required,  cuts  of  the  proper  size  should 
accompany  the  text  matter.  . 


''RAPID"  ELECTRO-MAGNETIC  ORE  SEPARATORS 

The  magnetic  separator  for  treating  ores  permeated  with  strongly  ma^etic 
and  feebly  magnetic  materials  is  increasingly  being  recognized  as  a  necessitv  in 
the  concentration  of  ores  whose  specific  gravities  are  too  much  alike  to  allow 
of  separation  by  means  of  concentration  on  tables.  The  Rapid  Magnetting 
Machine  Co.,  Ltd.,  of  Birmingham,  Eng.,  claims  to  be  the  first  firm  in  the 
British  Empire  to  put  on  the  market  a  magnetic  separator,  of  British  inven- 
tion and  manufacture,  for  the  separation  of  feebly  magnetic  ores;  for  instance, 
wolfram-tin,  wolfram-bismuth,  monazite  sands,  zinc  blende,  etc. 

The  "Rapid"  Type  0  electro-magnetic  three-pole  three-disk  separator  con- 
sists of  a  three-pole  powerful  electro-magnet  stationed  under  an  endless  traveling 
rubber  feed  belt,  on  to  which  the  ore  ia  fed  in  a  thin  even  stream,  or  layer,  passing 
the  pole  pieces  successively.  Above  the  belt,  adjustable  laterally  and  vertically 
from  the  first  pole,  is  a  horizontal  disk  of  larger  diameter  than  the  width  of  the 
belt.  The  edges  of  this  disk  immediately  over  the  belt  are  magnetized  by  induc- 
tion sufficiently  to  attract  iron  and  highly  magnetic  material  from  the  ore  on  the 
feed  belt,  which,  as  the  disk  revolves,  is  carried  on  its  edge  out  of  the  magnetic 
influence,  and,  when  overhanging  the  belt,  falls  off  by  gravity  and  is  there  col< 
lected.  The  first  edge  is  of  lowest  intensity;  the  second,  of  slightly  higher  in- 
tensity. The  ore  passes  along  until  it  reaches  the  second  revolving  disk,  which 
is  situated  above  and  between  two  of  the  magnet  poles,  where  the  magnetic  lines 
of  force  are  concentrated  through  the  feed  belt  and  ore  to  the  disk,  which  is 
shaped  so  that  an  intense  induced  magnetic  field  is  produced  on  its  edges  on  that 
section  actually  over  the  magnet  poles,  attracting  the  coarser  feebly  magnetic 
material,  carrying  and  depositing  it  while  overhanging  the  edge  of  the  feed  belt 
where  the  magnetic  influence  is  nil,  or  the  change  of  polarity  causes  its  release. 

LEYNER  OIL  FURNACE,  NO.  3 

The  combustion  chamber  is  a  peculiar  and  distinctive  feature  of  the  Leyner 
Oil  Furnace,  sold  by  the  Ingersoll-Rand  CJo.,  New  York.  It  insures  an  intimate 
mixture  of  vaporized  oil  and  air  in  the  lower  part  of  the  chamber,  where  they  are 
heated  to  such  a  point  that  complete  combustion  takes  place  in  the  upper  part  of 
the  chamber,  the  gases  burning  with  a  blue  transparent  flame  in  close  proximity 
to  the  tools  to  be  heated.  The  lining  consists  of  six  pieces  of  the  very  best  heat- 
resulting  material  obtainable  and  is  of  such  shape  as  to  be  easily  placed.  The 
front  tile  is  cut  out  on  top  to  conform  to  the  casting  while  the  back  tile  is  carried 
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up  to  the  full  height  and  provided  with  an  opening  to  receive  a  renewable  plug 
against  which  the  flame  impinges. 

The  burner  of  the  low  pressure  type  is  comparatively  noiseless  in  operation, 
and  will  operate  equally  well  on  air  supplied  from  a  low-pressure  (12  oz.  to  20 
lb.)  or  high-pressure  (20  lb.  or  higher)  source.  If  low-pressure  air  is  used,  the 
burner  is  equipped  with  larger  pipes  and  valves  leading  to  it.  To  enable  the . 
operator  to  secure  a  very  short  heat  on  the  drill  steel,  a  flame  blower  has  been 
attached  to  the  front  of  the  furnace.  This  is  a  perforated  air  pipe  arranged  to 
direct  the  heated  gases  toward  the  back  of  the  combustion  chamber,  so  that  the 
steel  is  heated  only  at  the  point  where  the  forging  is  to  be  done. 

INDUSTRIAL  NOTES 

The  Traylor  Eng.  A  Mfg.  Co.,  of  Allentown,  Pa.,  is  building  for  the  Michigan 
Limestone  k  Chemical  Co.,  of  Rogers  City,  Mich.,  the  largest  gyratory  crusher 
that  has  been  turned  out  of  any  plant,  it  has  a  60-in.  opening  and  a  capacity 
of  3000  tons  per  hour. 

The  New  Jersey  Zinc  Co.  has  removed  from  its  quarters  at  55  Wall  St.  to 
160  .Front  St.,  New  York. 

The  A.  J.  Meier  Co.  has  removed  its  offices  to  1903  Boatman's  Bank  Bldg., 
St.  Louis,  Mo. 

TRADB  CATALOGS 

(Under  this  heading  will  be  listed  such  catalogs  or  other  adver- 
tising literature  as  may  be  received  during  the  preceding  month. 
Contributors  should  address  their  material  to  Engineering 
Societies  Library,  29  West  39th  St.,  New  York.) 

Arthur  Knapp  Enqinebring  Corpn.    New  York,  N.  Y. 
Modern  thread  inspection  equipment.    1918. 

Baldwin  Locomotfve  Works.    Philadelphia,  Pa. 

The  Fifty-thousandth  Locomotive.    Record  No.  92.     1918. 

J.  P.  Devine  Co.  Buffalo,  N.  Y.  Vacuum  chamber  dryers.  Bulletin  lOlA. 
High  efficiency  perfectly  balanced  vacuum  evaporators.  Bulletin  No.  106. 
High  efficiency  vacuum  pumps.    Bulletin  No.  107. 

General  Electric  Co.    Schenectady,  N.  Y. 

Bulletin  No.  40400B.    Belt-driven  alternators.    Form  PB.    Jan.,  1919. 
Index  to  supply  part  bulletins.    Jan.,  1919. 

National  Co.    Boston,  Mass. 

Presto  holder.    For  engineers'  and    architects'  offices,   drawing  roomSy 
machine  shops,  construction  jobs,  ship  yards,  libraries  and  any  place  where 
records,  charts  or  schedules  are  used. 
National  Quick  Attaching  I-Beam  and  Channel  Clamps.    Bulletin  101. 

Chas.  a.  Schibren  Co.    New  York,  N.  Y. 
Price  list  of  Schieren  Beltings. 
The  Story  of  Schieren  Beltings.     1919. 

Walworth  Manufacturing  Co.    Boston,  Mass. 
The  Walworth  Log.     Feb.,  1919. 

Westinghouse  Electric  and  Manufacturing  Co.    East  Pitt8burgh,F8. 
Westinghouse  alternating-current  motors.    Catalog  33.    Deo.,  1918. 
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Concentrated,  economical  hoist 
power  is  a  vital  element  in  every 
profit  and  loss  account. 

Vulcans  include  every  device  that 
assure  economy  and  safety.  Vulcan 
Hoists  cannot  overwind.  Vulcan 
brakes  hold  the  drum  absolutely- 
stationary,  even  against  the  lull  driv 
ing  power  of  motor  or  engine. 

It  is  the  proven  performance  of 
Vulcan  Hoists  that  best  demonstrate 
Vulcan  superiority.  Statistics  prove 
their  maintenance  costs  are  lowest 
when  based  on  revenue  haulage.  Ask 
us  to  give  you  full  data. 

Many  of  the  largest — and  most 
prosperous  —  firms  throughout  the 
country  have  standardized  on  Vulcan 
Hoists. 


VULCAN  IRON  WORKS 

1744  Main  Street,  WILKES-BARRE.  PA. 

NEW  YORK  CHICAGO 

when  writinc  kdvartiicn.  'i  { 
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Jamuny,  1919 

The  Engineering  Societies  library  is  prepared  to  supply  the  original,  or  a  copy, 
translation,  or  abstract  of  any  paper  mentioned  in  the  following  index,  at  the  foOowing 
rates: 

Translations,  per  1000  words:  German  or  French,  $3.50;  other  languages, 

$4.60  ana  upward,  by  arrangement. 
Oopies  of  articles,  maps,  drawings,  etc. 

Photoprints,  10  by  14  in.,  per  sheet $0.20 

Typewritten,  per  1000  words 1.00 

$1.50 
for  oeriodicals 
mailea  from  the 
Library. 

Address  communications  relating  to  the  Index  to  Engineering  Societies  Ubraijr, 
29  West  80th  Street,  New  York. 

In  the  following  Index,  volume  numbers  are  given  in  heavy-faced  figures,  page 
numbers  in  light-laced  figures.    Approximate  number  of  words  is  stated; 

Pa«b 

Mineral  Resources (6) 

Mining  Qeology  and  Mining  Practice (10) 

Ore-dressing  and  Preparation  of  Coal (12) 

CotA  and  (3oke (14) 

Petroleum  and  (Jas (18i 

Metallurgy  of  Iron  and  Steel pO) 

Metallurgy  of  Non-ferrous  Metals (28) 

MINERAL  RESOURCES 

(Exoept  Petroleum  and  Gu.    See  aleo  Mining  Geology  and  Mining  Practice.) 


Africa 

DIAMONDS,    Kimberley:    eepeoially    cleavage' 
diamondfl.     J.  R.  Sutton,  Chem.  News  (Jan. 
24,  1919)  lis,  38-41.     3600  w.     Serial. 

GOLD  fields — Rhodeaian  Development  Co., 
Year  with  the.  So.  Aft.  Min.  JrU.  (Nov.  30, 
1918)  SS,  265.  700  w.  Reviews  position  of 
subsidiaries. 

NICKEL.  T.  G.  Trevor,  So.  Afir.  Jnl  of  Ind. 
(Nov..  1918)  1,  1385-94.  5000  w.  De- 
posits, and  other  sources  of  supply. 

PHOSPHATE  deposits  of  North  Africa.  D.  P. 
Fa^ga,  Min.  Jnl.  (Feb.  8.  1919)  1S4,  83-4. 

RHODESIA,  Mineral  resources  of.  F.  P. 
Mennell,  So.  Afr.  Jnl.  of  Ind.  (Oct.,  1918)  1, 
1302-10.  4000  w.  Gold,  silver,  copper, 
ohromite,  tungsten,  antimony,  etc.  (Nov., 
1918)  1,  1411-7.  4000  w.  Reviews  non- 
metallic  minerals. 

Australia,  New  Zealand,  India  and 

China 

ALUNITE  deposits  of  Australia  and  their 
utilisation.  F.  W.  James.  New  Zealand  Jnl. 
Set.  (Nov.,  1918)  1,  381-2.  500  w.  Review 
BtM.  No.  3,  Advisory  Council  of  Science  and 
Industry.     Its  use  as  a  fertilising  agent. 

ANTIMONY  and  tungsten  in  Hunan.  Engng.  <& 
Min.  Jnl.  (Feb.  8.  1919)  107,  273.     225  w. 

GOLD  mining  in  Western  Australia.  T.  Bute- 
ment,  Chem.  Engng.  A  Min.  Rev.  IV.  (Sept. 
5,  1918)  10,  364-8.  4500  w.  Present 
pcwition  and  outlook  of  the  Kalgoorlie 
mines. 

INDIA  in  1917.  Coal  Mining  in.  Coal  Age  (Feb. 
27,  1919)  16,  399.  600  w.  From  Annual 
report  of  G.  F.  Adams,  Chief  Inspector  of 
Mines. 

NDIA  during  1917,  Mineral  production  of.  H. 
H.  Hayden,  Records,  Geol.  Surv.  of  India, 
49,  Pt.  2,  55-116. 
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MAGNESITE  and  dolomite  in  Australia  and 
New  Zealand.  P.  G.  Morgan,  .Vew  Zealamd 
Jnl.  Sci.  (Nov.,  1918)  1,  359-72.  6500  w. 
Departmental  report. 

Canada 

ARUPRIOR— Ouyon  diatriot,  Ontario  and 
Quebec.  M.  E.  Wilson,  Canada  Dept  of 
Mines  Summary  Report,  1917,  Pt.  £f.  No. 
1727.     800  w. 

BRITISH  Columbia  for  1918,  Minentl  production 
of.  Engng.  A  Min.  Jnl.  (Feb.  15.  1919)  1ST, 
320-2.     1800  w. 

COPPER  ore  found  in  Skeena  Diatriot  Moxe, 
AUu.  A  Northw.  Min.  JnL  (Jan.,  1919)  IS, 
18.     400  w.     Deposits  in  British  Columbia. 

GRAPHITE  in  Port  Elmsley  District,  Lanark 
County,   Ontario.     M.  K.  Wilson,   Canada 
Dept.  Mines  Summary  Report,.  1917,  Pt.  £, 
!  No.  1727.     5500  w. 

!    NOVA  Sootia  in  1918.   Production  of  coal  in. 
F.  W.  Gray.  CoU.  Guard.  (Feb.  7.  1919)  UT, 
!  310.    700  w. 

POTASH  in  saline  waters  in  Saakatobewan. 
D.  B.  Dowling,  Canada  Dept.  Mines  Sum- 
mary Report,  1917,  Pt.  C,  No.  1721,  3-4. 
350  w. 

PLATINUM  in  Tulameen  district  of  Britsfa 
Columbia,  Source  of  placer.  R.  M  Mae> 
aulay,  Engng.  A  Jftn.  Jnl.  (Feb.  15,  1919) 
107,  303-6.     3000  w. 

SURFACE  deposits  of  Southeastern  Saskatche^ 
wan.  J.  Stansfield,  Canada  Dept.  of  Miaes 
Summary  Report,  1917.  Pt.  C,  No.  1721. 
41-52.  5500  w.  Coal,  road  matertals,  soils, 
and  underground  water. 

EXTROPE 

I 

ALSACE-Lorraine  as  a  coal  and  ore  regiea. 
Alsacia-Lorena  como  region  Hullers  y 
Siderurgica.  Retina  Minera  (Jan.  16.  1919) 
70,  27-8.     1000  w. 
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"BULLDOG" 

Hollow  and  Solid 

MIMNO  AND  ROCK  DRILL  STEEL 

THE  STANDARD  EVERYWHERE 


Prompt  Deliveries  of  all  Sizes  and  Sections  from  Stock 


"BULLDOG"  Made-up  Drills  are  Unequalled 


«r  SEJID  FOE  PSICB  LIST.  -«• 


INTERNAmLHIGH8PEED8T[ELC0. 

WORKSi  ROCKAWAY,  N.  J.  OFFICESt  MEW  YORK 

/  Pacific  Cou>:  Harmn,  KicluTd  &  McCane,  San  PrandKO,  Cal. 

I  Northwait  SUtu:  Weitem  Macbineiy  ±  Bquipmeat  Co.,  Spokane.  Wuh. 

)  Britiab  Columbia:  E.G.  Prior  &  Co.. Ltd. .Victoria,  B.C.. 

\  Coppar  Raogi:  Wm.  O.  PtiilUpi.  Hougfalon.  Mich. 
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COPPER  Bupplies.  Germany's.  Metal  Ind. 
(Jan.  3,  1019)  14,  3.  600  w.  On  possible 
aevslopment  of,  oopper  mining  in  former 
German  colonies. 

IRON  industry,  Russian,  Importance  of  the 
Ukraine  to.  Tech.  Sup.  Bee.  of  Foreign  Preee 
(Feb.  4,  1919)  t,  79.  400  w.  From  Stahl 
und  Eiten,  No.  12,  1918.  and  Zeiteehrifl  fUr 
prakliaehe  Oe^^ogiet  No.  11,  1918. 

POTASH  fields,  Some  details  about  the  Alsatian. 
Am.  Fertilizer  (Feb.  1,  1919)  SO,  45.     600  w. 

TURKEY.  Mineral  wealth  of.  Oberbergrat 
Beyschlag.  Min.  Jnl.  (Jan.  25.  1919)  U4, 
55-6.  1000  w.  Translated  from  Metall. 
und  Erz. 

South  America 

CHILE,  Veins  of  Chauarcillo.  W.  L.  White- 
head, Beon.  Oeol.  (Jan.,  Feb.,  1919)  14,  1-45. 

NICKEL  ore  near  the  village  of  Livramento, 
Minas  Geraes,  Brasil,  South  America, 
Ocourrenoe  of.  H.  E.  Williams,  Colo.  Seh. 
of  Minee  Mag.  (Feb.,  1919)  9.  32-^.  900  w. 
Abstract  of  an  article  in  March,  1916,  BuiZ. 
of  Geol.  and  Mineralogical  Service  of  Brasil. 

NITRATE  industry,  Chilean,  during  1918.  D. 
F.  Irvin,  Bngng.  dt  Min.  Jnl.  (Feb.  8,  1919) 
107,  265-7.     2500  w. 

MANGANESE  ore  in  Uruguay.  Min.  dt  Sei, 
Pr.  (Feb.  22,  1919)  118,  253.  350  w.  From 
U.  8.  Consular  Report  from  Montevideo. 

ZIRCON  minerals.  Two  new — Orvilhte  and 
oUveiraite.  T.  H.  Lee,  Am.  Jnl.  Sci.  (Feb., 
1919)  47,  126-32.  1200  w.  From  Rep.  da 
Soc.  Brasileira  de  Sciencias.  No.  1,  Rio  de 
Janeiro,  1917. 

United  Kingdom 

BRITAIN'S  mineral  resources.  Qtuury  (Jan., 
1919)  t4,  7-9.     2500  w. 

GOLD  raroduction  in  the  British  Dominions. 
W.  Freoheville,  Min.  dk  Set,  Pr.  (Feb.  15, 
1919)  118,  220-2.     2000  w. 

MINES  department.  Min.  Jnl.  (Jan.  18,  1919) 
1S4,  37-8.  1400  w.  Consideration  of 
recommendations  in  Sir  Lionel  Phillips  re- 
ports on  the  non-ferrous  mining  industry  in 
the  United  Kingdom. 

REFRACTORY  materials  of  South  Wales.  G. 
Allen  Howe.  Quarry  (Jan.,  1919)  t4,  11-5. 
4000  w.  Read  before  Refraotories  See.  of 
Cerapio  Soc. 

United  States  and  Alaska 

ALASKA  in  1918,  Mineral  resoiuDes  and  mine 
production  of.  Alas,  dt  Nitrthw.  Min.  Jnl. 
(Jan.,  1919)  It,  3-5,  12-3.  4000  w.  Ad- 
vance statement  by  U.  S.  Geol.  Surv.  Some 
of  the  more  important  features  of  the  reports 
are  abstracted. 

ALASKA  mineral  output  for  1918.  J.  L. 
McPherson,  Aloe,  dt  Norihw.  Min.  Jnl.  (Jan., 
1919)  It,  1-3.     2000  w. 

BARITE  deposits  of  Missouri.  W.  A.  Tarr, 
Econ.  Geol.  (Jan.,  Feb..  1919)  14,  46-67. 

BARITE  deposits  of  Missouri  and  the  geology 
of  the  barite  district.  W.  A.  Tarr,  Um- 
versity  of  Missouri  Studies,     t.  No.  1,  111  pp. 

BLACK  sand  deposits  of  southern  Oregon  and 
northern  California,  Notes  on.  R.  R. 
Homor,  U.  S.  Bur.  Mines,  Tech.  paper  196. 
33  pp.  Investigations  to  determine  whether 
gold,  platinum  and  other  minerals  might  be 
commercially  utilised. 

COLVILLE  Indian  Reservation,  Washington, 
Geology  and  mineral  deposits  of.  J.  T. 
Pardee,  U.  8.  Geol.  Surv.  BuU.  677,  10-180. 

GOLD  problem.  Min.  Mag.  (Jan.,  1919)  SO, 
28-31.  3500  w.  Report  of  the  British 
Government  gold  production  committee. 
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GOLD.  Stotus  of.  E.  S.  Van  Dyek.  Min.  d  8eL 
Pr.  (Feb.  1.  1910)  118»  141-4.  35O0  w. 
Letter  on  monetary  standards. 

IDAHO  in  1918.  Mimag  in.  R.  N.  BeU.  Bngn§. 
dt  Min,  JnL  (Feb.  1,  1019}  lOT,  236-8. 
2500  w.     Review. 

INTERNATIONAL  control  of  minerals.  Irmt- 
monger  (Feb.  8.  1919)  1M»  62-^.  1500  v. 
Edit. 

IRON  ore  production  in  Yir^Jiia,  Early.  M. 
Haney,  Iron  Tr.  Ree,  (Feb.  20. ,  1919)  M, 
505.     600  w. 

LEAD  and  sine  ores  in  the  Misaonri-Kaness- 
Oklahoma  sine  district.  Mining  and  miUiu 
of.  C<  A.  Wright,  U.  8.  Bur.  Mines,  BtA 
154.  126  pp.  Methods  in  the  Joplia 
district. 

M  AGMATIC  iron  ore  in  Arisona.  S.  H.  Ball  and 
T.  M.  Broderiek,  Bngng.  dk  Min.  JnL  (Feb. 
22,  1919)  107,  353-4.     1200  w. 

MINERALS,  Economic  limits  to  domestic  in- 
dependence of.  O.  O.  Smith.  Min.  dt  So. 
Pr.  (Feb.  1.  1919)  liM,  146-8.  2500  w. 
Wise  utilisation. 

MONADZITE.  S.  J.  Johnstone,  Min.  Feete 
Notee  (Nov.-Dec..  1918)  S,  2-7.  2000  w. 
From  JnL  Soc.  Chem.  Ind..  Oct.,  1918. 

NEVADA:  Biennial  report  of  the  State  Inspeetor 
of  Mines,  1917-18.     A.  J.  Stinson.    97  pp. 

NITRATE  deposits  of  Amargoaa  Valley.  Min. 
dt  OU  SulL  (Jan.,  1919)  8,  75-6.  500  w. 
From  U.  S.  Geol.  Surv.  report,  coreiins 
the  search  for  nitrates  in  the  vicinity  oi 
Tecopa. 

ORE  deposits  of  the  Southwest.  Notee  on  eertain 
BvJl.  A.  I.  M.  E.  (Feb..  1019)  445-7.     1!00 
w.     Discussion    of    paper    of    W.     TovoCe, 
in  BuU.  No.  142,  Oct..  1918. 

PLATINUM,  the  king  of  metals.  E.  A.  Haggen. 
Min.  dt  Bngng.  Ree.  (Nov.  30,  1918)  St, 
217-20.  2800  w..  From  Aftii.  A  Sei,  Pr. 
'Its  uses,  demand,  recovery. 

PLATINUM  in  the  Grand  Canyon.  No.  Min. 
dt  Sei.  Pr.  (Feb.  8,  1919)  118,  185.     500  w. 

RADIUM  industry  and  reconstruction.  J.  8l 
MaoArthur,  Min.  JnL  (Jan.  18.  1919)  114, 
39-40.     1500  w. 

RARER  metals.  Some  of  the.  Braee  Wld.  (Feb.. 
1919)16,58-9.  2000  w.  Serial.  DescribeB 
barium,  bismuth,  cadmium,  eaessum,  oeriom, 
cobalt,  gallium,  glucinum.  iridium,  ete. 

RESOURCES,  State  administration  of  natural 
Canad.  Min.  Jnl.  (Jan.  22,  1919)  4*,  33. 
700  w. 

SULPHUR  industiy  expanding.  Amerieaa. 
Chem.  dt  Met.  Bngng.  (Feb.  IS.  1919)  18. 
186-8.  2200  w.  Aeoount  of  sulphur-war- 
ing saline  domes  of  the  Gulf  Coast. 

TUNGSTEN  and  molybdenum  in  1918.  Mm. 
dt  Sei.  Pr.  (Feb.  1.  1019)  118,  145.     400  v. 

TUNGSTEN  and  the  war.  L.  F.  Vogel.  Min. 
Mag.  (Jan.,  1919)  80,  12-7.  5500  w.  Bead 
at  British  Science  GuiH  Ezfaxbition,  Aa«.  30. 
1918. 

TUNGSTEN  market.  Arts.  Min.  JnL  (F^l, 
1919)  S,  8.     500  w. 

TUNGSTEN  ore  production  in  1918.  Bngng.  ± 
Min,  JnL  (Feb.  8.  1919)  107,  285.    400  w. 

TUNGSTEN  ores.  Production  and  import  ef. 
Automat.  Ind.  (Jan.  30, 1919)  40, 252.    800«. 

TAVOY  district.  Ore  minerals  of.  T.  M. 
Campbell.  Min.  JnL  (Feb.  8,  1919)  1M» 
82-3.     3000  w. 

UTAH,  Gold,  silver,  copper,  lead,  and  ane  ia. 
V.  C.  Heikes.  U.  S.  Geol.  Surv.  Minm  Be- 
port  1:12  (Feb.  8.  1910)  Mineral 
of  U.  5..  1917.  Pt.  I,  167-202. 
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There's  an  ATLAS  Explosive 
for  every  Kind  of  blasting 

Atlas  High  Explosives  are 
manufactured  in  more  than  a 
hundred  different  grades,  each 
one  suited  to  a  particular  kind 
of  work.  Use  the  grade  that  will 
best  meet  the  conditions  that 
surround  your  own  blasting. 
You  will  secure  the  greatest 
possible  amount  of  work  from 
the  explosive. 

For  Ore  Mining,  Tunneling 
and  Shaft  Sinking  Atlas  Gelatin 
and  Atlas  Extra  Dynamites  are 
tjTses  of  low  freezing  explosives 
that  are  particularly  effective. 
They  are  made  in  a  variety  of 
strengths  and  packed  in  all  the 
standard  sized  cartridges. 

Let  us  help  you  solve  your 
blasting  problems: 

Our  Technical  Division  is  at 
your  service.  Men  skilled  in  the 
use  of  explosives  will  give  you 
the  benefit  of  their  knowledge 
and  experience.  "Put  your 
blasting  problems  up  to  us." 

ATLAS  POWDER  CO. 

"WILMINGTON.    DELAWAKi: 


Branch  Offiesi 


E>aiMo!ni 


HoucbtOD.  Mkb.,  Memphia, 

Joplui.  Mp.,  NubvlJIi', 


H  wbta  wrilinjt  idnttbiat.] 
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MINING    GEOLGGY    AND    MINING  i  ^RXLJ^hOm,  0>^njaj^vfmg^^^^^^9m^ 

PRACTICE  ^^  Engng.  dt  M%n.  JnL  (Feb.  li,  1919)  liir» 


(See  also  Mineral  Resouroee) 

ACCIDENT  prevention,  Progreee  in.  So.  AJr. 
Min.  Jnl.  (Nov.  16,  1918)  18,  230,  1600  w. 
From  Engng.  dt  Min.  Jnl.  Eaaential  fea- 
tures. 

A.IR  in  deep  mines,  Cooling  and  drying  the.  S. 
F.  Walker,  Compr.  Air  Mag.  (Feb..  1919)  94, 
9037-41.     3000  w. 

AIR  of  mines.  Wenlock.  Sei.  dt  Art.  of  Min. 
(Jan.  25.  1919)  19.  194-6.     2200  v. 

AIR  pockets,  Utilisation  of.  C.  £.  Wuench. 
Compr.  Air  Mag.  (Feb..  1919)  14,  9046-8. 
600  w.  From  Min.  dt  Sci.  Pr.  Utilising 
mine  air  pockets  in  designing  underground 
pumping  stations. 

ALASKA  in  1918,  Mineral  resources  and  mine 
production  of.  Ala9.  dt  Norlhw,  Min.  Jnl. 
(Jan.,  1919)  It,  3-5,  12-3.  4000  w.  Ad- 
vance statement  by  U.  8.  Oeol.  Surv.  Some 
of  the  more  important  features  of  the  reports 
are  abstracted. 

AMERICAN  Mining  Congress.  J.  F.  Call- 
breath,  Min.  Vt  Sci.  Pr.  (Feb.  8.  1919)  118, 
186-9.  4600  w.  Address  before  the  Cali- 
fornia chapter  on  Jan.  15,  1919. 

AMERICAN  mining,  Wonders  of.  B.  L.  Miller, 
BuU.  Pan  Am.  Union  (Deo.,  1918)  47, 772-91. 
4000  w.     Ingenious  processes  used. 

ANACONDA  Copper  Mining  Company.  Engng. 
dt  Min.  Jnl.  (Feb.  I,  1919)  107,  234-6. 
1600  w.     Financing,  assets,  liabilities,  etc. 

BARITE  deposits  of  Missouri  and  the  geology  of 
the  bante  district.  W.  A.  Tarr.  Univ.  of 
Missouri  Studies,  8,  No.  1,  111  pp. 

BLASTING  gun.  W.  H.  Cherry,  U.  8.  Pat. 
1290086.  Off.  Gaz.  (Jan.  7,  1919)  168,  17-8. 
100  w. 

BREATHING  apparatus.  Six  men  rescued  by. 
J.  T.  Ryan,  Coal  Age  (Feb.  6,  1919)  16, 
272-4.  2500  w.  At  Mt.  Braddock  mine 
fire. 

BRITISH  Columbia  Government,  Reports  of 
Mining  Engineers.  Canad.  Min.  Jnl.  (Feb. 
19,  1919)  40,  100-8.    10.000  w. 

COBALT  silver  ores,  Mining  and  metallurgy  of. 
R.  W.  Leonard,  Jnl.  Engng.  Inst,  of  Canada. 
(Feb.,  1019)  1,  86-90.  6000  w.  Read  at 
Gen.  Professional  meeting,  Ottawa,  Feb.  12, 
1919. 

CHILE,  Veins  of  Chauarcillo.  W.  L.  Whitehead, 
Eeon.  Geol.  (Jan.-Feb.,  1919)  14,  1-45. 

COLVILLE  Indian  Reservation,  Washington. 
(Geology  and  mineral  deposits  of.  J.  T. 
Pardee,  U.  S.  Geol.  Surv.  Bull.  677,  10-180. 

CONSERVATION  of  life  in  mines.  G.  Wilkin- 
son, Min.  dk  Engng.  Rec.  (Nov.  30.  1918)  IS, 
223-4.     1200  w.     Serial. 

COPPER  mining  village,  Model.  Business 
DigeH  (Feb.  11,  1919)  18,  188.  1000  w.  Ex- 
tracts from  article  by  L.  Magniisson,  in 
Labor  Rev.,  Nov.  18.  1918. 

DECISIONS  on  mines  and  mining,  Abstracts  of 
current.  Report  from  Jan.  to  May,  1018. 
J.  W.  Thompson.  U.  S.  Mines  Bur.,  Bull. 
172,  Law  Series  16.     160  pp. 

DIAMOND-drilling,  Technique  of.  J.  A.  Mac 
Vicar,  Min.  Mag.  (Jan..  1919)  10,  18-24. 
6000  w.     Read  before  Cornish  Inst,  of  Kngrs. 

DRAINING  mines.  K.  F.  Brown,  British  Pat. 
120,437.  III.  Off.  Jnl.  (Jan.  8,  1919)  3127. 
70  w. 

DREDGING  in  the  Orville  district,  California, 
Possibilities  of.  C.  H.  Thurman,  Min.  dk  Sci. 
Pr.  (Feb.  22.  1919)  118,  257-8.     1000  w. 
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309-11.     1200  w. 

DUST  abatement  in  mines.  W.  O.  Boreberdt, 
Compr.  Air  Mag.  (Feb.,  1019)  M,  9048. 
9051-4.  3000  w.  From  paper  Wore  Natl 
Safety  Council. 

DUST  inhalation,  Effecto  of.  J.  S.  HaMano.  Jnl. 
Chem.  Met.  and   Min.  Soc.  So.  Afr.  (Get.. 

1918)  19,  53-61.  4500  w.  Abetxaei  of  dis- 
cussion in  London  on  June  13,  1918;  Set,  dk 
AH  of  Min.  (Jan.  11,  1919)  19,  186.  1600  w. 
Discussion  of  J.  S.  Haldane's  paper. 

ELECTRICITY  in  mining.  L.  Pokes.  SeL  dt 
AH  of  Min.  (Jan.  Il7l919)  M.  180-1.  2000 
w.  Serial.  Present  number  conadcsa  t^rpes 
of  motors,  starting  and  special  regnlatinns; 
(Jan.  25.  1919)  19,  19^7.  1200  w.  Shniit 
motor,  shunt  controller  and  compound  motor; 
(Feb.  8,  1919)  If,  214-15.     1800  w. 

EXAMINING  and  developing  the  mine  proapect. 
H.  T.  Curran.  Engng.  dt  Min.  JnL  (Feb.  22, 

1919)  107,  343-8.     4500  w. 


EXPLOSIONS,  mine.  Preventions  of.  MiM.  dt 
Engng.  Roc.  (Nov.  30.  1918)  18,  221-3.  1000 
w.  Recommendations  made  by  tho  U.  8. 
Bur.  of  Mines. 

EXPLOSIVES.  R.  S.  Lewis.  Min.  dt  Sci.  Pr, 
(Feb.  22.  1919)  118*  245-53.    4500  w. 

FOOTWALL  beds  of  the  Far  East  Rand  ieef« 
Notes  on.  L.  W.  Maoer,  JnL,  Cbem.  Met. 
and  Min.  Soo.  of  So.  Afr.  (Nov.,  1918)  19, 
70-4.     2200  w. 

FRENCH  Briey-Longwy  iron  ore  bann.  Bncmg. 
(Jan.  10.  1919)  107,  52^.  2500  w.  Re- 
views a  secret  German  memoimnduni  relat* 
ing  to  the  supply  of  iron  ore. 

GOLD  deposition  in  the  Bendigo  gold  field 
InduMt.  AuatraL  (Jan.  9.  1919)  81,  71.  1000 
w.  From  Commonwealth  Advisory  Coaneil 
of  Science  and  Industry.  BnU.  No.  8. 
F.  L.  Stillwell.  New  Zealand  JnL  SeL  (Nor., 
1918)  1,  383.  600  w.  Reviews  Btitt.  No. 
4.  Commonwealth  of  Australia,  Advisory 
Council  of  Science  and  Industry. 

GOLD-pan,  Miner's.  E.  O.  C.  Ord,  U.  S.  Pat. 
1292364.  Off.  Gaz.  (Jan.  21,  1910}  188» 
619.     250  w. 

HOIST,  coal,  installations.  New  eleotrio.  Coal 
Ind.  (Jan..  1919)  1,  15-7.  2000  w.  Cs«e 
and  slap  hoists. 

HUMIDITY  of  deep  mines.  8.  F.  Walker. 
Engng.  Wld.  (Feb.  15,  1919)  14,  43-5. 
2000  w. 

HYDRAULIC  proeoecting  at  the  Rooibecs  tin 
mines.     E.  R.  Schoch.  Jnl.  So.  Afr.  Insta. 


Engrs.  (Nov.- Dec,  1918)  17, 61-7. 
Use  on  level  ground. 


2000 


ILLNESS,  prevention  among  employees  in  mu 
A.  J.  Lansa,  Bull.  A.  I.  M.  E.  (Feb..  1919) 
435-7.     1200  w. 

LAW  and  economies,  Mining.  D.  Bowen.  Cofi. 
Guard.  V.  (Jan.  17.  1919)  117,  133.  2500  w. 
VI.  (Feb.  7,  1919)  117,  305-6.  2500  w. 
Serial.  Ownership  of  minerals  in  B^tiA 
colonies  and  foreign  countries;  Quarry  (Jaiu, 
1919)  14,  &-7.  1800  w.  Minerals,  miiws 
and  quarries;  II.  (Feb.^  1019)  14,  35-9. 
4000  w.     Ownership  of  minetmU. 

LOCO-tractor  transport  Sjrstem,  T.inHwg  up 
isolated  mineral  districts  by.  F.  Dnttoa. 
Engng.  dt  Min,  Jnl.  (Feb.  15.  1919)  187. 
313-4.     1600  w. 

MACHINE.  Mining.  N.  D.  Levin.  IT.  8.  Pat. 
1290595.  OffTGaz.  (Jan.  7.  1010)  188»  140. 
250  w. 

MACHINE.  Mining  and  loading.  N.  D.  Le^. 
U.  S.  Pat.  1290591.  Off.  Ohm,  (Jan.  7.  1919) 
168,  189.     200  w. 
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MECHANICAL  mining,  etc.^Jn  Ameriea.  W. 
Hopwood,  Iron  A  Coal  Tr.  Re:  (Jul  17, 
1910)  98.  80.  1000  w.  Abrtrmet  of  paper 
before  N.  Wales  Branoh  of  Natl  Amu.  of 
Colliery  Bfgn. 

METALLIFEROUS  mininc  in  the  United  Kinc- 
dom.  Min,  Jni,  (Jan.  11,  1910)  SM^  20>1. 
1700  w. 

MIDDLEMARCH  mine  and  mOl.  B.  M. 
Snyder.  Min.  A  8e%.  Pr.  (Feb.  8,  1919)  118, 
181-2.     1200  w.     Copper  mine  of  Arisona. 

MINE  ean  in  metal  minee.  Standardisation  of. 
R.  M.  Raymond,  Bngng.  A  Min.  JnL  (Feb. 
1,  1919)  107,  200-4.     3000  w. 

MOLYBDENUM  mine  and  mill,  Stondard 
minerals.  Min.  A  Oil  BuO.  (Jan.,  1919)  8, 
73-4,  102.    800  w.     In  Arisona. 

OPERATIONS  of  the  Burma  Mines,  Ltd.  A.  B. 
Parsons,  Bngng.  A  Min.  Jnl.  (Feb.  8,  1919) 
107,267-62.  4000  w.  Lead-nlrer-sino  pro- 
ducer. " 

PEACE  River  section.  Alberta.  F.  H.  MoLearn, 
(Canada  Dept.  Mines,  Summary  Report,  1017, 
Part  C,  No.  1721.  14-21.  8500  w.  Oil 
exploration. 

PORPHYRY  intrusions  of  the  Michigan  eopper 
district.  Thomas  8.  Woods,  Bnong.  A  Min. 
Jnl.  (Feb.  16.  1019)  lOT,  299-302.  2000  w. 
Anuments  to  prove  they  have  considerable 
influence  on  Lake  Superior  eopper  deposits. 

PUMPINGk-Electrical  control  at  the  Deer  Trail. 
Automatic.  L.  Brandenburger,  Salt  Lake 
Min.  R€9.  (Feb.  16,  1919)  80,  26-6.  1800  w. 
How  a  mine  in  Utah  solved  its  pumping  cost 
problem. 

REGULATIONS,  Oanister  mine.  Quarry  (Jan., 
1919)  84,  9-10.     900  w. 

ROCK  quarries  on  D'Urville  Island,  Maori.  J. 
Allan  Thomson,  Now  Zealand  Jnl.  Sci. 
(Nov.,  1918)  1,  821-2.     600  w. 

ROADWAY  with  concrete  blocks,  Arehing  an 
underground.  W.  Ross,  Iron  A  Coaf  Tr. 
Ret.  (Jan.  31,  1919)  OIL  141.  1600  w. 
Read  before  Scottish  Branch  df  Nat'l  Assn.  of 
Colliery  Mgrs. 

SHAFT  timbering  and  a  method  of  alignment, 
Inclined.  Arthur  Neustaedter,  Bngng.  A 
Min.  Jnl.  (Feb.  22.  1010)  107,  349-61. 
2000  w. 

SIGNALLING.  Mine.  H.  Walker,  British  Pat. 
121307.  lU.  Off.  JnL  (Feb.  6,  1010)  3474-6. 
300  w. 

SIGNALLING  system.  Electric.  Sterling  Tele- 
phone A  Electric  Co.  F.  G.  Bell  and  W.  C. 
Davey,  British  Pat.  121308.  lU.  Off.  JnL 
(Feb.  6,  1919)  3476-6.     600  w. 

SAFETY  committees  at  mines.  W.  Walker, 
Sci.  A  AH  of  Min.  (Jan.  11.  1919)  SO,  183. 
1 200  w:  From  Part  II  of  Mines  and  Quarries 
Report  for  1917. 

SAFETY  work  in  mines.  H.  M.  Wilson  ahd  J. 
R.  Fleming.  SH.  A  Art  of  Min.  (Jan.  26, 
1919)  SO,  198-9.  3000  w.  From  Tech. 
paper  103.  U.  S.  Bur.  Mines. 

SHOVELING  as  applied  to  mining,  Study  of. 
G.  T.  Harley.  BuU.  A.  I.  M.  E.  (Feb..  1919) 
671-3.     800  w.     Summary  and  conclusions. 

SHOT  drilling  around  Thetford  mines.  J.  W. 
Davis,  Canad.  Min.  Jnl.  (Jan.  22.  1919)  40, 
36-8.     800  w. 

TEMPERATURE,  Deep-seam  working  opens  up 
question  of  reducing.  M.  Mereditn,  Coal 
Age  (Feb.  20,  1919)  18,  366.     800  w. 

TRACK.  Electric,  of  the  Sydvaranger  iron 
mines.  Baneanlaeg  ved  Sydvaranger  Malm- 
amber,  Tek.  Uke.  (Deo.  13, 1918)  60,  699-600 
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TRANSFORMERS,  Sdeetioii.  inataiiatioB.  sad 
maintenance  of  three-phase  oil-oooled  pow. 
L.  Pokes,  ColL  Ouard,  I.  (Feb.  7,  1910)  UT, 
303-4.     3000  w.    SeriaL 

TIN  dredging  plant,  Eleetxioity  for.  JReeL 
TtsiMTjan.  &.  1919)  88,  65.  500  w.  Reed 
before  the  Royal  Duteh  Inst,  of  Engia. 
Describes  plant  in  Boeboes  valley,  on  tht 
Island  of  Mnka. 

TUNGSTEN  ores.  Ezperimenta  relating  to  the 
enrichment  of.  R.  W.  Gannett,  Been.  OeeL 
(Jan.-Feb.,  1919)  14,  68-78.    3000  w. 

TUNNEL,  Tintie  drain,  and  iU  objects.  B.  E. 
Grimes,  SaU  Lake  Min.  Ree.  (Feb.  16.  1019) 
10,  21-8.  1200  w.  CoiMtruetion  and 
possibilities. 

UNITED  Kngdom,  Borings  for  oil  in  the. 
V.  C.  nUng.  Nature  (Jan.  16,  1010)  188, 
386-^.     2600  w. 

WATER  diseharging  from  mining  plants.    C  C 

'       JnL  (Fd>.  15, 


Sherlock,     Bngng.   A 

1010)   lOTj.  811-2.     1600 

the  water  flows  over  the  |»opertgr  of  anothv. 

WINDING,  Electric.  8.  A.  Simon,  Iron  A 
Coal  Tr.  Re:  ^Jan.  8,  1010)  OS,  16-7.  3000 
w.  Contribution  to  disenssion  iqMn  John 
F.  Perry's  paper  before  N.  of  Kngiand  Branch 
of  Assn.  of  Min.  Elec.  Engrs.  (Jan.  17, 1010) 
08»  71.  1000  w.  Author'a  reply  to  &  A. 
Simon's  discnsnon  on  his  paper. 


WINDING  engine.  Electric,  calculations.  CeO, 
Guard.  (Jan.  10,  1919)  117,  70-80.  8600  w. 
Serial:  (Jan.  17. 1919)  117, 138-9.  20Q0  w. 
Serial  concluded. 

ORE-DRESSING  AND  PREPARA- 
TION OF  COAL 

ALUMINOUS  ore  manufacture.  General  Abra- 
sive Co.,  Inc.  Canad.  Fat.  188746.  Off.  Bee. 
(Feb.  18,  1919)  47,  224.     100  w. 

BISMUTHINITE  molybdenite  ora,  DfeMng. 
Min.  A  Sci.  Pr.  (Feb.  22,  1919)  118,  25^ 
200  w. 

COAL    breaker    and  preliminaxy     mechsmcal 

cleaner,  Bradford.  Coal  Age  (Feb.  20, 1919) 

18,     362-6.     2600  w.     Constmction    and 
operation. 

COLLIERY,  A  modern:  G.  Hann,  Pree.  So. 
Wales  Inst.  Engrs.  (Jan.  24,  1919)  84,  »0-tt. 
286-8.     2000  w.     Discussion  of  paper. 

COAL  tipple  of  the  Granville  minea.  Coal  led. 
(Jan.,  1919)  8, 13-4.  1000  w.  AtBroekway- 
ville.  Pa. 

CONCENTRATING  gold  ores.  A.  R.  MacUe, 
British  Pat.  121263.  722.  Off.  JnL  (Feb.  5, 
1919)  3464-^.     100  w. 

CONCENTRATING  ores.  E.  Edser,  BnHA 
Pat.  121303.  IU.  Off.  JnL  (Feb.  5,  1910) 
3472-3.     100  w. 

CONCENTRATING  ores.  H.  W.  Faivt.  Britkh 
Pat.  120611.  IU.  Off.  Jnl.  (Jan.  22,  1919) 
3287-8.     100  w. 

CONCENTRATION  at  the  British  Broken  BSn. 
G.  C.  Klua.  Min.  Mag..  (Jan..  1919)  80,  SS-7. 
2000  w.     Describes  methods. 


COPPER,  HydrometallurKy  of.  W.  N.  ^.,— .^  » 
and  G.  E.  Sheridan,  UTS.  Pat.  1202075.  Off. 
OoM.  (Jan.  21.  1010)  888,  660.     300  w. 

CRUSHING  and  grinding  miU,  Park.  IndmM. 
Auetral.  (Jan.  2,  1010)  81,  15.     1200  w. 

CRUSHING  in  bsll-mills,  Fine.  E.  W.  Denm, 
BuU.  A.  L  M.  E.  (Feb.,  1019)  111-M.  Ouat- 
ating  tests;  mechanics  of  the  ball-fflill:  Val 
wear. 

"DRAPER"  washer:  the  lateei  devulepmsnt  m 
the  hsrdraulic  classification  of  ooal  aad_ 
erals.     G.  Knox,  Proe.  So.  Wales  last. 
(Jan.  24,   1919)   84,  291-323.     With 
discussion. 
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ROBT.  HOLMES  &  BROS. 

(INCORPORATED) 

Successors  to  Danville  Foundry  and  Machine  Co. 
30  NORTH  HAZEL  ST.,  DANVILLE,  ILL 


BUILDERS  OF 

Hoisting  and  Haulage  Engines 

Shaker  Screens  and  Weigh  Hoppers 

Self    Dumping    Cages    and     Empty 

Car  Lifts.       Mill  and  Mine  Supplies 


DanoilU  Hoiatiag  and  Haulage  EnSinea,  Both  Lighl  and  Haavy 
Duly  Tyfie,  First  and  Second  Motion, 


Hdbert'a  Pateol  Self  Dumpins  Canei 

R^'i  Patent  Self  Dumping  Cage 

Plain  Cages 

Holmei'  Shaker  Screen 

Holmea'  TeiescopinB  End  Loader 


Holme*'  Patent  Weigh  Hopper 
Holmes'  Automatic  Cor  Lifts  for  Mine 

Bottoms 
Iron,  Bronze  and  Brau  Castings  of  all 

Description 
Heavy  Iron  and  Steel  For0ngs 


All  Kinds  of  Plate  Metal  Work.  Particularly  for  Coal  Mines 


ROBT.  HOLIVIES  &  BROS.,  Inc. 

Engineers,  Founders,  Machinists  and  Boilermakers 

DANVILLE,  ILLINOIS,  U.  S.  A. 

(PImw  mantiiiii  t>d>  bullktih  wban  wrltloK  ulvsrtiMra.l  (1 
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FLOTATION  in  panniM.    G.  R.  Fausett.    AZa« 
<t  Northw.   Min.   Jnl.    (Jan.,    1919)    II,   5. 
360  w. 
FLOTATION    of   galena   at   the    Central  Mine. 
Broken  Hill.     K.  J.  Harvey,  Min.  A  Scv.  Fr. 
(Feb.  1.  1919)  lis,  149-54.  ^2500  w.     Read 
before  the  Inatn.  of  Min.  and  Met.,  London, 
Nov.  21,  1918. 
FLOTATION  of  oridiied  ores  of  lead.     G.  L. 
Allen,  Chem.  A  Met.  Engng.  (Feb.  16.  1919) 
to,  169-76.     7000  w.     Sulphiduing  ores. 
FLOTATION    proceaa.     R.    Gahl.    U.    8.    Pat. 
1290166.     Off.   Gat.    (Jan.  7,  1919)  tSS.  37. 
100  w. 
LABORATORY  of    the    Haileybury   School    of 
Mines,  Ore-dressing.     J.  A.  McRae,  Conad. 
Min.  Jnl.  (Jan.  2271919)  40,  43-4.     1200  w. 
MANGANESE  ore,  Problems  involved  in  con- 
centration and  utilisation  of  domestic  low 
grade.     E.  Newton.  BuU.  A.  I.  M.  E.  (Feb., 
1919)  379-87.     3600  w. 
MILL  of  the  Elkoro  Minea  Company,  New.     H. 
Hanson,  SaU  Lake  Min.  Rev.  (Jan.  30,  1919) 
SO,  1^21.     1800  w. 
MOLYBDENUM  mine  and  mill.  Standard  min- 
erals.     Min.  A  Oil  BuU.  (Jan.,  1919)  5,  73-4. 
102.     800  w.     In  Arisona. 
OIL  floUtion  plant  at  Ajp,  Completing  new- Cor- 
nelia.    AriM.  Min.  Jnl.  (Feb.,  1919)  1,  21. 
1200  w. 
WASHING  and  coking  plant,  Coal.     Co«.  Guard. 
(Feb.  7.  1919)  »11T,  30^10.    12()0  w.    Facih- 
ties  for  manufacture  in  Great  Britain. 

COAL  AND  COKE 

(See  also  Mineral  Resources,  Mining  Geology 
and  Mining  Practice,  Ore-dressing  and 

Preparation  of  Coal.)  > 

ANTHRACITE   mining   costs.     R.    V.    Norris. 

BuU.    A.    I.    M.    E.    (Feb..    1919)    249-62,    j 

3000     w. 
BITUMINOUS    coal    output    in    1917.     Black 

Diamond   (Jan.  4,  1919)  61,  11.     600  w. 

BRIEY  and  Lens — A  personal  glimpse.  H.  C. 
Estep,  Iron  Tr.  Rev.  (Feb.  27,  1919)  64,  669- 
72.  2000  w.  Impressions  of  a  recent  visit 
to  the  iron  and  coal  mines  of  northern  France. 

BRIQUET  and  method  of  manufacturing  the 
same.  C.  E.  Kite,  U.  S.  Pst.  1290992.  Off. 
Oat.  (Jan.  14,  1919)  S68,  260.     100  w. 

BRIQUETTING  machine.  W.  D.  Alexander, 
U.  S.  Pat.  1291705.  Off.  Gat.  (Jan.  21,  1919) 
S68,  456-7.     500  w. 

BRIQUETTING  small  coal.  Economy  of.  J.  A. 
Yeadon,  with  discussion.  Trans.  Min. 
Inst,  of  Scotland  (Oct.  6,  1918)  40,  145-60. 
2500  w.;  Indian  Engng.  (Jan.  11.  1919)  66, 
26.  700  w.  Editorial  on  J.  A.  Yeadon's 
paper. 

BRIQUETTES,  fuel,  Some  note  on  manufacture 
of.  E.  H.  Roberton.  Trans.  Min.  and  Geol. 
Inst,  of  India  (Sept.,  1918)  18.  48-61.  3500 
w.;  CoU.  Guard.  (J»n-  17,  1919)  117,  136-7. 
3000  w. 

BRIQUETTING  machine.  General  Briquetting 
Co.,  Canad.  Pat.  188436.  Off.  Ree.  (Jan.  28, 
1919)  47,  110.     150  w. 

BRITISH  Columbia,  Crowsnest  and  Flathead 
coal  areas.  B.  Rose,  Canada  Dept.  Mines 
Summary  Report,  1917,  Pt.  C,  No.  1721. 
28-36.  4000  w. 
C.\LORIFIC  values  and  the  ash  yields  of  coal 
samples  from  the  same  seam.  Relation  be- 
tween. T.  J,  Drakeley,  Trane.  Inst.  Min. 
Engrs.  (Deo.,  1018)  66,  45-60.  6000  w. 
CALORIMETRY  of  coal.  Engng.  (Jan.  10, 
1919)  107,  33-6.  3500  w.  Reviews  report 
of  U.  S.  Bur.  of  Mines  by  J.  W.  Davis  and 
E.  L.  Wallace,  giving  results  of  experience. 
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CARBONIZING      methods.     Unusual-     J.     A. 
^  Brown.   Ga*.   Jnl.    (Jan.   7,    1919)    146,  28. 
1500  w.     Read  before  Michigan  Gas  Ajhb. 

CARRIAGE  of  coal  by  rail  in  India.  H.  Kelway- 
Bamber,  with  discussion,  JnL  Roy.  3c«. 
Arts  (Jan.  31.  1919)  67,  150-64. 

CEMENT  gun  in  a  bituminous  coal  mine.  Use 
of.  M.  S.  Sloman.  Enffng.  Wld.  (Feb.  15, 
1919)  14,  56-7.  1500  w.  SaU  Lake  Min.. 
Rev.  (Jan.  30.  1919)  10,  27-8.     1500  w. 

COAL  and  other  fueb  and  aubstiiutes.  A.  Ross. 
Ry.  Gat.  [London]  (Feb.  7.  1919)  M,  202-5. 
4500  w.  Address  before  Retired  Railway 
Officers'  Society,  Jan.  1.  1919. 

CO.\L  development  of  large  tract  in  Greene 
County,  Pennsylvania,  Important.  Com! 
Age  (Feb.  6.  1919)  16,  265.     600  w. 

CO.AL,  iron  and  allied  trades  in  1918.  Iron  A 
Coal  Tr.  Ret.  (Jan.  3,  1919)  96,  1-14.  Gen- 
eral and  district  reviews. 

COAL  mining.  Times  Engng.  Suppl.  (Jan..  1919) 
21.     3500  w.     The  struggle  for  output. 

COAL  problem.  Editorial.  Iron  A  Stod  Tr. 
Jnl.  (Jf^n.  4,  1919)  15.  1200  w.  Policy  of 
the  Miners'  Federation  in  EngUnd. 

COAL  problem  beyond  coal  man's  jniisdictioQ. 
G.  H.  Gushing.  Coal  Tr.  Jnl.  (Feb.  5.  1919) 
129-30.  2500  w.  Address  at  dinner  of 
Philadelphia  Wholesale  Coal  Trade  Asia.. 
Jan.  31,  1919.  Public  must  decide  bow 
reserves  shall  be  controlled. 

COAL  problems  of  the  immediate  future.  T.  H. 
Watkins,  Black  Diamond  (Jan.  18.  1919)  61, 
44.  1800  w.  Address  before  Central  Penn. 
Coal  Producers  Assn.,  Dec.  18,  1918. 

COKING,  etc.  S.  Glover.  British  Pat.  120458. 
lU.  Off.  Jm.  (Jan.  8,  1919)  3135.     150  w. 

CUMBERLAND  coal  field.  On  sandstone  dykes 
or  rock-riders  in.  A.  Gilligan,  CoU.  Guard. 
(Jan.  24.  1919)  IIT,  189-90.  2500  w.  With 
discussion.  Read  before  the  GeoL  Soc.  of 
London.  Jan.  8.  1919. 

ELECTRICAL  colliery  plants.  Eoonomy  in.  A 
Smellie,  Iron  A  CoalTr.  Rev.  (Jan.  17.  1919) 
98,  78.  1500  w.  From  Presidential  ad- 
dress at  meeting  of  West  of  Scotland  Branch 
of  Assn.  of  Min.  Elec.  Engrs. 

ELECTRICITY  in  mines.  Iron  A  Coal  Tr. 
Rev.  (Jan.  10,  1919)  98,  44.  1700  w.  Ex- 
emptions to  Code  of  Special  Rules  proraded 
under  the  Coal  Mines  Act  in  England. 

EMPLOYMENT  management  at  coal  mines. 
A.  W.  Calloway,  Coal  Ind.  (Jan..  1919)  1. 
20-1.     1600  w. 

EXPLOSIONS.  Effect  of  the  velocity  of  vento- 
latins  current  upon  mine.  G.  S.  Rioe  ana 
W.  L.  Egy.  Coal  Age  (Feb.  13,  1919)  iM, 
308-9.  1200  w.  Results  of  teets  at  the 
Experimental  Mines  of  U.  S.  Bur.  of  MiiKS- 

GASES  in  coal,  Occlusion  of  explosive.     J.  A^ 
worth,  CoU.  Guard.  (Jan.  10,  1919)  117,  8a 
1500  w.;  Sci.  A  Art  of  Min.  (Feb.  8,  191»!, 
19,  217.     1500  w.     From  Coal  Age. 

GERMAN  coal  mines.  Economy  in  the  woridsg 
of.  Prof.  Herbet.  Tech.  Sup.  to  Da^  Set, 
(Dec.  24.  1918)  t,  369.  700  w.  Exttart 
from  Technik  und  WirUehrt^ft,  Nov..  1918. 

HANDLING  appliances.  Coal,  at  the  Cov»»try 
electricity  works.  F.  Zimmer,  Bncng-  ^.J•a- 
10,  1919)  107,  37-42.     4000  w. 

HANDLING  at  ports.  Coal.  H.  Hubert, Jg^ 
(Jan.  10,  1919)  81,  42-^.  2000  w,  Detafli 
of  plants. 

HANDLING,  Mcclianic«J,  oLcoJ"-  .■*>•  ^2?*^ 
EUcin.  (Jan.  10,  1919)  8t,  57-61.    4060  w. 
Frobl^s  involved.     Conveyor  -»— -— 
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INordberg  Hydraulic  Control 

TpHE  hoist  shown  in  this  photograph,  installed  by 
■''  the  Utah  Apex  Mining  Company,  is  an  excellent 
example  in  all  respects  of  the  latest  practice  in  high 
efficiency  electric  hoist  design. 

The  Nordberg  hydraulic  control  makes  the  hoist 
operation  entirely  independent  of  everything  except 
the  electric  current  itself.  It  complements  the  elec- 
tric motor  drive. 

For  detailed  information  regarding  the  numerous 
important  features  of  design  in  Nordberg  Hoists,  send 
for  Electric  Hoist  Bulletin  No.  24,  and  if  interested 
in  Steam  and  Air  Hoists,  for  Bulletin  No.  23. 

Nordberg  Manufacturing  Co., 

MILWAUKEE,  WIS.,  t.  S.  A. 

lUROVACTURKRS  OF 

High  Efflciency  Corliss  Engines;  Cniflow  Engines^  Poppet 
Voire  Engines;  Nordberg -Csrels  Diesel  Tjpe  Engines;  Air 
Compressors;  Blowing  Engines;  Hoisting  ^igines;  Pumping 
Engines,  and  other  Machinery. 


NORDHRG 


T 


NUNQn' 
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HAULAGE,  Coal  mine.  TrawUri  Standard 
(Jan.,  1919)  T»  17-20.  1700  w.  Causes  of 
interruption;  results  of  derailments. 

HAULAGE  experience.  J.  Gilchrist,  Iron  A 
Coal  Tr.  Rev.  (Jan.  31,  1919)  M»  139-40. 
1000  w.  Discussion  by  R.  Wilson,  before 
Nat'l  Assn.  of  Colliery  Af  grs. 

HEATING  value  of  American  coals.  Use  of  the 
hydrogen-volatile  matter  ratio  in  obtaining 
the  net.  A.  C.  Fieldner  and  W.  A.  Selvig, 
U.  8.  Bur.  of  Mines,  Tech.  Paper  197,  5-11. 
1500  w. 

HOIST  coal  installations,  New  electric.  Coal 
Ind.  (Jan.,  1919)  %,  16-7.  2000  w.  Cage 
and  skip  hoists. 

IMPURITIES  in  coal,  Economic  effects  of .  In- 
dian Engno.  (Jan.  4,  1919)  M,  11-2.     1200  w. 

IMPURITIES  in  raw  coal  and  their  removal. 
T.  J.  Drakeley,  Set.  ±  Art  of  Min.  (Feb.  8, 
1919)  19,  209-10.  2500  w.  Read  before 
Min.  Students  Assn.  at  Wigan;  Iron  <&  Coal 
Tr.  Rev.  (Jan.  31.  1919)  isTlSl.  1500  w. 
CoU.  Ouard.  (Jan.  31.  1919)  117,  245.  2500 
w. 

INDIAN  coal  industry.  H.  Kelway-Bamber, 
Iron  A  Coal  Tr.  Ret.  (Jan.  24,  1919)  98, 
9i^l00.  1800  w.  Serial.  Abstract  of  paper 
before  the  Indian  Sec.  of  Roy.  Soo.  of  Arts. 

INDICATOR.  Visual,  at  Queenslie  ColUery. 
J.  Leckie,  Iron  ±  Coal  Tr.  Ret.  (Jan.  31, 1919) 
98,  130.  1200  w.  Description.  Read  be- 
fore Nat'l  Assn.  of  Colliery  Mgrs. 

INDUSTRY  of  France.  Coal.  A.  J.  Baldwin. 
Coal  Age  (Feb.  6.  1919)  IB,  276-9.  800  w. 
Mines  at  Lens. 

INVESTIGATION  of  coal.  Impending.  Black 
Diamond  (Jan.  4.  1919)  61,  2-4.  50Q0  w. 
Purpose  of  the  inquiry  and  facts  bearing  on 
the  industry. 

KENT  coalfield.  Evolution  and  development  of. 
A.  E.  Ritchie,  Iron  dt  Coal  Tr.  Rev.  (Jan.  10. 
1919)  88,  35-6.  2500  w.  Serial.  Review 
of  facts  which  have  lead  to  the  present  posi- 
tion; (Jan.  17,  1919)  98,  69-70.  2000  w.; 
(Jan.  24,  1919)  88,  97-8.     2500  w. 

LABOR  distribution.  Coalfield.  Iron  A  Coal 
Tr.  Rev.  (Jan.  17.  1919)  98,  76.     700  w. 

LAMPS  and  gas  detectors.  Mining.  Iron  A 
Coal  Tr.  Rev.  (Jan.  10,  1919)  98, 41.  1600  w. 
Abstract  of  T.  J.  Thomas'  paper  before 
East  Glamorgan  Dist.  Assn.  of  Students. 
So.  Wales  Inst,  of  Engrs. 

LENS — the  coalfield  of  France.  F.  Haas.  Coal 
Age  (Feb.  27.  1919)  16,  392-4.     1500  w. 

LENS,  Ruined  coal  mines  of.  A.  J.  Baldwin. 
Power  (Feb.  4,  1919)  49,  166-7.     600  w. 

LIGNITE  area  of  Southern  Saskatchewan.  A. 
Mac  Lean,  Canada  Dept.  Mines,  Summarv 
Report,  1917,  Part  C.  No.  1721.  36-41. 
2200  w. 

« 

LIGNITE,  Characteristics  and  utilisation  of. 
S.  M.  Darling,  Canad.  Chem.  Jnl.  (Jan.,  1919) 
8,  36-7.  2600  w.  Reviews  American  report 
outlining  the  situation. 

LIGNITE  deposits.  Study  of.  D.  J.  M.  Dias. 
Rev.  Minera  (Jan.  1,  1919)  70,  1-4.     1600  w. 

LIGNITE,  Notes  on.  S.  M.  Darling.  Power 
Plant  Engng.  (Feb.  1,  1919)  IS,  148-160. 
2500  w.  Characteristics  and  utilisation. 
Abs.  of  Tech.  paper  178,  U.  S.  Bur.  of  Mines; 
NatH.  Engr.  (Feb.,  1919)  IS,  105-7.     2500  w. 

LONGWALL,  Regarding.  F.  A.  Pocock,  Coal 
Age  (Feb.  27,  1919)  16,  395-6.     2000  w. 

MACHINE,  Coal  mining.  N.  D.  Levin,  U.  8. 
Pat.  1290593.  Off.  Gaz.  (Jan.  7,  1919)  168, 
139.     100  v. 


MINE  of  Taylor-Offutt  Coal  Company. 
Ind.  (Jan..  1919)  1,  10.     500  w. 
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MINING  at  depth  in  Graat  Britain.  Problems 
connected  with.  Coal  Age  (Feb..  1919)  II. 
269.  1000  w.  From  address  by  G.  B. 
Walker.bef ore  Instn.  of  Min.  Engrs.  of  Grest 
Britain. 

MUDDING  coal  at  St.  Eloy,  France.  M.  A. 
Plassard.  Coal  Age  (Feb.  6,  1919)  U.  266-9. 
3500  w.  Abs.  of  Chapter  I  of  artide  pub- 
lished in  BuO.  de  la  Sod6t£  de  rindustrie 
Minerals. 

ON  "  WASH-OUTS*'  in  coal  seams  and  the  effects 
of  contemporary  earthquakes.  P.  F.  Ken- 
dall. CM.  Guard.  (Jan.  24,  1919)  117,  189. 
1500  w.  Read  Jan.  8,  before  the  GeoL  Soe. 
of  London. 

OVEN,  Coke.  P.  Plantinga.  U.  8.  Pat.  1292369 
Off.  Gaz.  (Jan.  21.  1919)  188,  620.     500  w. 

OVEN,  enlarged  coke.  Existing  by-product. 
BlaH  Fur.  A  Steel  Plant  (Feb..  1919)  T.  95-7, 
117.  2000  w.  Youngstown  Sheet  A  Tube 
Co. 

OVEN,  Coke,  industry  in  1918,  By-product  C. 
J.  Ramsburg,  Coal  Ind.  (Jan..  1919)  1,  8-9. 
1000  w.  Exceeds  beehive  production  is 
United  States. 

OVEN,  coke,  practice.  Some  economic  considera- 
tions in.  W.  Colcmhoun,  with  discussion. 
Trane.  Inst.  Min.  fingrs.  (Dec..  1918)  M, 
61-«0.  1 1,000  w. :  CoU.  Guard.  (Feb.  7. 1919) 
IIT,  307-8.  2500  w.  Further  discussion  on 
W.  Colquhoun's  paper. 

OVENS,  Coke.  B.  ZwiUinger.  British  Pat 
121085.  lU.  Off.  Jnl.  (Jan.  29,1919)  3389-10. 
200  w. 

OVENS,  coke,  and  nitrate  plants.  Combination 
of.  E.  K.  Scott.  Prac.  Engr.  (Feb.  6, 1919) 
69,  64-5.     1800  w. 

PEAT,  Possibilities  of.  C.  C.  Osbon,  Jnl.  Am. 
Peat  Soo.  (Jan..  1919)  IS,  7-16.     3500  w. 

PEAT  in  1917.  C.  C.  Osbon.  Jnl.  Am.  Peat 
Soc.  (Jan.,  1919)  11,  17-47.  Reprint  from 
U.  S.  Geol.  Surv. 

POCKETS,  Concrete,  for  storage,  coal.  Coal 
Ind.  (Jan.,  1919)  1,  18-9.  1000  w.  Types 
deeorioed. 

RESOURCES,  Coal,  of  the  western  front.  H.  H. 
Stock.  Black  Diamond  (Jan.  4.  1919}  61,  5-8. 
2500  w.  Serial  concluded.  Belgian  coal- 
fields. Lorraine  and  Palatine  disUicts. 

ROADWAY  with  concrete  blocks.  Arehing  an 
underground.  W.  Ross.  Iron  A  Com  Tr. 
Rev.  (Jan.  31^  1919)  98»  141.  1500  w.  Read 
before  Scottish  Branch  of  Nat'l  Assn.  of 
Colliery  Mgrs. 

SAFETY  gate.  Protection  at  mine  shaft.  R.  P. 
Hines.  Coal  Age  (Feb.  6,  1919)  18»  262-5. 
3000  w.  In  Pennsylvania  bituminous  dis- 
trict. 

SAFETY  lamps,  Electric  versus  oil.  J.  George. 
Iron  A  Coal  Tr.  Rev.  (Jan.  31.  1919)  88,  140. 
800  w.     Before  Nat'l.  Assn.  of  Colliery  Mgrs. 

SAFETY  lamp  gauxes.  T.  J.  Thomas,  CoU 
Guard.  (Jan.  10,  1919)  117,  82-4.  3500  v. 
Serial.  Results  of  tests;  II.  (Jan.  17,  1919) 
117,  134-5.  2500  w.  III.  (Jan.  31.  1919) 
117,  246.     2000  w. 

SAFETY  lamps,  Joel-Fors.  CoU.  Guard.  (Jan. 
10,  1919)  117,  84-5.  300  w.  Details  of 
miner's  electric  lamps. 

SAFETY  lamps.  Lighting  miners*.  J.  PiUdng- 
ton.  lU.  Off.  JnL  (Jan.  29,  1919)  3423-1. 
200  w. 

SAXONY  coalfields.  SH.  A  AH  of  Jftn.  (Jan.  II . 
1919)  19,  184-5.  1200  w.  Mining  condi- 
tions and  developments. 

STORAGE,  coal.  Bituminous.  Cool  Tr.  JnL 
(Feb.  5.  1919)  127-8.    2000  w.    Serial 


BULLETIN,  A.  I.  M.  E.— ADVERTISING  SECTION 


A  Simple  and 
Economical   Compressor 

De  Laval  Centrifugal  Blower  or  Compressor  contains 
only  one  moving  part.  The  housing  is  split  horizontally 
and  internal  parts  are  easily  accessible.  The  working 
parts  are  few  and  simple  and  there  are  no  valves, 
plungers,  pistons  or  packings,  and  no  heavy  reciprocating 
members.  Only  light  foundations  are  required.  The 
flow  of  air  is  uniform.  Cylinder  oil  is  not  introduced  into 
the  air.  The  speed  is  such  that  either  steam  turbine  or 
motor  drive  can  be  used.  The  range  of  service  includes 
boiler  draft,  coke  oven  and  water  and  coal  gas  manufac- 
ture, cupola,  blast  furnace  work  and  Bessemer  converter 
work  and  oil  flotation.  Air  is  supplied  at  any  pressure 
up  to  125  lb.  per  sq.  in.,  as  for  use  in  mines,  etc. 

The  compressor  can  be  arranged  to  deliver  either  con- 
stant volume  or  constant  pressure.  The  power-limiting 
characteristic  protects  the  motor. 

-    ASK  FOR  BULLETIN  5-i 

DE  LAVAL 
STEAM  TURBINE  COMPANY 

TRENTON,  NEW  JERSEY 

[Plsaae  mcotioo  tUi  lULLam  *h«o.wiitiiig,*dT*rtiian.|  ( 1 
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STORAQE  of  bitttminoua  oo*l.  Indian  Bngng. 
(Jan.  11, 1919)  S6, 26-7.  1000  w.  Editorial 
on  H.  H.  Stoek'B  paper  in  the  Jnl.  of  Weat. 
Soo.  of  EngTS. 

STORING  Goal.  Redudng  the  riak  in.  W.  D. 
Langtry,  Firt  <ft  Water  Bngng.  (Feb.  6,  1919) 
M,  280-1.  1600  w.  Excerpta  from  paper 
before  convention  of  Nat'l  Firemen's  Ann. 
Precautions. 

STRIPPING.  Coal,  in  the  United  States.  W. 
G.  Burroughs,  Coal  Ind.  (Jan.,  1919)  S,  1-5. 
3000  w.     Advantages  and  disadvantages. 

STRIPPING,  Coal,  operation.  Modem.  H.  L. 
Palmer.  Coal  Ind.  (Jan.,  I9l9)  S,  &-8.  1500 
w.     Plant  at  Soammon,  Kans. 

SUPPLY,  coal,  World's.  Soi.  Am,  (Feb.  22. 
1919)  120,  170-1.     2000  w. 

TIMBER-bandling  plant  at  an  anthracite  mine, 
Economical.  R.  A.  Smith,  Coal  Age  (Feb. 
20.  1919)  15,  350-1.  400  w.  Plant  of 
Kingston  Coal  Co.  installed  at  Edwardsville 
and  Plymouth,  Pa. 

TIMBERING  in  English  mines.  Coal  Age  (Feb. 
27,  1919)  16,  400-3.     2500  w. 

U.  S.  FUEL  Administration.  Work  of  National 
Production  Committee.  J.  B.  Neale,  Bull. 
A.  I.  M.  E.  (Feb.,  1919)  439-44.     2500  w. 

VENTILATING  plant.  Mine.  Bngr.  (Jan.  31, 
1919)  1S7,  110-1.  600  w.  At  Holly  Bank 
Colliery,  Essington. 

WATER  supply  at  coal  mines.  C.  Sohols,  Cool 
Age  (Feb.  27.  1919)  IS,  391.     900  w. 

WINDING,  Electric.  S.  A.  Simon,  Iron  db  Coal 
Tr.  Rev.  (Jan.  3.  1919)  98,  16-7.  3000  w. 
Contribution  to  discussion  upon  J.  F.  Perry's 
paper  before  N.  of  England  Branch  of  Assn. 
of  Min.  Engrs.;  (Jan.  17.  1919)  98.  71. 
1000  w.  Author's  reply  to  S.  A.  Simon's 
discussion  on  his  paper. 

WINDING  engine.  Electric,  calculations.  CoU. 
Guard.  (Jan.  10.  1919)  117,  79-80.  3500  w. 
Serial:  (Jan.  17.  1919)  117,  138-9.  2000  w. 
Serial  concluded. 

PETROLEUM    AND   NATURAL    GAS 

Canada 

OHIO  shales  of  Southwestern  Ontario.  M.  Y. 
Williams,  Canada  Dept.  of  Mines  Summary 
Report,  1917,  Pt.  E,  No.  1727.   26-8.    3500  w. 

OIL  production.  S.  E.  Slipper,  Canada  Dept. 
of  Mines  Summary  Report,  1917,  Pt.  C, 
No.  1721.     4-5.     400  w. 

OIL  prospects  of  Southwestern  Ontario.  M.  Y. 
WiUiams,  Canada  Dept.  of  Mines  Summary 
Report,  1917,  Pt.  E,  No.  1727.  19-25. 
3500  w. 

PEACE  River  section,  Alberta.  F.  H.  McLearn, 
Canada  Dept.  of  Mines  Summary  Report, 
1917,  Pt.  C,  No.  1721.  14-21.  3500  w. 
Oil  exploration. 

VIKING  gas  field,  Structure  of  area.  S.  E. 
Slipper,  Canada  Dept.  of  Mines  Summary 
Report,  1917.  Pt.  C,  No.  1721.    6-7.    450  w. 

VIKING— Athabaska  gas  field.  D.  B.  DowUng, 
Canada  Dept.  of  Mines  Summary  Report, 
1917,  Pt.  C,  No.  1721.     5-6.     350  w. 

Europe 

BAKU  Russian  Petroleum  Company  (1900),  Ltd. 
Petr.  Rev.  (Jan.  4,  1919)  40,  11-2.  2500  w. 
Discussing  proepecte. 

EUROPEAN  Oilfields  Corporation,  Ltd.  Petr. 
Rev.,  40,  5-6.     2500  w.     Situation  at  Baku. 

FRANCE,  Oil  prospccta  in.  Petr.  Wld.  (Jan.. 
1919)  18,  16.     1000  w. 

OIL-LAND,  Richest  mineral.  Tech.  Sup.  Rev.  of 
Foreign  Press  (Feb.  4,  1919)  8,  97.  200  w. 
From  AUgemeirie  Oesterreiehiache  Chemiker 
und  Techniker  Zeitur^f,  Dec.  1,  1918. 
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Mmaco 

MEXICO  as  aooroe  of  petrolaom  and  its 
R.  De  Golyer,  AutomoL  Ind.  (Feb. 
40,  420-2.     3000  w.     HokU  aeoond 

MEXICAN  oU.  Heat  of.  E.  De  Golyer,  Pelr. 
Timee  (Jan.  11.  1919)  1.  17-0.  2500  w.  A 
Bcientifio  study. 

MEXICAN  oil  controversy  still  is  acute.  OU 
Tr.  Jnl.  (Feb..  1919)  10.  62.     1000  w. 

PETROLEUM  and  its  products.  Mexico  as  a 
source  of.  R.  De  Golyer.  Jnl.  Soe.  AutomoC 
Engn.  (Feb..  1919)  4,  74-6.  3000  w.  Ap- 
parently achieved  second  place  in  productioD. 

Unitbd  Kingdom 

BRITISH  oU  industry.  F.  M.  Perkin,  JIfta.  JnL 
(Jan.  11,  1919)  114,  22-3.  1000  w.  From 
paper  before  the  Instn.  of  Petroleum  Tech- 
nologists. 

MINERAL  oil  industry,  Scottish.  Jnl.  Soc 
Chem.  Ind.  (Dec.  31, 1918/S7, 467-S.   1500  w 

PETROLEUM  in  Derbyshire.  Search  for.  T. 
Sington.  Coll.  Guard.  (Jan.  17.  1919)  IIT, 
137-8.  4000  w.  Read  before  Man<diester 
Geol.  A  Min.  Soc.  on  Jan.  15.  1919;  Petr. 
Timee  (Jan.  25.  1919)  1,  67-^.  1800  v. 
Serial. 

RESEARCHES.  Britiah  oU.  CoU.  Guard.  (Jan. 
24.  1919)  IIT,  191.  2000  w.  Diaeosaion  of 
T.  Sington'a  paper. 

SCOTTISH  shale  oil  eompaniea.  Petr.  Timtta 
(Jan.  11.  1919)  1.  19.     600  w.     Review  of 

operations  during  1918. 

UNITED  Kingdom,  Borings  for  dl  in.  V.  C. 
lUing.  Nature  (Jan.  167  1919)  101,  385-8. 
2500  w. 

United  States 

CALIFORNIA  1918  production.  Oildom  (Feb.. 
1919)  10,  32.     700  w. 

FIRES,  oil  and  ens,  EztinguJahing  and  prevent- 
ing. C.  P.  Bowie,  U.  S.  Bur.  Minea»  BuU, 
170.  40  pp.  Describes  fixe  pxevention 
methods  and  fire-fighting  apparatua. 

FIRES,  Eztinguiahing,  in  oil  tanks  by  foaming 
process.  C.  P.  Bowie.  Water  <t  Gas  Rev. 
(Feb..  1919)  M,  10-11.     2500  w. 

FIRES.  Oil  and  petroleum.  Fire  A  WaUr  Bngng. 
(Feb.  19,  1919)  M,  390.     700  w. 

GASOLINE  in  gaa.  Determination  of.  W.  P. 
Dykema  and  R.  O.  Neal,  Chem.  Bnar-  (Jan.. 
1919)  17,  5-7.  1500  w.  Improved  method 
of  testing  gaa  evolved  at  BartlesviUe  experi- 
ment station  of  the  Bur.  of  Minea. 

GASOLINE  specification  notes.  Jnl.  Soe.  Aato- 
mot.  Engrs.  (Feb.  1,  1919)  4,  93.  800  w. 
E.  W.  Dean  (Bur.  of  Mines). 

HELIUM,  Preparing  biU  to  save.  Oil,  Paint  Jt 
Drug  Rep.  (Feb.  17.  1919)  9S,  51.     800  w. 

HELIUM  from  natural  gas.  Production  of.  F.  G. 
Cottrell.  Mech.  Bngng^  (Feb..  1919)  41,  155- 
8,  188.  5000  w.  Abstract  of  addreos  re- 
I  viewing;  recent  work  in  the  liquefaction  and 

separation  of  {(ases  and  the  production  al 
helium  for  use  in  balloona. 

HELIUM  production  from  gas.  Interesting  hia- 
torical  outline  of.  C.  L.  Parsons,  Mfra.  Bee 
(Feb.  13.  1919)  7S,  65.     700  w. 

HELIUM  in  natural  gas.  Find.  O.  A.  Borrdl. 
Gae  Record  (Feb.  12. 1919)  IS,  73-ft.     1500  w. 

HELIUM  from  natural  gas.  SeL  Am.  (Feb.  15, 
1919)  110,  140,  154.     500  w. 

MOVEMENT  of  oil  and  gas  through  rocks.  T. 
Ziegler,  Petr.  Timee  (Jan.  18,  1910)  1,  37-«. 
18(K)  w.     Serial.     Cauaea  of  oil  migratioii. 

OIL  pools.  Magnetic  disturbanoea  and.  H.  E. 
Anderson.  Oil  dt  Gaa  Jnl.  (Feb.  14.  1919)  17, 
52.  56.     1800  w. 
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Epping  Carpenter  Pump  Co. 

MIINE  Ml 

PUMPS 

STEAM  ELECTRIC  POWER 


OUR  SPECIALTY 


Anti-Acid  and  Wood  Lined  Water  Ends 

Designed  for  Hard  Usage 
Simple  and   Economical  Operation  and  Long  Life 


PATTERNS 

FOR  ALL  COINDITIOINS  ALL  CAPACITIES 

OF 

Single,  Duplex,  Horizontal,  Vertical,  Simple,  Compound, 

Triple  Expansion,  Direct  Acting,  Corliss  and 

Quadruple  Valve  Fly  Wheel  Engines. 

GENERAL  OFFICE  AND  WORKS: 

PITTSBURGH,  PA.,  U.  S.  A. 

BRANCH   OFFICES  : 
PHILADELPHIA  NEW  YORK  CHICAGO 

(Please  mention  this  bulletin  when  writing  advertisers.]  (19) 
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OUr>^peB,  Deirioe  for  blowiog  out.  Q.  M. 
Tew,  U.  S.  Pat.  1290408.  Off,  Oas.  (Jan. 
7,  1019)  tM,  96.     200  w. 

"OILOLOGY,"  Mr.  Peterson's  new  theory.  A. 
Peterson.  OH  dt  Oat  JrU.  (Feb.  14,  1919)  IT, 
40.     2000  w.     Outlines  features  of  system. 

OIL  leasing  biU.  8aU  Lake  Min.  Rtv.  (Feb.  15. 
1919)  10,  28.     1600  w. 

OIL-land  development.  Bnong.  dt  Min.  Jnl. 
(Feb.  15.  1919)  lOT,  329-30.     600  w.     From 

?aper  by  D.  M.  Foisom,  presented  before 
laiif.  Sec.  of  Am.  Min.  Cone.,  on  influence 
of  existing  laws  upon  new  developments. 

OIL  development  near  Holbrook.  J.  F.  O'Brien, 
SaU  Lake  Min.  Rev.  (Feb.  16,  1919)  tO,  27. 
1000  w.     Field  in  Arisona. 

OILFIELD.  America's  latest.  Pebr.  Timee  (Jan. 
11.  1919)  1,  11.  1000  w.  El  Dorado  oil- 
field in  Butler  County.  Kans. 

PETROLEUM  production  for  1918,  America's. 
Petr.  Timee  (Jan.  11,  1919)  1,  8.     700  w. 

PETROLEUM  outlook.  J.  Purdy,  Petr.  Timee 
(Jan.  11,  1919)  1,  15.  700  w.  The  growing 
importance  of  Mexico.  • 

PETROLEUM  in  the  United  States,  Unmined 
supply  of.  D.  White,  AtUomot.  Ind.  (Feb. 
13,  1919)  40,  361,  376,  385.     2500  w. 

PETROLEUM— A  resource  interpretation.  C. 
Q.  Gilbert  and  J.  E.  Pogue,  Jnl.  Soc.  Auto- 
mot.  Engrs.  (Feb.,  1919)  4,  100-10.  11500 
w.  From  U.  S.  Nat'l  Museum  BttU.  No.  102, 
Part  0.     Economic  study. 

PRODUCTION  of  oil.  Process  and  apparatus 
for  stimulating.  F.  B.  Waring,  U.  S.  Pat. 
1291302.  OffTcku.  (Jan.  14,  1919)  tW,  331. 
225  w. 

REFINERY  practice,  oU.  Sidelights  on.  E.  W. 
Dean,  Automot.  Ind.  (Feb.  6,  1919)  40, 315-6. 
1500  w.  Possible  methods  of  increasing  fuel 
supply  for  automotive  engineers. 

SHALE,  oil.  Commercial  possibiUties  of.  H.  J. 
Wolf,  Bngn^.  <»  Min.  Jnl.  (Feb.  1,  1919)  lOT, 
217-9.  1800  w.  Oil-bearing  shales  in 
Colorado  and  Utah  described  and  their 
development. 

TEXAS  oil  boom.  Great  constructive  era  follow- 
ing. C.  T.  Crowell,  Mfre.  Rec.  (Jan.  30, 
1919)  75,  81-4.     3500  w. 

TEXAS  leases  and  drilling  operations,  Hundreds 
of  millions  invested.  Mfrt.  Ree.  (Feb.  6, 
1919)  75,  107-9.     3000  w.     Letter. 

TEXAS  field  is  spreading  out.  North  Central. 
P.  T.  Moore,  OU  Tr.  Jnl.  (Feb.,  1919)  10,  3- 
10.    2500  w. 

WELL  in  new  territory  near  Homer.  La.  Oil  Tr, 
Jnl.  (Feb.,  1919)  10.  84-5.  700  w.  Light 
oil  from  shallow  sand  developed  at  1400  ft. 

WELL  completions  by  fields,  1918.  OUdom 
(Feb.,  1919)  10,  14-6.  1800  w.  Summary 
of  all  fields. 

WYOMING  oil  history.  Some.  SaU  Lake  Min. 
Rev.  (Jan.  30.  1919)  tO,  29.  1000  w.  From 
Wyoming  Oil  Wld. 

WYOMING  output  up  to  40,000  bbl.  a  day. 
Oil  Tr.  Jnl.  (Feb..  1919)  10,  96-9.  3500  w 
Fifth  place  among  oil-producing  states. 

Miscellaneous 

KIMMERIDGE  oil  shale  of  England  and  Wales. 
Petr.  Rev.  (Jan.  4,  1919)  40,  7.  1000  w. 
Serial  concluded. 

PAPUA  oilfields.  Investigating  the.  W.  G> 
Langford,  Petr.  Wld.  (Jan.,  1919)  16,  19-24- 
1600  w.  On  the  geology  of  the  Hohoro 
district,  Australia. 

PETROLEUM  development  now  under  way  and 
in  prospect  in  Colombia,  South  America. 
Oil  7r.  Jnl.  (Feb..  1919)  10,  36-8.     1200  w. 
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METALLURGT  OF  IRON  AND  STEBL 

(See  also  Ore-dressing  and  Preparation  of  CoaL 
Coal  and  Coke,  Metallurgy  of  Non-feiro» 

Metols) 

ALGOMA  Steel  porporation.  Home  of.  T.  H. 
Fenner,  Gonad.  Macky.  (Feb.  6.  1919)  21, 
125-^.  3000  w.  At  Sault  Ste.  Mszie, 
Ontario. 

ALLOY.  Lewis  W.  Chubb.  U.  8.  Pat.  1291408. 
Off.  Oas.  (Jan.  14.  1919)  IM.  357.  45  w. 
Alloy  of  iron  and  nickel. 

ALLOYING — furnaoe.  F.  L.  MoGahan.  U.  & 
Pat.  1290268.  Off.  Gaz.  (Jan.  7.  1919)  IM, 
62.  240  w.  Combination  ol  amelting  and 
roasting. 

ALLOY  steel,  Effect  of  rate  of  temMrmtoie  ehaage 
on  tranitformaUons  in  an.  H.  SooftUBmU. 
A.  I.  M.  E.  (Feb.,  1919)  167-67. 

BENDING  metal^,  etc.  T.  Sloper.  British  FtL 
121163.  IIL  Off.  JnL  (Jan.  29,  1919) 
3415-6.     aOOw. 

BESSEMER  process  of  steel  nuurafaotore. 
Canad.  Maeky,  (Feb.  20,  1910)  M,  177-8. 
1500  w. 

BLAST  furnace  design.  Progress  in.  J.  G.  West. 
Jr.,  Iran  Tr.  Rev.  (Feb.  20.  1910)  M,  499- 
504.  4500  w.  Abs.  of  paper  read  befoie 
Am.  Iron  and  Steel  Inst. 

BLAST  furnaoe  plants  in  Clev«Iaiid.  PnetinI 
management  of.  H.  G.  Scott,  Iran  A  Cool 
Tr.  Rev.  (Jan.  17.  1919)  9«,  67-8.  0000  w. 
Read  Jan.  13,  before  Cleveland  Inetn.  (tf 
Engrs. 

BLAST  furnace  slag  in  concrete  and  reinforced 
concrete.     J.  £.  Stead,  in  London  ffnjifmr 
ing.     Bnong.  Wld,  (Feb.  15,  1919)  14,  36-8. 
2500  w.     Serial. 

BRICKS  from  open-hearth  fumaoea.  SiUea.  M. 
Meredith,  Canad.  Maehy.  (Feb.  13,  1919) 
tl,  167.    500  w. 

BRIEY  and  Lens— A  personal  glimpse.  H.  C. 
Estep,  Iron  Tr.  Ren.  (Feb.  27,  1919)  €4, 
509-72.  2000  w.  Impressions  of  a  rcoest 
visit  to  the  iron  and  coal  mines  of  northers 
France. 

BRITISH  foundries  are  now  preparing  for  peace. 
H.  C.  Estep,  Foundry  (Feb.,  1919)  47,  53-7. 
4500  w.     Survey  of  conditions. 

CANADIAN  steel  output.  War  expands.  P. 
Thompson,  Iron  Tr.  Rev.  (Feb.  2/,  19l0)  %k 
573-5.     1600  w. 


CARBON  in  iron  and  steel.     _ 
(Feb.  27,  1919)  50,  400.     500  w. 

CARBON  in  steel  and  ferro-alloys,  especially  in 
ferroohrome.  Determination  of.  P.  Koch. 
Chem.  Ahe.  (Feb.  10.  1919)  IS,  215.  200  w. 
From  SUM  «.  Bieen  SS»  2l4-2l.     1018. 

CASE  hMdening,  Application  of  heat  in.  T.  G. 
Selleck,  Ry.  Jnl.  ^eb..  1919)  S^  21-6.     5000 

•  w. 

CASE  hardening  long  shafts.  H.  Ensaw,  Macky 
London  (Jan.  16,  1919)  It,  431-4.    3500  wj 

CASE-hardening  process,  Shimer.  J.  W.  Ridb- 
ards.  Bull.  A.  I.  M.  E.  (Feb.,  1919}  431-3. 
1000  w. 

CASTING  apparatus.  S.  McFariand.  U.  S.  FM. 
1290614.  Off.  Gas.  (Jan.  7, 1919)  tM;  144-^ 
300  w. 

CASTING  apparatus.  T.  Broadbent.  U.  S.  Fki. 
1291890.  Off.  GoM.  (Jan.  14,  1919)  SR,  352. 
500  w. 

CASTING  practice.  Converter  staeL  C.  If. 
Campbell,  Proe.  Steel  Treat.  Resesreli  8oe^ 
(July,  1918)  1,  7-20.  10500  w.  Read  at 
Detroit,  Jan.,  1918.     Desmbes 
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THE  NEW  EXCELSIOR  AIROMETER 

Used  by  Largest  Mines  fte  World  Over 

"They  say  "  does  not  go  with  the  E.  M.  or  Mine  Supt.  that  has  one  in  hia 
kit  of  tools  THEY  KNOW— Sold  nnder  an  unequivocal  guaranty  of  accuracy 
and  not  to  reduce  air  pressure.  Our  Enginaera  Special  of  Aluminum  we^hs 
17  lbs;  will  last  a  lifetime;  price  S150.00. 


THE  AITOMATIC  SENTINEL  VALVE 

Adapted  for  protecting  our  Airometers  from  overblasta  of  air  when  in- 
stalled in  mine,  also  for  the  prevention  of  indis- 
criminate blowing  smoke  and  waate  of  air  by 
drift  men  and  those  inclined  to  over  ventilate. 
With  all  terminals  equipped  with  THELSEN- 
TINEL  your  compressor  will  keep  up  pressure 
if  all  the  machine  men  are  drilling  or  blowing 
smoke.    Ask  for  Bulletin  No.  9. 

THE  DENVER  HYDRO  COMPANY 
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CASTINQS,  Eleetrio  steel.  Ch«m.  A  Met. 
Bngng.  (Feb.  16,  1019)  10,  190-1.  500  w. 
Dayton  steel  wheel  for  motor  trucks. 

CASTINQS  in  loam  moulds.  Making  heavy  cylin- 
der. F.  H.  Bell,  Canad.  Founauyman  (Feb., 
1919)  10,  29-32.     2600  w. 

CASTINGS,  Quantity  production  of  small  iron. 
C.  A.  Hardy.  PounSty  (Feb.,  1919)  4T,  87-8. 
IdOO  w.    Sources  of  loss. 

CAST  iron  in  bending;  variation  in  beam  strength. 
J.  H.  Billings.  Canad,  Machy.  (Feb.  13,  1919) 
tl,  162-3.  1200  w.  Facta  relating  to  the 
effect  of  varsring  cross-section. 

CHAIN-welding  machine,  Belgian  electric.  F. 
C.  Perkins,  Canad.  Maehy.  (Jan.  30.  1919) 
tl,  109-10.  1000  w.  Machine  of  the  Gir- 
aud  type. 

COLD  working  of  metals.  L'ecrouissage  des 
m^taux.  BulL  Tech.  Suisse  Rom.  (Jan.  25, 
1919)  45,  13-5.     1600  w. 

COLORADO,  Ferrous  alloys  in.  (Les  ferro-alli- 
ages  au  Colorado.)  R.  M.  Keeney,  Jnl.  du 
Four  Blec.  H  dei  Ind.  ElectroehitniQMet  (Jan.  1, 
1919)  18,  4-6:  1300  w. 

COLUMNAR  crsrstallisation  by  rotation  during 
solidification.  Prevention  of.  H.  M.  Howe 
and  £.  C.  Groosbeck,  Bull.  A.  I.  M.  £. 
(Feb.,  1919)  361-5.     1000  w. 

CORE  mixtures  used  at  Bay  District  foundries. 
H.  Wiemann.  Metal  Tr.  (Feb.,  1919)  10,  89- 
90.  1500  w.  Report  at  meeting  of  Foun- 
drymen's  Club  of  California,  Jan.  16,  1919. 

CORE  ovens.  Application  of  pyrometers  to.  G. 
W.  KeUer,  Foundry  (Feb.,  1919)  47,  72-4. 
2000  w.  Read  before  Am.  Found.  Assn.  at 
Milwaukee. 

CORE  sand  without  a  binder.  Method  of  using. 
Canad.  Foundryman  (Feb.,  1919)  10,  41. 
700  w. 

COTTRELL  process,  Checking  up  on.  N.  H. 
Gellert,  Iron  Tr.  Rn.  (Feb.  13,  1919)  64, 
448-50.  2500  w.  Results  in  electrical  pre- 
cipitation of  impurities  from  blast-furnace 
gases. 

COVERED  electrode  process.  E.G.  Rigby.  Jnl. 
Engrs.  Cli/b  of  PhUa.  (Oct.,  1918)  85,  472-«2. 
8500  w.  Fourth  of  a  series  of  discussions  on 
electric  welding  as  applied  to  ship  construc- 
tion; Page' 9  Bngng.  Wkly.  (Jan.  4,  1919)  84, 
5-7.     8500  w. 

CR  UCIBLE  furnaces.  J.  Tylor  A  Sons  and  H.  T. 
White  and  J.  Gaunt,  and  D.  Brookfield. 
British  Pat.  121213.  lU.  Off.  Jnl.  (Jan.  29. 
1919)  3439.     160  w. 

CUPOLA  construction.  Mech.  Wld.  (Jan.  17, 
1919)  65.  31-2.     800  w.     From  Metal  Tr. 

DAVIDSON  process  of  casting  formed  tools 
J.  E.  Johnson,  Jr.,  Bull.  A.  I.  M.  E.  (Feb. 
1919)  353-60.     3000  w. 

DIE  castings  and  their  application  to  the  war 
program.  C.  Pack,  Bull.  A.  I.  M.  E.  (Feb.. 
1919)  239-48.     2000  w. 

DUST,  Electrostatic  precipitation  of.  B.  L. 
Saokett,  Iron  db  Coal  Tr.  Rev.  (Jan.  10.  1910) 
•8, 40.  700  w.  Discussing  O.  H.  Eschhols's 
paper. 

ELECTRIC  furnace  giving  a  uniform  tempera- 
ture. Four  61ectrique  permettant  d'obtenir 
une  temperature  unif orme.  Oinie  Civil  (Jan. 
18,  1919)  74,  45-7.     800  w. 

ELECTRIC  furnace.  Improvements  in.  Perfec- 
tionnements  dans  les  fours  ^lectriques.  Jnl. 
Four.  EUc.  (Jan.  15,  1919)  88,  12.     225  w. 

ELECTRIC  furnace  in  malleable  foundry,  Uses. 
F.  L.  Prentiss,  Iron  Age  (Feb.  27.  1919)  108, 
537-43.  4500  w.  Castings  made  by  Kranx 
triplex  process. 

ELECTRIC  furnaces.  Soc.  Electro-M^tallur- 
(ique  Fran^aise.  British  Pat.  121282.  lU. 
r.  Jnl.  (Feb.  5,  1919)  3466.     125  w. 


ELECTRIC  furnaces.  W.  F.  Jonee.  British  Fat 
120944.  lU.  Off.  Jnl.  (Jan.  22.  1919)  3335. 
600  w. 

ELECTRIC  furnaces.  Iron  and  Steel.  J.  Bibby. 
BUe.  Rev.,  London  (Jan.  31.  1919)  84,  136-7. 
1000  w.  Serial.  Abstract  of  paper  before 
the  Manchester  Assn.  of  Engrs.  iron  dt  Coal 
Tr.  Rev.  (Jan.  17.  1919)  08,  72.     1400  w. 
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ELECTRIC  furnace  steel  processes.  MetaUorgy 
of.  L.  B.  Lindemuth.  Engliek  Meek.  (Jan. 
17,  1919)  108,  295-8.  4500  w.  Comparison 
between  electric  furnace  prooesa  with  open 
hearth  and  crucible;  Jnl.  Engrs.  Club,  of 
Phila.  (Dec,  1918)  85,  544-9.  4500  w. 
Read  before  Phila.  Soc.  of  Aasn.  oi  I.  and 
S.  E.  E. 

ELECTRIC  smelting  of  iron  ore.  (Cm  elektrisk 
J&rnmalmsmlltning.)  A.  Grdnwmll.  Tek. 
Uke.  (Dec.  20.  1918)  85,  601-2.     400  w. 

ELECTRIC  steel  furnace,  recent  development 
of.  F.  J.  Moffett,  Fdy.  Tr.  JnL  (Jan..  1019) 
tl,  34-6.  1800  w.  Abstract  ol  paper  read 
before  the  Staffordshire  Iron  and  Steel  Inst. 
Nov.  9,  1918. 

ELECTRIC  steel.  Progress  in.  Iron  Age  (Feb. 
27.  1919)  108,  571-2.     500  w.     Edit. 

FERROMANGANESE  in  blast  furnaces.  P. 
H.  Royster.  BuU.  A.  I.  M.  £.  (Feb..  1919) 
367-78.     3000  w. 

FERROMANGANESE  in  electric  furnace. 
Manufacture  of.  Iron  dt  Coal  Tr.  Rn. 
(Jan.  17.  1919)  08.  77.  700  w.  Vien  of  B- 
M.  Keeney  and  of  E.  S.  Bard  well. 

FERRO-METALLIC  alloys.  Les  alliages  ferro- 
m6talliques.  J.  Escard.  Rn.  Gen.  dee  SeL 
(Dec.  30,  1918)  M,  706-13.     7  pp. 

FERRO-SILICON  as  an  aid  to  the  iron  fouodiy. 
W.  F.  Sutherland.  Canad.  Foundryvnan  (Feb., 
1919)  10,  39.     1000  w. 

FERROUS  and  non-ferrous  metallurgy.  H.  C. 
H.  Carpenter,  Elect.  TimeM  (Jan.  23,  1919) 
55,  55.  1200  w.  Extracto  from  artide 
contributed  to  catalo^e  of  the  Mancheetor 
Exhibition  of  the  British  Science  Guild. 

FORGING,  Improved  methods  of  hollow.  S.  A. 
Hand,  Am.  Machiniet  (Feb.  27.  1919)  80, 
377-82.  3000  w.  Methods  used  in  France 
in  making  the  75  mm.  shell,  now  applied  to 
other  use. 

FOUNDRY  and  shops  of  striking  dMi«n.  C. 
Lundberg,  Iron  Age  (Feb.  13.  1919)  lOt, 
417-22.     2500  w.     At  Hastings.  Mich. 

FOUNDRY,  Modern  methods  applied  to. 
W.  R.  Dean,  Metal  Ind.  (Feb..  1919>  IT, 
69-70.  900  w.  Serial.  Scientific  prbdoe- 
tion  of  metal  products. 

FOUNDRY  practice  in  Australia.  H.  E.  Hen- 
derson, Metal  Tr.  (Feb..  1919)  10,  S4-5l 
1200  w. 

FR.\NCE  as  an  iron  and  steel  country.  Engng. 
(Jan.  17.  1919)  lOT,  86.     800  w.     Edit. 

FUEL  oil  in  metal  industry.  A.  F.  BaSlie. 
Fdy.  Tr.  Jnl.  (Jan..  1919)  11,  46-6.  1200  w. 
Abstracted  from  paper  buore  the  Maa- 
chester  Assn.  of  Engrs. 

FURNACES.  E.  J.  W.  Richards  and  W.  Shaae. 
British  Pat.  120469.  IlL  Off.  JnL  (Jan.  8. 
1919)  3140.  75  w.  Metal  heating,  anneal 
ing,  welding  and  like  furnaces. 

FURNACES.  Soc.  C.  M.  Stein  et  Cie.  Briti^ 
Pat.  120552.  lU.  Off.  Jnl.  (Jan.  8,  1919) 
3175-6.     75  w.     For  metal  heating. 

FURNACES.  Iron.  J.  S.  Withers.  British  Pat 
120400.  III.  Off.  Jnl.  (Jan.  8,  1919)  3114. 
126  w. 

GRAIN  size  in  steel  as  influenced  by  rol&ng. 
W.  G.  Dauncey.  Bull.  Can.  Min.  Inst.  (Feb . 
1919)  164-8.     1000  w. 
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HANDLING  fuel  and  materials  in  iron  and  steel 
works.  F.  Somers,  CM.  Ouard.  (Jan.  17, 
1919)  117,  141.  2000  w.  From  paper  be- 
fore Staffordshire  Iron  and  Steel  Inst,  on 
Jan.  11,  1919;  Iron  A  Coal  Tr.  Rev.  (Jan.  17, 
1919)  98,  70.  1200  w.  Abstract  of  paper 
read  Jan.  .11,  before  Staffordshire  Iron  and 
Steel  Inst.;  iron  A  Steel  Tr.  Jnl.  (Jan.  25. 
1919)90.  600  w.  Serial.  Handling  of  steel 
for  reheating;  Page'e  Sngng.  Wkly.  (Jan.  26, 
1919)  S4,  69.     1000  w.     Serial. 

HARDENING  of  carbon  steel  to  prevent  dis- 
tortion and  cracking.  Beet  heat  treatment  ih. 
Managintf  Engr.  (Dec,  1918)  6,  168-74. 
6500  w.     Serial. 

HARDENING  operations,  Use  of  molten  salt 
baths  in.  F.  C.  A.  Lantsberry,  Page't 
Bngng.  Wkly.  (Jan.  11,  1919)  Si,  22.  1000  w. 
From  Head  Treatment  BuU. 

HARDNESS  of  soft  iron  and  copper  compared. 
F.  C.  Kelley,  Metal  Ind.  (Jan.  24,  1919)  14, 
61-2.     700  w. 

HARDNESS.  Testing  materials  for.  H.  Ensaw, 
Am.  Machiniet  (Feb.  6.  1919)  SO,  257-8. 
1800  w. 

HARDNESS  tests.  Jnl.  Inst.  Meoh.  Engrs. 
(Jan.,  1919)  556-97.  Further  discussion  of 
three  papers  in  London,  on  Nov.  15,  1918. 

HEATING  furnaces  and  annealing  furnaces. 
W.  Trinks,  Blaat  Fur.  A  Steel  Plant.  II.  (Feb., 
1919)  7,  98-101.  2500  w.  Serial.  Types 
compared. 

HEAT  treatment  of  plain  carbon  steels.  A.  8. 
Chew,  Manaoing  Engr.  (Dec,  1918)  6, 
l76-«2.     4000  w.     Serial. 

HEAVY  forgingB  at  the  Forrest  Forge  Company 

?Iant.     P.  J.  Forrest,  Metal  Tr.  (Feb.,  1919) 
0,  77-80.     600  w. 

HIGH  speed  steel:  its  properties  and  applications. 
Indian  Engr.  (Oct.,  1918)  U,  114-5.  2500 
w.     Practical  hints  to  purchasers. 

HOT  blast  stoves.  Forced  draft  for.  Iron  A 
Coal  Tr.  Ret.  (Jan.  10,  1919)  98,  40.  700  w. 
Opinions  of  Prof.  Oskar  Simmersbach,  Herr 
Ptoser,  and  Prof.  Osann. 

INFULENCB  of  temperature  upon  the  action  of 
slag  upon  refractory  materials.  R.  M. 
Howe,  Chem.  A  Mel.  Engng.  (Feb.  15,  1919) 
to,  167-8.  1500  w.  Read  before  the  Re- 
fractories Mfrs.  Assn.,  Nov.  20,  1918. 

INGOTS,  Production  of  solid  steel.  J.  E. 
Fletcher,  Fdy.  Tr.  Jnl.  (Jan.,  1919)  11,  27. 
800  w.  Abstract  of  paper  read  at  joint 
meeting  of  Birmingham  Metallurgical  Soc. 
and  Staffordshire  Iron  and  Steel  Inst.,  Dec. 
19,  1918;  Metal  Ind.  (Jan.  3,  1919)  14,  6. 
1000  w. 

IRON  alloys.  Process  of  making.  J.  R.  Speer, 
U.  S.  Pat.  1291220.  Off.Gae.  (Jan.  14, 1919) 
858,  312.     150  w. 

IRON     and     steel,     Increased     manufacturing 
facilities.     Times  Engng.  Sup.  (Jan.,  1919)  17. 
3500  w.     Conditions  in  England. 

IRON  and  steel'  practice,  Developments  in. 
J.  T.  Milton,  Iron  A  Coal  Tr.  Rev.  (Jan.  17. 
1919)  98,  78.  1200  w.  From ,  Presidential 
address  at  meeting  of  Inst.  Marine  Engrs. 

IRON  and  steel  works,  Mondeville-Colombelles- 
Bngng.  (Jan.  31,  1919)  107,  136-7.     3500  w. 

IRON-carbon-chromium  alloys,  On  the  structure 
of.  T.  Murakami,  Sci.  Rep.  Tdhoku  Imp. 
Univ.  (Dec,  1918)  7,  217-76.  Twenty- 
fourth  report  of  Alloys  Research  Inst. 

IRON  production.  M.  F.  Wijkstrom.  Canad. 
Pat.  188462.  Off.  Ree.  (Jan.  28,  1919)  47, 
117.     90  w. 
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JAPANESE  iron  and  steel  industry.  BluA  F«r. 
A  Steel  Plant  (Feb..  1919)  7, 8»-95.  4500  v. 
Report  on  industry  in  Manohoria  aod  Korea. 

LIFTING  ingots,  etc.  J.  8.  Atkinaon  and  Steia 
A  Atkinson.  British  Pat.  121363.  UL  Off. 
Jnl.  (Feb.  5,  1919)  3501-2.     100  w. 

METAL  melting.  Carbon  in.  W.  J.  May,  Eng- 
liek  Meek.  (Jan.  24,  1919)  109,  1.     1500  w. 

MALLEABLE  iron  annealing  period,  Redneing. 
A.  E.  White  and  R.  S.  Archer,  Foundrp  (Feb., 
1919)  47,  61-5.  3000  w.  InvestigatioDS 
and  results.  Read  before  Am.  Founds  Assn. 
at  Milwaukee. 

MANGANESE  aUoys  in  1918.  Iron  Age  (Feb. 
20,  1919)  108,  493.     600  w. 

MANGANESE  alloys  in  open-hearth  prmctiee. 
Use  of.  S.  L.  Hoyt,  BuU,  A.  I.  M.  £.  (Feb., 
1919)  277-89.  4000  w.  Work  done  by 
Manganese  Section  of  U.  8.  Bur.  of  Mines. 


MANGANESE  steel  castings,  Bfanufarture  of. 

B.  S.  Carr,  Meek.  Wld.  (Jan.  31,  1019)  if. 
56-7.  1200  IT.  From  Armour  fa^.  Phys- 
ical characteristics,  heat  treatment,  ete. 

MANGANESE  steel.  Method  of  making.  W.  G. 
Nichols,  U.  8.  Pat.  1291656.  0#.  Qax.  (Jan. 
14,  1919)  808,  415.  226  w.;  and  U.  8.  Pat. 
1291656.     360  w. 

MECHANICAL  properties  of  metals.  Effect  of 
temperature,  ddformation,  and  grain  eise  on. 
Z.  Jeffries,  BuU.  A.  I.  M.  E.  (Feb..  1919) 
576-8.     1200  w.     Summary  of  paper. 

MELTING  metals,  Some  principles  inrolved  in. 

C.  Viokers,  ^roM  Wld.  III.  (Feb..  1919)  U, 
41-3.     3000  w.     Serial. 

METALLIC  dust.  Manufacture  of.     E.  J.  Hall. 
U.  S.  Pat.  1290181.     Off.  Gae.  (Jan.  7,  1919) 
"1,  40.     70  w. 


METALLO-MICROSCOPE.  Detailed  study  of 
Reichert's  new.  (Dataljerad  undersdkning 
av  Reicherts  nya  metallmikroskop  j&mte  alK 
minna  studier  dver  belysningsoptiken  bos 
metallmikroskop.)  C.  Benedioks  and  E. 
Walldow.  Jem^KenL  Ann.  (Nov.  15.  1918) 
19,  537-45.     600  w. 

MOTOR  driven  continuous  mills.  H.  C.  Crook. 
Page'e  Engng.  Wkly.  (Jan.  18,  1919)  04,  48-0. 
800  w.  From  paper  before  Cleveland  Sec. 
of  Am.  Iron  ana  Steel  Elec  Engrs. 

MOLYBDENUM.  Iron  A  Steel  of  Canada  (Feb., 
1919)  1,  2-3.     800  w. 

MOULDING  and  pouring  a  gasoline  engine  bed. 
F.  H.  Bell.  Canad.  Maehy.  (Jan.  30.  1010)  81, 
106-8.     2000  w. 

MOULDING  machine.  Van  Guilder  Double 
Wall  Co..  Inc.  Canad.  Pat.  188761.  Off. 
Rec.  (Feb.  18.  1919)  47,  228-9.     100  w. 

NAVAL  gun  mounts,  Making.  F.  D.  Jones. 
Maehy.  (Feb..  1919)  80,  486-92.     4500  w. 

NICKEL-steel  gun  forginn.  Flaky  and  woody 
fractures  in.  C.  Y.  Clayton,  F.  B.  Laney 
and  F.  B.  Foley.  BuU.  A.  I.  M.  E.  (Feb..  1919) 
203-37.     Metallographio  study. 

OIL  furnace  for  melting  pig-iron.  Fdy.  Tr.  JnL 
(Jan..  1919)  81,  27-8.  1000  w.  Diefen- 
thftler's  tilting,  horisontal,  tubular  furnace, 
oil-fired  and  of  the  non-crucible  type. 

OPEN  hearth.  Basic  refractories  for.  J.  S. 
McDowell  and  R.  M.  Howe.  BuU.  A.  I.  M.  E. 
(Feb.,  1919)  291-309.  Magnesite  and  dolo- 
mite tests. 

OPEN-hearth  furnace  design,  Principles  of .  C.  H. 
F.  Bagley,  Blast  Fur.  A  Steel  PlanL  III.  (Feb.. 
1919)7.111-3.     2000  w.     Serial  concluded. 

OXY-ACETYLENE  flame  and  blowpipe  efii- 
oiency.  A.  Stephenson.  Acel.  A  W^d,  JnL 
III.  (Dec ,  1918)10, 2 14-6.  3000  w.  Reply 
to  diseussion. 
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PHOSPHORUS  in  ranadium  tteelt,  ferrorazui- 
diiim,  non-vanadiuin  steels,  and  pig-iron. 
Determination  of.  C.  M.  Johnaon.  JnL 
Indu9,  <k  Enong.  Chem.  (Feb.,  1919)  11, 
lia-«.     2600  w.     Methods. 

PICKLING.  Removing  oxide  scale  by.  E.  E. 
Corbett,  Iron  Tr.  Rev.  (Feb.  27.  1919)  64, 
M^-S.  4600  w.  Comparison  of  steel  clean- 
ing liquors  made  of  mter  cake  and  sulfuric 
acid. 

PIG  iron  after  the  war,  Electric.  R.  Turnbull, 
Chem.  dt  Met.  Bngng.  (Feb.  16.  1919)  10, 
178-9.  1800  w.  Read  before  Electrochem- 
ical Soc.  in  Atlantic  City,  Oct.  1,  1918. 

PLATE  mill  for  Japan,  Huge.  Iron  Tr.  Rev. 
(Feb.  6,  1919)  64,  387-8.     800  w.     Largest 

exported  from  U.  S. 

PLATE  mill  largest  in  the  world,  Lukens  new. 
Internal.  Marine  Engng.  (Feb.,  1919)  24, 
101-2.     1000  w. 

PLATE  mills,  Electrically  driven.     G.  E.  Stolts 
EUct.  Jnl.  (Feb..  1919)  16,  69-73.     3000  w' 
Revised  from   paper  before  PhUa.   Sec.   of 
Assn.  of  Iron  and  Steel  Elect.  Engrs. 

PLATE  rolling  mill  in  the  world.  Largest.  Engng 
(Jan.  24,  1919)  lOT,  110-2.  2000  w.  Plant 
of  Lukens  Steel  Co.,  Coatesville,  Pa. 

POTASH  content  of  blast  furnace  charges.  N. 
H.  Gellert,  Iron  Age  (Feb.  6,  1919)  IDS. 
366-6.  1000  w.  Alabama  iron  ores  and 
foreign  manganese  ores  contain  the. most. 

POTASH  from  blast  furnaces.  Com.  FertHieer 
(Feb.,  1919)  18,  60-2.  900  w.  Southern 
iron  ores  a  promising  source. 

PRODUCTION,  Increased  melting  capacity  aids. 
Foundry  (Feb.,  1919)  47,  69-71.     1600  w. 

PULVERIZED  coal  for  metallurgical  furnaces. 
C.  E.  Longenecker,  Iron  Age  (Feb.  6.  1919) 
lOS,  361-2.  600  w.  Greater  efficiency 
claimed. 

QUENCHING  experiences,  Surface  factor  in. 
L.  H.  Fry,  Page'e  Engng.  Wkly.  (Jan.  18, 
1919)  84,  45.  700  w.  Abs.  of  paper  before 
British  Iron  and  Steel  Inst. 

RAIL  mill  practice.  Some  pointers  on.  W.  S. 
Standiford.  Canad.  Maehy.  (Feb.  6.  1919)  tl, 
138-48.  4600  w.  Analysis  of  modern 
methods  with  i>articular  reference  to  roll  de- 
signing and  shrinkage  problems. 

REMINISCENCES.  P.  Kreuxpointner,  Proe. 
Steel  Treat.  Research  Soc.  (July.  1918)  1, 
61HI.  3600  w.  Reviews  metallurgical  prog- 
ress in  steel  treating. 

RESISTANCE  of  materials.  Cause  of  prema- 
ture rupture  of  pieces  of  steel  under  repeated 
strain.  lUeistance  des  mat^riaux.  Clause 
de  la  rupture  pr^matur^e  des  pi^ee  d'acier 
soumiseA  k  des  efforts  Hp6t6B.  Ch.  Fremont. 
Ginie  CivU  (Jan.  18, 1919)  74, 47-62.    1900  w. 

RESISTANCE  of  steel  to  fatigue  under  reversed 
stress.  Effect  of  cold-working  and  rest  on. 
H.  F.  Moore  and  W.  J.  Putnam,  Bull.  A.  I. 
M.  E.  (Feb.,  1919)  391-404. 

RIVET  steel.  Structure  and  strength  of  over- 
heated. S.  H.  Graf,  Engng.  Newt  Rec.  (Feb. 
6,  1919)  8t,  280-2.  1200  w.  Embrittling 
effect  made  clear. 

ROLLING  null.  V.  E.  Edwards,  U.  S.  Pat. 
1290942.  Off.  Gaz.  (Jan.  14,  1919)  1S8.  249. 
60  w.;  and  U.  S.  Pat.  1290943.  249-50. 
160  w. 

RUSTING  of  iron  and  steel.  Effect  of  rolling  on. 
H.  Y.  Carson,  Engng.  A  Contr.  (Feb.  26, 
1919)  61,  225.  1000  w.  From  discussion 
of  a  paper  on  Bridge  Inspection,  before 
Brooklyn  Engrs'  Club. 

RUSTLESS  iron.  Lost  secret  of.  Braea  WU. 
(Feb.,  1919)  16,  49.     260  w. 
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RUST  proofing  of  iron  and  steel.  E.  B.  Whittier, 
Metal  Ind.  (Feb..  1919)  17,  79-82.  3600  w. 
Parker  rust  proof  process. 

SHIP  steel.  Standardisation  of.  Paeifie  Marine 
Rev.  (Jan.,  1919)  16,  101-3.     2000  w. 

SILICA  brick  from  roof  of  a  basic  open-hesrth 
furnace  after  136  charges,  Seasoned.  C.  S. 
Graham,  Pdy.  Tr.  Jnl.  (Jan..  1919)  SI,  42-A. 
1600  w.  CJhemical  analysis  and  spedfie 
gravity  determinations. 

SILICIDES,  Metallic.  Les  mlioiuzes  m^taDiqiiea. 
J.  Esoard,  Mitaux,  AUiaoee  et  Mackime* 
(Jan.,  1919)  IS,  8-10.     1600  w. 

SMELTING  furnace.  A.  Poulson,  H.  Green  and 
W.  C.  A.  Mate,  Canad.  Pat.  188472.  Off. 
Ree.  (Jan.  28,  1919)  47.  120.     150  w. 

SMELTING  of  iron  ores  in  British  Columbia, 
Electric.  Iron  dt  Steel  cf  Canada  (Feb., 
1919)  S,  4-10.  8000  w.  From  report  b^ 
Dr.  A.  Stansfield  on  the  commercial  feasi- 
bility. 

SMELTING  oi«e.  J.  A.  Yeadon,  British  Pat. 
120610.  lU.  Off.  Jnl.  (Jan.  15,  1919)  3203. 
40  w. 

SMELTING,  Present  day  native.  Iron  Age 
(Feb.  13  1919)  106,  426.  400  w.  How 
iron  ore  is  reduced  and  converted  into  toob  in 
Rhodesia,  So.  Africa. 

SINTERING  ores,  Prooess  of.  A.  H.  Richards, 
U.  S.  Pat.  1292059.  Off.  Gaz.  (Jan.  21, 1919) 
S66,  546.     350  w. 

SPRINGS,  Mantifaeture,  heat  treatment  and 
physical  tests  of  automobile.  N.  E.  Hend- 
rickson,  Proe.  Steel  Treat.  Research  Soc 
(July,  1918)  1,39-44.  4500  w.  Paper  and 
discussion  at  Detroit,  March,  1918. 


STEEL  brings  problem.  Huge  loss  of.  G.  H. 
Manlove,  Iron  Tr.  Rev.  (Feb.  6,  1919)  64, 
371-5.     3500  w.     Shortage  of  scrap  in  U.  S. 

STEEL  castinn  in  ship  construction.  B.  Shaw 
and  J.  Edgar,  Canctd.  Foundryman  (Feb., 
1919}  10,  34-8.  4000  w.  Detwls  ol  pattern 
making,  molding  and  pouring. 

STEEX  converter  process  for  foundries.  G.  P. 
Fisher,  Iron  Age  (Feb.  6,  1919)  108.  352. 
600  w.  From  paper  before  Pittsburgh 
Foundrymen's  Assn. 

STEEL  failure.  Clearer  view  of.  Am.  Contr. 
(Feb.  15.  1919)  40,  30.     600  w. 

STEEL  industry  in  India,  Heavy.  Indian 
Bngng.  (Dec.  28.  1918)  64,  3M-5.  1200  w. 
Editorial  review  of  Dr.  A.  McWilliams*  paper 
before  the  Iron  and  Steel  Inst. 

STEEL  in  war  work  and  reoonstruction.  R.  W. 
Norton,  ContraU  Rec.  (Feb.  19,  1919)  SS, 
16(^-7.     1500  w. 

STEEL,  Microstruetural  features  of  flaky.  H.  & 
Rawdon,  Bull.  A.  I.  M.  E.  (Feb.,  1910) 
183-201.     2500  w. 

STEEL,  Premature  rupture  of  pieces  of,  under 
repeated  strain.  Sur  la  rupture  pr^maturic 
des  pidces  d'acier  soumises  &  des  efforts 
r6p6t6s,  Ch.  Fr6mont.  Compt.  Rend.  (Jan. 
6,  1919)  168,  54-6.     200  w. 

STEEL  production,  America's  remarkable  ad- 
vance in  high  girade.  C.  E.  Williams,  M/rz. 
Rec.  (Feb.  6;  1919)  76,  99-101.    800  w. 

STEEL  refinement.  Stages  in.     Iron  Age  (Feb. 
6,    1919)    108,  401-2.     1200   w.     Boiefidal 
j  use  of  silioo-manganese. 

STEEL  specifications,  British  adopt  twenty 
sUndard.  Automot.  Ind.  (Feb.  20.  1 019) 
40,  418-9.  800  w.  C<yv6r  steels  used  in 
automotive  engineering. 

STEELS,  Composition  and  properties  of.  H. 
Ensaw,  Meek.  Wld.  (Jan.  10,  1919)  66.  15-7. 
2500  w. 
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THREE  FACTS 
WORTH  KNOWING 


MONARCH  WHYTE  STRAND  WIRE  ROPE 

is  superior  in  wearing  quality  to  any  other  wire-rope  manufactured. 
It  is  strong,  tough,  durable  and  absolutely  dependable — especially 
where  work  is  severe  and  life  is  at  stake.  It  is  universally  indorsed 
and  adopted  by  mining  engineers  and  operators  throughout  the  country. 


KIUNDO  PATENT  NON-ROTATING  WIRE  ROPE 

is  the  only  absolutely  non-spinning,  non-twisting  wire  ro[>e  manufac- 
tured. An  ideal  rope  in  cases  where  the  load  hangs  free — espe- 
cially on  a  single  part  line.  It  has  200%  greater  wearing  surface 
than  ropes  of  ordinary  construction  and  is  more  pliable.  A  perfect 
construction  for  use  in  shaft  sinking  or  excavating. 


MONARCH  PATENT  MINE  CAR  HITCHINGS 

are  adaptable  to  any  system  of  haulage,  any  car  or  any  draw  bar. 
Easy  to  couple  and  uncouple.  Not  affected  by  mud,  water  or  weather. 
Permanently  attached  to  the  car.  Interchangeable.  Do  not  interfere 
with  hoisting  in  shaft.     Prevent  accidents  and  increase  output. 


MACOMBER  &  WHYTE  ROPE  COMPANY 

MAKERS  OF  HIGH  GRADE  WIRE  ROPE 

HOME  OFFICE  AND  WORKS 

KENOSHA. 

BRANCHES :  CHICAGO 


WISCONSIN 
PORTLAND  PITTSBURGH 


(PleaM  mantion  this  bullbtin  when  writing  .dvertuen.] 
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STRIP  mills  of  Trumbull  Steel  Co.  It^m  Ao§ 
(Feb.  20,  1919)  lOS,  475-9.  2600  w.  Hot 
mill  of  a  wide  range  of  speed*. 

TALBOT  and  other  processes.  ProoeMO  T^bot 
e  gli  altri  processi  Martin,  MttaU,  «  Chim, 
(^fov.,  1918)  U,  183-6.     800  w. 

TEMPE4RING,  Phases  on.  E.  W.  Upbam, 
Iran  dt  Steel  of  Canada  (Feb.,  1919)  t,  26-7. 
2600  w.  Read  before  Steel  Treat.  Researeb 
Soc.  at  DetrMt. 

TOOLS,  Davidson  process  of  casting  formed. 
J.  E.  Johnson,  Jr..  BuU.  A.  I.  M.  B.  (Feb., 
1919)  353-6.     3000  w. 

TOOL  steel  developed  by  research.  New.  Iron 
Tr.  Ret.  (Feb.  27,  1919)  M,  676-7.     600  w. 

TOOL  steel  manufacture,  Modern  methods  of. 
F.  B.  Lounsberry,  Proe.  Steel  Treat.  Research 
800.  (July,  1918)  1.  24-32.     6000  w. 

TOUGHNESS,  Static,  dynamic,  and  notoh. 
S.  L.  Hoyt,  BuU.  A.  I.  M.  £.  (Feb.,  1919) 
339-61.     4000  w. 

TUYERES,  bosh,  Notes  on.  J.  HoUings,  Iran  A 
Steel  of  Canada  (Feb.,  1919)  1, 1 1-3.  2600  w. 
Presented  at  meeting  of  English  Iron,  and 
Steel  Inst.,  Sept.,  1918. 

VOLUTE  aging  break.  H.  M.  Howe  and  E.  C. 
Groesbeck,  BuU.  A.  I.  M.  E.  (Feb.,  1919) 
181-2.     200  w. 

WATER-  cooled  equipment  for  open-hearth  steel 
furnaces.  W.  C.  Coffin,  BuU.  A.  I.  M.  £, 
(Feb.,  1919)  497-615.     3000  w. 

WELDING  and  cutting  industry  in  the  U.  8. 
Development  of  the.  H.  Cave,  Iran  <ft 
Coal  Tr.  Rer.  (Jan.  31,  1919)  98,  137-8. 
4000  w.     Serial. 

WELDING  and  cutting.  Modern.  E.  ViaU. 
Am.  Machinist  (Feb.  6,  1919)  80,  243-8. 
4500  w.  Serial.  I.  Thermit  welaing;  its 
history,  nature  and  uses. 

WELDING,  arc,  Notes  on  regulations  for. 
H.  M.  Sayers,  Marine  Bngrtg.,  Canad. 
(Jan.,  1919)  9,  35-7.  3500  w.  From  oaper 
before  I.  E.  E.  Precautions,  Canad.  Maehy. 
(Jan.  9.  1919)  tl,  39-41.     2600  w. 

WELDING,  Autogenous.  Ironmonger  (Feb.  1, 
1919)  IM,  60.  1600  w.  T.  T.  Heaton 
discusses  eleotrio  welding  at  Inst.  Mech. 
Engrs. 

WELDING,  electric:  A  new  industry.     H.  A. 

Hornor,   Eleetn.   (Jan.   17,   1919)   SB,  96-7. 

2500  w.     Abs.  of  paper  before  A.  I.  E.  E. 

Jnl.  Engrs.  Club  of  Phila.  (Dec.,  1918)  SI, 

537-43.     4000  w. 
WELDING,    Electric,  practice.     C.  A.  Adams, 

Jnl.  Engrs.  Club  of  Phila.  (Dec,  1918)  S6, 

531-6.     3000  w.     Seventh  discussion  of  a 

series  on  electric  welding  as  applied  to  steel 

ship  construction. 

WELDING,  Electric.  T.  T.  Heaton,  EnonQ. 
(Jan.  31.  1919)  lOT,  163-9.  6400  w.  Read 
before  Inst.  Meoh.  Engrs.,  Jan.  24,  1919; 
Engr.  (Jan.  31,  1919)  127,  101.  2600  w. 
Serial:  Iran  A  Coal  Tr.  Rev.  (Jan.  81,  1919) 
98,  136-7.     4000  w. 

WELDING,  electric,  to  shipbuilding.  Application 
of.     Maehy.  (Feb.,  1919)  S6,  492.     6OO  w. 

WELDING  for  shipbuilding  purposes.  Electric. 
W.  S.  Abell,  Trana.  N.  E.  Coast  Inst. 
Engrs.  and  Shipbldrs.  (Feb.,  1919)  SS,  49-68. 
5500  w. 

WELDING  in  ship  construction.  Electric.  H.  J. 
Cox,  Intemat.  Marine  Engng.  II.  (Feb.,  1919) 
Si,  95-9.  4500  w.  Serial  concluded.  Ex- 
tracted from  paper  before  Soc.  Naval  Archts. 
and  Marine  Engrs.,  Phila.,  Nov.  15,  1918. 

WELDING  methods,  Compare  electric.  S.  V. 
Goodall,  Marine  Rev.  (March.  1919)  49, 
128-31.  2500  w.  American  and  British 
methods  contrasted. 
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WELDING  mild  steel.     H.   M.  Hobart,  BuU. 

A.  I.  M.  E.  (Feb..  1919)  61SHI1.  Investiga- 
taoos  by  EasartaBey  Fleet  Corporation. 

WELDING,  Oiy-Matylene.  F.  Haaledine. 
EnfHQ.  (Jan.  31,  1919)  lOT.  162.  1000  w. 
Bead  before  Inst.  Meoh.  Engrs.,  Jan.  24, 
1919. 

WELDING,  Ozy-acetylens,  and  cutting.  Bngng. 
A  Min.  Jnl.  (Feb.  8, 1919)  lOf,  2^-0.  1800 
w.  Aba.  from  Bull.  No.  1 1 ,  issued  by  Federal 
Bd.  of  Vocational  Ed. 

WELDING   steel.    Difficulties   encountered  in. 

B.  K.  Smith,  BaiUr  Mak^r  (Feb.,  1919)  19. 
89-40.  1600  w.  Read  before  Northwestern 
Weld.  Assn.,  Minneapolis,  Minn.,  Oct.  9, 
1918. 

WELDS,  Effect  of  impurities  in  acetylene  on  the 
cost  and  quality  of.  C.  Bingham,  Canad. 
Macky.  (Jan.  9.  1919)  SI.  41.    700  w. 

WELDS.  Path  of  rupture  in  steel  fusion.  S.  W. 
MUler,  BuU.  A.  f.  M.  £.  (Feb.,  1919)  311-38. 

METALLURGY    OF    NON-FERROUS 

HBTALS 

(See  also  Mineral  Resources,  Ore-dressing  and 

Preparation  of  Coal,  Coal  and  Ccke,  and 

MetaUurgy  of  Iron  and  Steel) 

ALLOY  that  does  not  oxidise  or  change  its  form 
at  high  temperatures.  New.  Sci.  Am. 
{Mmh  1.  1919)  ISO,  207.    600  w. 

ALLOYS.  Cooper  Co.  .  British  Pat.  120565. 
lU.  Off.  JnLiJtin.  15.  1919)  3187;  40  w. 
Alloy  of  aluminium  and  beryUium. 

ALLOYING  furnace.  F.  L.  McGahan.  U.  S.  Pat. 
1290268.  0#.  GoM.  (Jan.  7,  1919)  SS«,  62. 
240  w.  Combination  of  smelting  and  rosst- 
ing. 

ALUMINIUM  alloys  and  metallic  aluminium. 
Analysis  of.  J.  J.  Fox,  E.  W.  Skelton,  and 
F.  R.  Ennos,  Jnl.  Soc.  Chem.  Ind.  (Dee.  31, 

1918)  ST,  32^-33.  7000  w.  Methods  and 
results. 

ALUMINUM,  Use  of.  in  the  electrical  iadustiy. 
Bur.  I'emploi  de  Taluminium  dans  I'industne 
de  r«leotriait«.  £.  Dusau^y.  BuU.  de  la 
Soc.  Frangaise  des  Eleotric&ens  (Nov.,  1918) 
8,  849-78.  29  pp.;  Rm.  Gen.  de  FSlec  (Jan 
11,  1919)  i.  63-8.  1800  w. 

BRASS  foundry  practice.  Materials  and  chemicals 
used  in.     C.  Viokers,  Brau  Wld.  III.  (Feb.. 

1919)  ii,  86-7.  8000  w.  Serial.  Deals 
with  phosphorus. 

BRONZE,  Effect  of  heat  treatment  on.  F.  F. 
Hansen  and  O.  A.  Knight,  Iron  Age  (Feb.  6, 
1919)  lOS,  847-9.  500  w.  Characteristics 
disclosed  by  Brinell  hardness  tests  and  pho- 
tomicrographs. 

COBALT  silver  ore,  Smelting  and  refining  of. 
S.  B.  Wright,  Engng.  A  Min.  JnL  (Feb.  8. 
1919)  lOT,  263-4.     1200  w. 

COBALT  silver  ores.  Mining  and  metallurgy  of. 
R.  W.  Leonard,  Jnl.  Engng.  Inst,  of  Canada 
^eb.,  1919)  S,  80MM).  6000  w.  Read  at 
Gen.  Professional  meeting,  Ottawa,  Feb.  12, 
1919. 

COLD  working  of  metals.  L'^crouiasage  des 
m4Uux.  BuU.  Tech.  Suiaie  Rom.  (Jan.  26. 
1919)  a,  13-5.     1500  w. 

COPPER  and  brass  tubes.  Method  of  and  appa- 
ratus for  bright  annealing.  J.  A.  Moorfaead, 
U.  S.  Pat.  1292362.  Off.  Gag.  (Jan.  21. 1919) 
258.  616.     200  w. 

COPPER  analysed.  Position  of.  Ifin.  A  Sci.  Pr, 
(Feb.  22,  1919)  IIS,  248-4.     1800  w. 
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MERRILL 

Processes  and  Products 


The  Merrill  Precipitatloa  Process 

The  Crowe  Vacuum  Predidtatioa  Process 

MerriU  Slime  FUters 

Menillite — A  Stq»erior  Zinc  Preciiatant 


A  NEW  MERRILL  PRODUCT 

THE  NORDSTROM  LUBRICATED  PLy(iVALV[ 

(Patented  in  United  Stalei  and  other  Conntiiet) 
"II  can't  stick  and  It  won't  leak." 


Tto  valve  ™  Webe&veth. 
developed  in  Nordstrom  Valve 
Menco  and  baa  mil  be  very  gen- 
been  enenively  ,^j,  ^^^  ,„ 
uied  for  Ibe  piat  „j^„j  „j  ^,. 
three  year.,  par-  allnrgical  planli 
ticnlarly  in  tie  Ihtonshonl  tbe 
dialrlcu  of  Pa-  ^,j  ,„j  ,, 
cbnca    and    El  „l,^,    ,   „,,, 


Oro,    both 


order  to  demon- 


metallurgical  ,^,„  i^  „aily 

plant,    and   lor  ,„  y,„  ^^, 

underground  air  ^j^^  service. 


Litvntture  dercrlbhig  any  or  all  of  the  nbove  will  be 
gladly  Bent  to  tlioBe  interested. 


THE  MERRILL  COMPANY 

(VaiiMrly  HmtOI  HeuUnrtiul  Cain;«a]>) 

121  Second  Street,  San  Francisco,  California 

C*Ua  Addieu:  Cadn:  Badfoid  UcH'eDI  (•ilhar  aditian) 


wbcn  writing  advartiMn-l 
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COPPER  driving  baodi.  Manufacture  of.  W.  J. 
Reardon.  Metal  Ind.  (Feb..  1919)  17,  63-8. 
2500  w.  Method!  developed  for  production 
of  pure  copper  caatings. 

COPPER  smelting  and  refining,  Continental.  J. 
Petren.  in  TeknxMk  Tidtkrifi,  ST.  Indyut. 
Auttrat,  (Jan.  9.  1919)  €1,  51.     1000  w. 

ELECTRIC  furnaces.  W.  F.  Jonee.  British  Pat. 
120944.  lU.  Off,  Jfd.  (Jan.  22*1919)  3335. 
500  w. 

ELECTROMETALLURGY.    See  next  page. 

ESTIMATION  of  lead  in  brase  and  alloya.  Notes 
on  the  rapid.  Q.  H.  Hodgson,  Chim.  Newa 
(Jan.  24.  1919)  118,  37-8,     1500  w. 

ETCHING  media  commonly  used  in  non-ferrous 
metallography.  A.  J.  C  Smout.  Metal  Ind. 
(Jan.  3,  1919)  14,  1-2.  1500  w.  Their 
formulas  and  methods  of  use. 

FERROUS  and  non-ferrous  metallurgy.  H.  C. 
H.  Carpenter,  Elect.  Timet  (Jan.  23,  1919) 
55.  55.  1200  w.  Extracts  from  article  con- 
tributed to  catalogue  of  the  Manchester  Ex- 
hibition of  the  British  Science  Guild. 

FURNACES.  Soc.  C.  M.  Stein  et  Cie.  British 
Pat.  120562.  lU.  Off.  Jnl.  (Jan.  8,  1919) 
3175-6.     75  w.     For  metal  heating. 

HARDNESS  of  soft  iron  and  copper  compared. 

F.  C.  Kelley,  Metal  Ind.  (Jan.  24,  1919)  U, 
61-2.     700  w. 

HARDNESS  of  alloys  of  non-ferrous  metals.  P. 
Ludwik,  Paee'e  Engng.  Wkly.  (Jan.  11,  1919) 
Si,  23.  1200  w.  From  Zttch.  Ver.  Deut. 
Ing. 

LEACHING  by  the  New  Cornelia  Copper  Co., 
First  year  of.  H.  A.  Tobelmann  and  J.  A. 
Potter,  BxM.  A.  I.  M.  E.  (Feb.,  1919)  449-95. 

LEAD  and  sine  ores  in  the  Missouri-Kansas- 
Oklahoma  sine  district,  Mining  and  milling' 
of.  C.  A.  Wright,  U.  8.  Bur.  Mines,  BuU. 
154.  126  pp.  Methods  in  the  Joplm  dis- 
trict. 

MANGANESE  and  other  ores,  Process  of  ex- 
tracting values  from.     E.   W.   Haslup  and 

B.  A.  Peacock.  U.  S.  Pat.  1291867.     Off.  Oat. 
(Jan.  21,  1919)  158,  496.     180  w. 

MANGANESE  bronze.  P.  E.  McKinney,  Bull. 
A.  I.  M.  E.  (Feb.,  1919)  421-5.     1500  w. 

MECHANICAL  properties  of  metals.  Effect  of 
temperature,  deformation,  and  grain  sise  on. 
Z.  Jeffries.  BtUl.  A.  I.  M.  E.  (Feb.,  1919) 
575-8.     1200  w.     Summary  of  paper. 

MELTING  metals,  Some  principles  involved  in. 

C.  Vickers,  Brata  Wld.  III.  (Feb.,  1919)  li, 
41-3.     3000  w.     Serial. 

MELTING  fiurnace.  An  American  non-crucible, 
non-ferrous.  Metal  Ind...  London  (Jan.  17, 
1919)  14,  46.     900  w.     Uses  oU  fuel. 

MELTING    of    non-ferrous    metals.    Notes    on. 

G.  C.  Swift.  Metal  Ind.  (Jan.  24.  1919)  U, 
73.     1500  w.     Abs. 

MELTING  silver,  nickel,  and  bronie  alloys  by 
electricity.  Engng.  A  Min.  Jnl.  (Feb.  15, 
1919)  107,  323-4.  1200  w.  Abstracted 
from  1918  report  of  the  Director  of  the  Mint, 
Treasiu-y  Dept.,  Document  No.  2822. 

METAL  coloration.  Chemical.  E.  Haas,  Bratt 
Wld.  (Feb.,  1919)  li,  45-6.     900  w. 

METALS  and  allosrs  from  a  colloid-chemical 
viewpoint.  J.  Alexander,  BuU.  A.  I.  M.  E. 
(Feb.,  1919)  427-30.     1400  w. 

METALLIC  dust.  Manufacture  of.  E.  J.  Hall. 
U.  S.  Pat.  1290181.  Off.  Qaz.  (Jan.  7,  1919) 
158,  40.     70  w. 

MIDDLEMARCH  mine  and  miU.  B.  M. 
Snyder,  Min.  A  Sci.  Pr.  (Feb.  8,  1919)  118, 
181-2.     1200  w.     Copper  mine  of  Arisona. 
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MOLYBDENUM.  O.  J.  Stowmrt,  iTw.  FaUe 
Nottt  (Jan.-Feb.,  1919)  S,  1-5.  1500  w. 
Usefninciss,  tests,  compounds  and  alloys. 

MOLYBDENUM,  Preliminary  determination  of 
the  thermal  expansion  of.  L.  W.  Scbad  and 
P.  Hidnert,  U.  S.  Bur.  SUndards,  Sci.  Paper 
No.  332  (Jan.  29.  1919)  31-40.     1200  w. 

NON-FERROUS  metals.  An  extending  industry. 
Timet  Engng.  Sup.  (Jan.,  1919)  18.  2000  w. 
Important  advances  during  recent  y< 


NOMENCLATURE  of  non-ferrous  alloys. 
Canad.  Foundnnnon  (Feb.,  1919)  10.  42. 
600  w. 

PROCESSES  of  refining  and  parting  gold  and 
silver.  F.  C.  Hughes,  Presidential  address. 
Trant.  Min.  A  Geol.  Inst,  of  India.  (Sept., 

1918)  U.  15-30.     5000  w. 

STANDARDS  for  brass  and  bronxe  foundriee  and 
metal-finishing  processes.     L.  Exmkine,  BulL 
;  A.  I.  M.  E.  (Feb.,  1919)  263-75.     5000  w. 

I  Foundry  sanitation,  etc. 

.  SMELTING    in    IndU,    Prospects    of.     F.    C. 

I  Hughes.    Min.    Jnl.    (Jan.    11.    1919)    ISi, 

i  24-5.     3500  w.     From  presidential  address 

I  to  the  Min.  and  Geol.  Iimt.  of  India. 

'  SMELTING  ores.  J.  A.  Yeadon,  Britkh  Pat. 
120610.  lU.  Off.  Jnl.  (Jan.  15,  1919)  3203. 
40  w. 

SOLDERING  and  brasing.  P.  W.  Blair,  Metal 
Ind.,  London  (Jan.  10,  1919)  14,  21-2.  2300 
w.  Account  of  various  operations  and 
materials  used. 

SOLDERS  at  elevated  temperatures,  Strencth  of. 
C.  W.  Hill  and  C.  H.  Carpenter.  Metal  Ind. 
(Feb.,  1919)  17.  82.     600  w. 

STELLITE,  Production  and  usee  of.  8.  B. 
Wright,  BuU.  Can.  Min.  Inst.  (Feb..  1019) 
168-71.  1300  w.  Reviews  paner  by  B. 
Haynes  before  Am.  Inst,  of  Metals. 

TIN  and  lead  foil.  Production  of.  Metai  Ind. 
(Jan.  24,  1919)  14,  67.  500  w.  Details  of 
special  mill.  - 

TOUGHNESS.  SUtie,  dynamic,  and  noteb. 
S.  L.  Hoyt,  BuU.  A.  T.  M.  £.  (Feb..  1019) 
339-51.     4000  w. 

TUNGSTEN  steels.     Canad.  Maehy.   (Feb.   13. 

1919)  11,  161.    400  w. 

VOLATILIZATION  of  cuprous  chloride  on 
melting  copper  oontaining  chlorine.  S. 
Skowronski  and  K.  W.  MeComas,  B«2L 
A.  L  M.  E.  (Feb.,  1919)  160-79. 

WELDING  of  lead,  Autocenous.  P.  Rosembeiv. 
Acet.  A  wad.  JnL  Vf.  (Dec..  1918)  15,217-0. 
900  w. 

WHITE  metal  for  friction  bearings,  Manofacture 
of.  Metat  Ind.  (Feb..  1919)  17.  74.  600  w. 
Procesp  for  production  from  lead,  antimony, 
copper  and  tin.  of  white  metals  containii^ 
silicon. 

ZINC-distilling  furnace.  Ruck.  Sngng.  A  Min. 
Jnl.  (Feb.  15,  1919)  107,  307-8.     200  w. 

ZINC  ore,  Method  of  treating.  D.  B.  Jonea. 
U.  8.  Pat.  1292330.  Off.  Gae.  (Jan.  21.  1910) 
158,  611-2.     500  w. 

ZINC  smelting  capacities  and  propertiea,  Forfag;a. 
W.  R.  Ingalls,  Engng.  A  Min.  Jnl.  (Feb.  1. 
1919)  107,  227-8.     1000  w. 

ZINC  smelting  in  India.  Engng.  A  Min.  Jnl' 
(Feb.  22,  1919)  107,  350-8.  2000  w.  Re- 
port of  T.  R.  Wynne  at  meeting  of  tbe 
Burma  Corporation,  Ltd. 

ZINC,  United  States  production  of  roOed. 
Metal  Worker  (Feb.  21,  1919)  91,  243. 
700  W. 

ZIRCONIA,  xirkite.  and  ferro-zirconium.  H.  C 
Meyer,  Min.  Mag.  (Jan..  1919)  M,  S4-7. 
45()0  w.  From  paper  before  Ceramic  Soe. 
at  Swansea.  Deals  with  the  oommercu] 
form  in  which  sirconia  occurs. 
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/ILUS-CHflLMERS 

I  MIUMUKH.  WIS.     U.S.H.  W 


IPlMM  lOTDtioii  thiasuLUTiH  whan  wrilioc  wlTKtiNn.I 


THE  MINING  AND  METALLURGICAL  INDEX 


ELBCTROMBTALLnKGT 

ELECTROMETALLURGICAL  progreas  in  Swe- 
den. Progrte  de  L'^eetrom^taliurgia  «n 
Sudde.  Ind,  BUet.  (Jan.  25, 1919)  tir31-2. 
500  w. 

GOLD  precipitation  on  charcoal  with  an  accelera- 
tor. G.  D.  Reid,  Chem.  Bnano.  A  Min. 
Rm.  (Sept.  5,  1918)  10»  374-^.  1200  w. 
Ezpenenoee  in  Victoria. 

NEW  CALEDONIA,  Eleetrometallurgical  treat- 
ment of  nickel  ore  of.  (TraitemenC  dlectro- 
m^tallique  dee  minerais  de  nickel  de  la 
Nouvelle  Cidedonie.)  M.  .M.  Sabathier, 
Jnl.  du  Four  BUe.  tt  det  Ind.  BUetrochimi' 
^ues  (Jan.  1,  1919)  U,  3.     500  w. 

PRECIPITATION,  Notes  on  electroetatio. 
H.  D.  Braley.  Am.  Eleotro-ehem.  Soo. 
Advance  copy.  No.  8,  13-44.  Recovery  of 
metiJlie  duet  and  fume. 


PRECIPITATION  of  cold  from  its  eolution  ia 
cyanide.  Application  of  charcoal  to  the. 
H.  R.  Edmands.  BuU.  168,  Inst.  Min.  and 
Met.  (Sept.  26,  1918)  1-2.  700  w.  Re- 
marks by  T.  B.  Stevens  on  this  paper. 

ZINC,  Electrolytic  deposition  of.  H.  E.  Brongh- 
ton,  Chem.  A  Jfcf.  Biting.  (Feb.  IS.  1919) 
SO,  155-62.  7000  w.  Details  of  electro- 
chemistry involved. 

ZINC,  Electrolytic  precipitation  of.  D.  Mc- 
intosh, Chem.  Ab9.  (Feb.  10.  1919)  U,  210. 
200  w.  From  Trana.  Roy.  Soo.  Canada. 
11.  III.  113-^  (1917). 

ZINC.  Power  data  for  electrolytic.  G.  H. 
Clevenger  and  F.  8.  Muloek.  Chem.  dt  MdL. 
Bnqng.  (Feb.  15.  1919)  10,  500  w.  Inset 
giving  straight  line  diagram,  with  ex- 
planation. 


ONE  OF  AMERICA'S  EDUCATIONAL  PROBLEMS 

The  illiterate  and  non-EngUsh  speaking  residents  of  the  United  States 
over  10  years  of  age,  outnumber  all  the  people  in  Nevada,  Wyoming, 
Delaware,  Arizona,  Idaho,  Mississippi,  Vermont,  Rhode  Island,  North 
Dakota,  South  Dakota,  Oregon,  Maine,  Florida,  Connecticut,  and  Wash- 
ington combined.  They  exceed  the  total  population  of  the  Dominion  of 
Canada.  As  voters,  their  ballots  will  outweigh  the  influence  of  greater 
New  York,  Philadelphia,  and  Chicago  in  national  affairs.  The  South 
leads  in  illiterates;  the  north  leads  in  non-English  speaking.  Thou^ 
17.25  per  cent,  of  the  people  of  the  southeast  central  States  are  illiterate. 
15.8  per  cent,  of  the  people  in  Passiac,  N.  J.,  cannot  read,  speak,  or  write 
English;  16  per  cent,  of  the  people  of- the  south  Atlantic  States  are  illit- 
erate and  so  are  13.2  per  cent,  of  the  people  of  Lawrence  and  Fall  River, 
Mass.  Of  the  first  2,000,000  men  drafted  into  the  National  Army  200,- 
000  could  not  read  their  orders  nor  the  letters  sent  them  from  home. 


ARTIFICIAL  GRAVEL 

In  one  of  the  Southern  concrete  shipbuilding  yards  all  conditions 
were  favorable  except  that  there  was  no  rock  or  gravel  at  hand.  Re- 
search with  the  Southern  clay  showed  that  if  it  is  fixed  at  the  proper 
rate  and  temperature,  very  hard  and  porous  lumps  of  the  desired  size 
result.  Concrete  made  with  them  has  practically  the  same  crushing 
strength  as  that  made  with  crushed  rock.  Owing  to  its  porous  nature 
this  artificial  gravel  is  very  light,  but  the  completed  ships  stood  up  to  all 
the  tests  and  proved  to  have  ^  carrying  capacity,  compared  to  dead 
weight,  much  above  that  of  wooden  or  other  concrete  ships  and  nearly 
equal  to  those  built  of  steel. 

(32) 
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CRUSHING  MACHINERY 

AND 

MAGNETIC  SEPARATORS 

Buchanan  All-Stecl  Crusher  Type  "C" 

These  Crushers  are  nude  in  over  ao  taat 
from  14  X  36"  up  to  and  including  60  X  84". 
The  beuings  are  all  waterjacketed  and  remov- 
able in  the  larger  sizes.    Jaw,  Cheek  Plates 
■  .  and    Toggle    Bearings    of    Manganese    Steel. 

Pitman  spring  balanced  and  made  parting. 
J  Underfeed  forced  lubrication  on  all  bearing. 
Several  sizes  made  sectional  fot  lowering  in 
mines  for  underground  operations.  All  steel  ratting*  thorou^y  anneued. 
The  Buchanan  Co.  were  the  pioneers  in  developing  the  large  AIX-STEEL  Sec- 
tional Crusher.  Our  first  machine  (48"]  waa  built  over  twelve  years  ago  and  is 
■till  in  successful  operation.  Send  for  Bulleton  No.  10  describing  these  machines. 
For  medium-size  Crushers,  send  for  Bulletin  No.  9. 

Buchanan  Crushing  fifAis 

Illustration  shows  our  Type  "C"  Crushing 
Rolls  made  in  sizes  from  18  X  13"  to  41  X  16. 
Type  "  C '  Special  from  36  X  18"  to  «  X  34"  and 
72  X  36".  This  t]^  ol  Roll  is  made  with  Semi- 
Steel  box  bed  cast  in  one  piece.  Bearinp  are  of 
Phospboi  Bronze.  The  Stationary  Roll  is  pro- 
vided with  fleeting  adjustment  so  that  the  roll 

can  be  moved  sideways  to  prevent  grooving.  The  adjustable  roll  is  provided 
with  our  patent  swivel  pillow  blocks  which  keep  the  roll  bearings  in  perfect 
alignment  and  prevent  cramping  of  the  shafts  when  passing  iron  or  other  hard 
substances  through  the  Rolls.    If  interested  in  Rolls,  send  for  Bulletin  No.  13. 

Buchanan  Magnetic  Separators 

We  build  eight  distinct  types  of  Separators.as  follows: 
t.  Alternating  Pole— Drum  Type. 

2.  Belt  Type  Alternating  Pole  Pieces. 

3.  Magnetic  Ore  Cobbers — Drum  Type. 

4.  Magnetic  Ore  Cobbers— Belt  and  Dram  Type. 

5.  Magnetic  Wet  Separators  for  fine  ore. 

6.  Magnetic  Wet  Sepaiatora  for  coarse  ore. 

7.  Mi^netic  Head  Pulleys. 

8.  Magnetic   Drums    with   Special    Magnets   for 
handling  large  masses  of  iron  or  steel. 

Magnetic  concentrating  plants  complete  in  all  de- 
tails.   We  have  designed  and  built  over  a  dozen  complete  plants. 

Over  thirty  years'  experience  in  designing,  building  and  opera  tingMagnetic  Sep- 
arators for  practically  every  known  commercial  purpose.  Send  for  BuUetin  No.  14. 


C.  G.  BUCHANAN  CO.,  Inc. 

90  WEST  STREET,  NEW  YORK,  N.  Y. 

[PIhm  nMotloo  tliia  wnvnin  whoa  vritinc  advartiMn.!  ( • 
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BALL 

MILL 


BALL 
MILL 


Symons  Disc  Crusher 

between  the  primary  breaker  and  your 
ball  mill,  you  will  reduce  the  wear  on 
lining  and  balls  and  increase  capacity 
of  your  mill,  thereby  reducing  the 
cost  per  ton  of  ore  crushed. 

YOU  CANNOT  BREAK  ROCK  ECONOM- 

ICALLY  IN  A  GRINDER 


Chalmers  &  Williams,  Inc 

1465  Arnold  Street.  CHICAGO  HEIGHTS.  ILL 


(34) 


[Pleaae  mention  this  bullbtin  when  writing  advwtieera.} 
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TRAYLOR  EQUIPMENT 

FOR 

MINE,  MILL  AND  SMELTER 


JAW  CRUSHERS  for  every  purpose  all  fitted 
with  cast  steel  water-cooled  pitman,  water' 
cooled  main  pitman  sboft  bearings  and  built  in 
sizes  from  7"  x  10"  Jaw  opening,  up  to  and  in- 
cluding the  Giant  66"  z  86"  cmaher  wdgbing 
63o,ooo  pounds,  the  largest  Crusher  in  the 
world.     Bulletin  J-i. 

CRCSHIITG  ROLLS  with  the  "Fleeting  Roll" 
the  only  Crushing  Rolls  built  which  have  an 
automatic  device  for  shifting  the  position  of 
the  hzed  roll  in  a  lateral  direction.  Corrugat- 
ing and  Flanging  of  the  Roll  shell  eliminated, 
thus  assuring  a  greater  tonnage  per  set  of  ibells, 
also  a  greater  tonnage  of  finished  product  per 
horse  power  consumed.  Built  in  sizes  from 
18" 1 10"  to  70" X  30" inclusive.     Bulletin  R-i, 

SHBLTING  FDRITACES  for  Copper  or  Lead 
Smelting  equipped  with  Traylor  Patented 
Water  Jackets,  having  the  tuyere  an  integral 
part  of  the  Bre  sheet  which  is  free  from  all  pro- 
jections, also,  Traylor  quick  detachable  tuyire 
connection  and  many  other  features  whichhave 
made  Traylor  Smelting  Furnaces  World  Stand- 
ard, as  evidenced  by  over  90%  of  all  new 
smelting  equipment  purchased  during  the  past 
fiscal  year  being  mode  by  us.    Bulletin  SF-i. 


COPPBR  COnVERTERS  so  designed  that 
any  tuyire  can  be  removed  without  interfering 
with  the  others.  Tuyere  Boxes  that  can  be 
detached  without  disturbing  the  tuyere  pipes 
because  of  the  Williams  connections.  Shelby 
improved  Tuyere  valve,  universal  air  connec- 
tion, all  features  that  make  for  efficiency  and 
ease  in  operation.     Bulletin  C-i. 


Traylor  Engineering  &^  Mfg.  Co. 

Main  Office  and  Works:  AUentOWn,    Pa.,    U.    S.    A. 

NEW  YORK  CHICAGO  LOS  ANGELES  SPOKANE 


[FlUM  manUon  thia 


n  writini  *dT«rtiaer>.| 
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Sllvtr-UW.  Copper  and  PyriUe  SMiltlH  Wwfa,  SMi^li«  Woriu,  C*HMr  tmiwirit. 
Ing  Ptub,Rock  Cnwhlns  PUnb,  Stamp  HOkCMoflMUM  WIW.  CyMMt  Wh.  CM«irt 
Nllli,  Timber  Crtowling  Ptwt*.  NlM  Cqulpmot  On  Dfyli«  MMlthMy,  Pmmt  Tt^ 
minion  Nachlnciy.  Appvabu  for  PulvnWag  mmI  Bondag  CmI  (or  ladtutrU  FatpMU. 
Woodbury  Syitun  of  CmccnbiUon,  Pachaca  Parral  aad  CyanMi  Tanki^  liowli  PrtM- 
boM  Gu  Gcntrator*.  Suction  Gw  PUiiti  md  Ofl  Ci^lMt. 

WiiM  for  Catalaia  Vpoa  Ik*  Uo**  BabjMta. 


SUPERIOR  McCULLY  GYRATORY  CRUSHERS 
OUR  NEW  DESIGN  (Pktcntcd) 

The  Lwt  Word  In  Gyratory  Cniahei  Comtmc- 
tion.  Life  of  "Eccentric  and  Gears"  Lengthened 
"ioo%,"  BecauM  All  "Dost  and  Grit"  ii  AbMdntc- 
ly  Excluded  and  "Cut  Gean"  ran  "Quietly  in  00," 
Main  Shaft  60%  Stronger  than  any  Gyratory  of 
Corresponding  Opening:  Ana  of  Eccentric,  100% 
Greater  than  any  Macnine  of  Equal  Siie. 

Capofiiia — 30  to  1000  tons  per  hour,  biult  in 
^zes  from  10"  to  54"  opening.  Aik  foi  Bulletin 
of  thb  new  machine. 

SUPERIOR  JAW  CRUSHERS 

We  were  the  Pioneer  Builders  of  Large  Jaw 
Crusher* — Have  More  Large  Machines  in  Opam- 
tion  than  all  other  Manufacturen  Combined — Re* 
Mat  Orders  for  S4"xeo"  Machines  from  Chile 
Copper  Co.;  Chino  Ciqiper  Co.;  HardawayCo.; 
Luoasavaara  Kurunavaara  Akti(l>olag.  Built  in 
sizes  from  36"  x  24"  to  84"  1 66".  CtpacUits — 70 
to  600  ton  per  hour.    A^  iat  Bulletin  No.  44. 

COPPER  CONVERTERS  GT.  FALLS  TYPE 

Manufactured  in  two  distinct  designs,  known  ai 


vertical  blow  tops,  of  any  di 

Number  of  tuyires  may  range  from  30  to  iS,  as 

desired.    Blast  connection  may  be  placed  on  either 


GARFIEU)  CRUSHING  ROLLS 

:tured  in  a  wide  range  of  sixes,  to  meet 
the  requirements  of  discrimliLating 
en^eers,  who  demand  on  exception- 
allyeffidentandworthydesign.  Moat 
sizes  of  Garfield  Rolls  so  constructed 
as  to  permit  the  use  of  cvtriii*  roll 
shells.  A  wide  range  of  standard  de- 
o  several  fecial  types  equipped  with  heavy,  fly-wheel  type  pulleys. 


WORTHtNGTON  PUMP  AND  MACHINERY  CORPORATION 
115  Broadway,    •    New  York 

Power  and  Mining  MadilMry  Worlw,  C«4ahy.  Wto. 
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Pulverized  Coal  [quipment 


AmoBt  aoine  i^  the  plants  VKOg  our  PulvenzBil  Coal  Eqinproenl  for  heating 
IndnMrial  Ftsnacea  and  Steam  Boileta  are  the  hUavmst 

Amarieu  Iron  &  Steal  Co.,  Op«a  HMrtb.  PuiIdliD(  and 

HaaliDi  Furcaoea. 
AmricBi  LocoDBlive  Worka.  Steam  Boilsn. 
AiiMrtcao  Smaltioi  &  Re£ma(  Co.,  Rirvarbaratary  Fur- 

AmaricaD  Steal  &  Win  Ca..  Open  Haarlti  FuriMCM. 

American  Stae)  &  Wire  Co.,  Haatiog  Fumacoa. 

Alehiaon.  Topoka  &  Santa  Fe  R.  R..  LooomMivaa. 

Atlantic  Steal  Cunpany.  Opaa  Hearih  FanuMiaa. 

Aah  Gram  Line  &  Portlaad  Ceaanl  Co.,  Steam  Bailan. 

BMhtahao)  Steal  Co.,  Opaa  Heanb  Fumacaa. 

Choolaw  PoriUnd  Canwit  Co.,  Steam  Boiler*. 

Inland  Steal  Co..  Healin|  Fumacee. 
,    LackawaaiM   Staal   Co.,   C«lcioiii|   and   alao   Fhie   Dual 
^  Noduliiint  Kilna. 

M.  K.  &  T.  RailroKl.  Steam  Boilera. 

Milwaukea  Electric  Uffat  &  Power  Co..  Sleam  Eloilen. 

NieiMb  Copper  Compan)',  Smelter. 

PadCc  Co«l  Coal  Co.,  Steam  Boilar^ 

PittalwMli  MallaabU  Iron  Co..  Malleable  Fumacaa. 

Siier    Forgo   Company.   Heating  and  Forging  Fumacaa 
&  Sleam  Buler*. 

Scranton  Bolt  &  Nut  Co..  Heating  &  Puddling  Fumacaa. 

Spaniah- American  Iron  Co..  Ore  Roaitinf  &  Nodutiiini 
Kiln.. 
Stone  &  Webalar  Co.,  Steam  Boilera.  Union  Carbide  Company,  Lima  Kilna. 

United  Verde  Eit.  Mining  Co..  Reverberatery  Fumacaa  &  Sleam  Boiler*. 

Practically  ail  the  Cement  Pknla  in  the  Uoiteil  State*  and  CaiiadB  have 
inataiiationa  of  Fuller  Mills. 

Some  of  the  abore  plants  are  nsiu  PuheriMd  Coal  contalniiig  from  io% 
to  17%  of  ash  foi  haatinc  thoir  metunrileal  fnniacM. 

Fnllor  Hills  att  today  pahreridng  over  35,000  tona  of  eoal  per  day  for 
haatliig  TB1I011B  types  of  (untMes. 

The  satiafactotr  perbnnance  of  our  PulverBcd  Coal  Eiqidpmenl  warrants  your 
inveatigation.  We  manulacture  Coal  Crushera,  Dryera,  Fuller-Lehigh  Pulverizer 
Mills,  and  Pulveriied  Coal  Feeden.  All  this  equipmeol  ia  deacribed  in  oir 
Catalogue  No.  71  which  we  will  t>e  pleased  to  send  you. 

Wealaospecialiwin  the  maoutactise  of  lining  plates  (or  tuhe  mills,  pebble  mills, 
ball  mills,  screen  plalea,  chute  linen,  and  all  caatings  aubiect  to  abrasive  adion. 
loquinea  covering  equipment  of  (hia  kind  will  receive  our  prompt  atlention. 


FULLER-LEHIGH  COMPANY 

Main  Offices  and  Works:  Fullerton,  Pa.,  U.  S.  A. 


when  writiDc  advertiwn,) 
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Results 


The  following  renewal  results  are  taken  from  a  Dorr 
Classifier  installation  made  over  seven  years  ago  and 
still  in  active  operation. 

Classifier  in  closed  circuit  with  tube  mill  grinding 

to  -200  mesh. 

Time  operating 2}^  years 

Tonnage  new  feed 57,800  tons 

RENEWALS: 

3  pinions  on  driving  mechanism $  8.70 

2  cam  rollers 5-40 

Total  cost  renewals  not  including  labor.  114.10 
No  Breakage. 

*  2^  5**  =  $5.64  per  year  for  renewals. 
*^*^**  =  $0.00024.     Cost  of  renewals  per  ton  ore 
treated. 


Have  you  a  copy  of  out  Classifier  BuUelin  ll-Zt 

THE   DORR   COMPANY 

ENGINEERS 

NEWyORK  DENVER  LONDON,  E.C  2 

1  Park  Avenue  1009  I  Tlh  Street  tC  Sooth  Streot 
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ILLINOIS  ZINC  CO 

PERU,  ILLINOIS 

Manufacturers  of 

Selected  Brass  Spelter 

Sulphuric  Acid  and 

Zinc  Dust 

Rollers  of 

Sheets,  Plates  and  Strips  in  Coils 


ZINC 

in  special  siz&s,  squares  and  circles, 
cut  to  order.  Etchers*,  Engravers', 
Lithographers*  and  Battery  Plates. 
Paper   and   Card  Makers    Sheets. 

ILLINOIS  ZINC   COMPANY 

W.  FISHER,  Eastern  Sales  Agent 

Tel.  Cortlandt  1981  203  Broadway,  New  York 

[Please  mention  this  bulletin  when  writing  ftdvertisers.]  (39) 
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E,  J.  LAVINO  AND  COMPANY 

Bullitt  Building         -        PHILADELPHIA,  PA. 


PRODUCTS: 


Ferro-Manganese  Zirconia  Ore 

Ferro-Silicon  Chrome  Cement 

Ferro-Chrome  Magnesite  Cement 

Ferro-Tungsten  Chrome  Brick 

Ferro-Molybdenum  Magnesite  Brick 

Spiegeleisen  Fire  Brick 

Low  Carbon  Ferro-  Fire  Clay 

Manganese  Manganese  Dioxide — Lump 

Tungsten  Metal  and  Ground 

Tungstic  Acid  Fluorspar — Domestic  and 

Magnesium  Metal — Ingots  Foreign 

and  Powder  Emery  Ore 

Cupro-Magnesium  Metal .  Hydrated  Ferric  Oxide  for 

Manganese  Ore  Gas  Purification 

Chrome  Ore — Lump  and  Asbestos 

Ground  Mica 

Tungsten  Ore 


General  Sales  Atfenta  for  the  United  States  and  Europe  for  the 

ELECTRO  METALLURGICAL  SALES  CORPORATION 

Works:  Niagara  Falls.  N.  Y..  Kanawha  Falls,  W.  V..  Holcomh  Rock.  Va. 


LAVINO  FURNACE  COMPANY 

80%  FERRaMANGANESE— SPIEGELEISEN— PIG  IRON 

Works :  Marietta  Furnace,  Marietta,  Penna.,  Sheridan  Furnace,  Sheridan,  Penna.. 
Lebanon  Furnace.  Lebanon,  Penna.,      Oriskany  Furnace,  Lynchburg.  Va. 


INTERNATIONAL  ORE  CORPORATION.  LIMITED 

Toronto,  Canada,  and  Rio  de  Janeiro,  Brazil. 

(40)  [FImm  mention  this  Bvuirm  when  writinc  advertiseis.] 
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PRIMOS  CHEMICAL  CO. 

PRIMOS,  DELAWARE  COUNTY,  PEINNA. 


Specialists  in  the  manufacture  of 

Tungsten,  Vanadium  and 
Molybdenum  Products 

TUNGSTEN  METAL 

FERRQ-TUNGSTEN 

TUNGSTIC  ACm 

TUNGSTATE  OF  SODA 

CALCIUM  TUNGSTATE 

FLUORESCENT  CALCIUM  TUNGSTATE 

FLUORESCENT  CADMIUM  TUNGSTATE 
PHOSPHOTUNGSTIC  ACID 

SILICOTUNGSTIC  ACID 

MOLYBDENUM  METAL 

FERRO-MOLYBDENUM 

MOLYBDIC  ACID,  85%  and  100% 

MOLYBDATE  OF  AMMONIA 

MOLYBDATE  OF  CALCIUM 

MOLYBDATE  OF  SODA 
PHOSPHOMOLYBDIC  ACID 

AMMONIUM  PHOSPHOMOLYBDATE 

FERRO-VANADIUM 

CUPRO-VANADIUM 

VANADIUM  PENTOXIDE 

VANADATE  OF  AMMONIA 


The  above  products  are  made  from  our  own 
ores,  mined  in  the  United  States. 

[Please  mention  this  bviastim  when  writing  adTertlBen.]  (41) 


BULLETIN,  A.  1.  M.  E.— ADVERTISING  SECTION 


Cyanide 


Cyanide  of  Sodium  ^^ 

Cyanogen  contents  51/52% 


Uyanegg 

Cyanide  ot  Sodium  96/98%  in  egg 

form,  each  egg  weighing  one  ounce. 

Cyanogen  contents  51/52% 


Manufactured  in  U.  S.  A. 


Work.: 

Nairn  Falls.  N.  Y.         St.  Albuis.  W.  V>. 

Perth  Amboy,  N.  J. 


The 
Roessler  &  Hasslacher  Chemical  Co. 

100  Waliam  Street  New  York,  N.  Y. 

IPUaM  msntloD  thli  bullbtih  when  wriUnc  adwtiHra.] 
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Buyers,  Smelters  and  Refiners 


of 


ORES  and  METALS 

OF  ALL  CLASSES 


Sellers  of 


Copper,  Tin,  Spelter 
Antimony,  Lead,  etc. 


L.  VOGELSTEIN  &,  COMPANY 

INCORPORATED 

42  BROADWAY        -        NEW  YORK 

fPleaae  mention  thia  bttllbtin  when  writing  adyertiaen.]  (43) 
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The  "STICK"  to  Stick  to 


A  Word 

to  the  Young  Engineer 


YOUR  predecessor  specified  Du 
Pont  Dynamite  because  he 
knew  he  could  depend  upon 
its  satisfactory  perfoimance.  Other 
dynamites  might  accomplish  as  much, 
but  the  experienced  mining  man  real- 
ized that  Du  Pont  Explosives  would 
give  maximum  tonnage  every  time. 

Therefore,  in  your  new  responsibil- 
ities it  is  best  to  "let  well-enough 
alone" — let  Du  Pont  do  the  experi- 
menting. If  it  were  possible  to 
produce  better  explosives,  rest  as- 
sured that  Du  Pont  would  do  it. 
Select  the  proper  grade  of  Du  Pont 
explosive  for  your  work  and  then 
stick  to  it. 

A  free  copy  of  our  H^h  Explosives 
catalog  will  help  to  intelligent  selec- 
tion.   Write  to  Advertising  Division. 


The  Piindpal  Da  Pont  Products  Are : 


;  Pubrikoid.  RAyntite  Top.  Mateiul.  Puifield  Robber  Clotb. 

iimnip«nnit.   SheU  ■nd  Irory  Pr-rB.lin.   py  —  "- " — -■-■ —     ™ "- 

Pilmi,  VanUaliei.  Picmeots  asil  Colon  In , 

lor  Induitiul  and  Home  Uis*.    DtmIbAi:  Dyu,  D/g  Bus* and  Ii 

Plants,  WarehouMi  and  Sal«i  Offlcei  In  principal  bDiin«as  cutters. 
Vor  information  address,  Advertising  Division,  Du  Pont  Co.,  WHmlncton,  Del. 


IPImm  msntiaa  this  buUiBTIH  when  wiitinc  mdTertiMn.| 
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and  Dependable  Blasting  Supplies 


OF  EQUAL  importance  to  the  selec- 
tion of  the  proper  explosives,  is  the 
choice  of  apparatus  for  firing  those 
explosives. 

As  the  world's  largest  manufacturers,  the 
Du  Pont  Company  is  logically  best 
equipped  with  the  knowledge  and  facil- 
ities for  producing  efficient  blasting  acces- 


As  the  same  blasting  methods  and  appar- 
atus cannot  be  used  with  equal  satisfac- 
tion under  all  conditions,  modifications 
are  needed,  and  also  a  knowledge  of  how 
to  get  the  most  out  of  each  shot.  This 
knowledge  is  at  your  command  in  over- 
coming blasting  difficulties. 

Du  Pont  specialists  can  tell  you  how  to  do 
it,  and  Du  Pont  furnishes  the  particular 
accessory  that  can  be  absolutely  depended 
upon  to  get  the  full  benefit  of  each  charge. 

Technical  advice  and  a  copy  of  our  Blast- 
ing Supplies  Catalog  are  yours  for  the 
asking. 

Address  Advertising  Division, 


E.  I.  du  Pont  de  Nemours  &  Co. 

Powder  Makers  Since  1802 

Wilmington  Delaware 
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CLASSIFIED  LIST  OF  MINING  AND 
METALLURGICAL  EQUIPMENT 


4c«tylene  Aoftaratiia 

MMleod  Co.,  Bogen  St.,  GIneiiui*ti.  Ohio. 

ixidB  fend  Ammoiila 

H«U  Ch«mioal  Co..  Henry.  ai(Hai4  8.  4th 
St.,  St.  Louis.  Mo. 

AiOid.  Sulphmlc 

lUinoia  Zino  Co.,  Pom,  III. 

AfiUtora 

Dorr  Co.,  Denrer,  Colo. 
Traylor  Engineoring  It  Mfg.  Co.,  Aliantown, 
P». 

Air  Metort  (See  Meten,  Air) 

Amelgeowtort 

AUie-Chelmera  Mfg.  Co..  Milwaukee.  Wis. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 
Pe. 


Worthlngton  Pump  ft  Maoblnery  Corpn., 
115  Broadway,  New  York  aty. 

Aibeitoa 

Larino  and  Co..  E.  J.,  Bullitt  Bldg..  Phila- 
delphia, Pa. 

Aabeitot  Materials 

Johns-Manrille  Co.,  H.    W.,  200    Madison 
Are.,  New  York  City. 

Assay  Supplies 

HeU  Chemioal'Co..  Henry,  210-ai4  8. 4th  St.. 

St.  Louis,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway 

New  York  City. 

Axles,  Mine  Car 

FttUer-Lehigh  Co.,  FuUerton,  Pa. 

Balances  and  Weights 

Htll  Chemioal  Co..  Henry.  210-214  S.  4th  St., 

St.  Louis.  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 

Ball  and  Tube  Mill  Parts  (Komlnuter  Pnrts) 

American  Manganese  Steel  Co.,  MoCormiok 

Bldg..  Chioaso.  111. 
Chalmers  ft  Williams,  Inc..  Chioago  Heights, 

lU. 

Bearings,  Ball 

GwiUiam  Co.,  268  W.  58th  St.,  New  York 
City. 

hearings.  Roller 

Qwllliam  Co.,  258  W.  58th  St..  New  York 

aty. 

Belting,  ConTeyor 

Qoodrioh  Rubber  Co.,  B.  F.,  Akron,  O. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 

Ohio. 
Robins  CouTeying  Belt  Co.,  Park  Row  Bldg., 

New  York  City. 

Belting.  BleTator 

Goodrich  Rubber  Co.,  B.  F.,  Akron,  O. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 


lorey  J 
Ohio. 


Bslliag.  Transmission 

Goodrich  Rubber  Co..  B.  F..  Akron,  O. 

Bins,  Coal  and  Coke 

Jeffrey  Mfg.  Co..  002  N.  4th  St.,  Columbus, 
Ohio. 

Blasting  Powder  (See  Powder.  Blasting) 

Blasting  Supplies 

Atlas  Powder  Co.,  Wilmington,  Del. 
Du  Pont  de  Nemours  ft  Co.,  E.  1.,  Wilming- 
ton. Df>1 
Hercules  Powder  Co.,  Wilmington,  DeL 


Bloi 


General  Elsotrie  Co..  Scheneetady,  N.  T. 


Blowers,  Air,  Centrifugal 

De  Laval  Steam  Turbine  Co.,  Trenton,  N.  J. 

Blowing  Engines  (See  Engines,  Blowing) 

Blowpipe  Apparatus 

Heil  Chemlca]  Co.,  Henry.  210-214  8. 4th  St.. 
St.  Louis,  Mow 

Brake  Blocks 

Johns-ManvlUe  Co^  H.  W.,  206  Madisos 
Are.,  New  York  City. 

Brick,  Fire 

HarUson-Walker  Refractories  Co.,  Fmrman' 
Bank  Bldg.,  Pittaburgh,  Pa. 

Lavino  and  Co.,  B.  J..  BuIUtt  Bldg^  Phila- 
delphia, Pa. 

Buckets,  BIcTator 

American  Manganese  Steel  Co.,  MeCormiek 

Bldg..  Chicago.  111. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 

Ohio. 

Burnen,  Gas 

Maoleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Burnen,  Oil 

Madeod  Co.,  Bogen  St.,  Cinoinnati,  Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 
New  York  City. 

Cableways 

Flory  Mfg.  Co.,  8.,  Bangor,  Pa. 

Lesohen  ft  Sons  Rope  Co.,  A.,  020  N.  1st  8t^ 

St.  Louis.  Mo. 
Macomber  ft  Whyte  Rope  Co.,  Kanosha,  Wm, 
Roebling's  Sons  Co.,  John  A.,  Trenton.  N.  J. 

Cages,  Hoisting 

Chalmers  ft  Williams,  Inc.,  Chioago  Heights, 

Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  ADentown. 

Pa. 

Cages.  Self  Dumping  and  Plain 

Holmes  ft  Bros.,  Inc..  Robt.,  30  N.  HaasI  Bu. 
DanTiUe.  lU. 

Car  Lifts,  Aatonwtic 

Holmes  ft  Bros..  Inc..  Robt.,  SO  N.  Basel  9L, 

DanviUe.  111. 

Carbide  Lamps 

Maoleod  Co..  Bogen  St.,  CSndnnati,  Ohio. 

Can,  Motor 

Kalamasoo  Railway  Supply  Co.,  Kalarostoo 
Mich. 

Cars.  Ore 

Allis-Chalmen  Mfg.  Co.,  Milwaukee.  Wle. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  Alentewn. 

Pa. 

Castings,  Brass 

Holmes  ft  Bros..  Inc..  Robt.,  80  N.  HaasI  St.. 
Danville,  111. 

Castings,  Iron 

FuJler-Lehlnfa  Co.,  FnUsrton,  P^ 
Holmes  ft  Bros..  Inc.,  Robt.,  SO  N.  Basel  St., 
DanviUe,  111. 

Caustic  Soda 

Hell  Chemioal  Co.,  HMiry,  210-214  &  4th  St« 
St.  Louis.  Mo. 

Cement  Blast  Guns  (See  6tttta»  CaoBMit) 


(46) 
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JohnS'Manville  Asbestos  Roofing 

Roofing  should  bear  the  same  relation  to  the  permanence 
of  the  structure  as  the  steel  and  stone  of  its  foundation 
and  walls. 

Johns-Manville  Asbestos  Roofings  meet  this  specification,  because 
they  are  composed  of  two  or  more  sheets  of  asbestos  fabric,  plied 
together  and  thoroughly  impregnated  with  life  giWng,  natural  asphalts. 
Thus  they  resist  the  drying  out,  oxidizing  influences  of  sun  and  weather 
and  are  immune  to  fire,  adds  and  alkalies. 

There  is  a  type  of  Johns-Manville  Asbestos  Roofing  for  every  condi- 
tion, from  the  monumental  structure  to  the  small  laboratory  building 
tucked  in  among  smoke  and  acid  fumes  from  surrounding  manufactur- 
ing plants. 

■ 

Johns-Manville  Roofings  are  manufactured  under  rigorous  standards 
and  are  backed  by  Johns-Manville  Responsibility  and  Service. 

Johns-Manville  Corrugated  Asbestos  Roofing 

A  rigid  type  of  asbestos  roofing  for  application  over  rafters  or  purlins. 
Made  of  the  same  imperishable  mineral  fabric — Asbestos — and  a 
metal  reinforcing  sheet,  cemented  by  refined  natural  asphalts. 

Johns-Manville  Corrugated  Asbestos  Roofing 

represents  true  roofing  economy  on  factories, 

smelters,  mine  buildings  and  on  other  structures 

subject    to  attack    by  acid  fumes, 

moisture  and  smoke. 


Through'^ 

Asbestos 

and  its  aBied  products 

INSULATION 

1^  ktrfi  the  htM  imhert  k  Sttrngi 

CEMEKTS 

Aaim»ktbMkr  «w/Zr  Mk'pn^ 


It  never  needs  painting.  Eliminates 
the  maintenance  costs  common  to 
galvanized  iron  and  similar  roofings 
and  lasts  much  longer. 

Write  for  Catalog 


Rooroics 

tbtt  twt  Jfmm  Jut  ritki 

rAocncs 


[PleaM  mention  this  bullxtui  when  writinc  advertiMrB.] 
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Cem«nt  Machinery 

Traylor  Engineerixis  ft  Mfs.  Co.,  AllMitowR. 

Pa. 
Worthington   Pump  ft  MMhlnery  Corp'n. 


limp 
,Ne 


115  Broadway,  New  York  City. 

Cements,  Refractory 

Johne-ManviUe  Co^  H.  W..  2M  MadiKm 
Are.,  New  York  City. 

Ckalns 

Ameriean  Mancaneae  Steel  Co^  MeCormiok 

Bids..  Chieago.  III. 
Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbua, 

Ohio. 

Chemical  Apyaratoi 

Hell  Chemieal  Co..  Heuy.  210-314  8. 4th  St., 
St.  Louia,  Mo. 

ChemiMda 

Heil  Chemioal  Co..  Henry,  21(H214  8.  4th  St. 

St.  Louie,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
RoeeeUr  ft  Haealaoheir   Chemieal  Co.,    100 

William  St.,  New  York  aty. 

Chrome  Brick 

HarbieoD- Walker  Refraotoriea  Co.,  Farmers* 
Bank  Bldg..  Pittaburgh,  Pa. 

Larino  and  Co.,  £.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Chrome  Cement 

Larino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Chrome  Ore  (Lump  and  Oronnd) 

Larino  and  Co.,  E.  J.,  BulUtt  Bldg.,  Phila- 
delphia, Pa. 

Chute  Plates  ft  Launder  Liners 

American  Manganese  Steel  Co.,  MoCormick 
Bldg.,  Chicago,  111. 

Chutes 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 
Ohio. 

Classifiers 

AUie-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 
Chalmers  ft  Williams,  Inc.,  Chicago  Heights, 

Colorado  Iron  Works  Co.,  Denyer,  Colo 
Deister  Concentrator  Co.,  Fort  Wayne,  Ind. 
Dorr  Co.,  Denrer,  Colo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 
Worthington   Pump   ft'   Machinery  Corp'n., 

116  Broadway,  New  York  City. 

Coal  and  Ash  Handling  Machinery 

Jeffrey  Mfg.  Co..  002  N.  4th  St.,  Columbus. 
Ohio. 

Coal  **^inift  Machines 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 

Oldo. 
Sullivan  Machinery  Co..  122  So.  Michigan 

Ats.,  Chicago,  ID. 

Coal  Mining  Plants 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 
OUo. 

Coal  Storage  and  Rehandling  Machinery 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 
Ohio. 

Coatinss,  Roof 

Johns-Manville  Co.,  H.  W.,  200  Madison 
Ave.,  New  York  City. 

Collectors,  Dust 

Madeod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 

Compass,  Maas  Patent  Drill  Hole 

Derby,  Jr.,  E.  L.,  Agent,  Ishpeming,  Mich. 


Compressors,  Air 

AiHs-Chalmns  Mfg.  Co..  MUwankM,  Wb. 
Denver  Hydro  Co.,  3100  Stuart  St..  Denver, 

Colo. 
Oeneral  El^etiio  Co.,  Schenectady.  N.  Y. 
Nordberg  Mfg.  Co.,  Milwaukee,  Wia. 
Sullivan  Maobinenr  Co.,  122  So.  Mlehigaa 

Ave..  Chieago,  lU. 
Worthington  rump  ft  Maohinery  Cesp'a^ 

115  Broadway,  New  York  City. 

Compressors,  Air.  Centrifogal 

De  LavsJ  Steam  Turbine  Co..  Ttenton,  N.  J. 
Concentrators 

Colorado  Iron  Works  Co.,  Denver,  Colo. 

Deister  Coneentrator  Co.,  Fort  Wayne,  lad. 

Mine  and  Smelter  Supply  Co..  42  Broadway, 
New  York  City. 

Traylor  Engineering  ft  Mfc.  Co..  Allentown, 
Pa. 

Worthington  Pump  ft  Maehinery   Corp'n^ 

116  Broadway,  New  York  dty. 

Condensers,  Surface 

Weetinghouse  Eleetrlo  ft  Mfg.  Co.,  Best 
Pittoburgh.  Pa. 

Contractors,  Diamond  Drilling 


Co.,  122  So.  MiehigBB 


Lonayear  Co..  E.  J.,  710  Seeurity  Bldg.. 

MinneapoUs,  Minn 
Sullivan  Maemnm 

Ave.,  Qdeago,  lU. 

Converters.  Copper 

AlUs-Chalmers  Mfg.  Co.,  Milwaukee, 
Traylor  Engineering  ft  Mfg.  Co.,  Allentown, 

Pa. 
Worthington  Pump  ft  Maehinery  Corp'n.. 

116  Broadway,  New  York  City. 

Converters,  Blectric,  Rotary 

General  Blectric  Co.,  Sehencetady,  N.  Y. 
Weetinghouse   Electric   ft   Mfg.   Co..   Baal 
PitUburgh,  Pa. 

Conveyors,  Belt 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbua, 

Ohio. 
Mine  and  Smelter  Supply  Co..  42  Broadway, 

New  York  City. 
Robins  Conveying  Belt  Co..  Park  Row  Bldg^ 

New  York  aty. 

Conveyors,  Cable  Flight 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  ColnmU^ 
Ohio. 

Conveyors,  Chain  Flight 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Colnmbss. 
Ohio. 

Conveyors,  Pan  or  Apron 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Colnmbos. 
Ohio. 

Conveyora,  Screw 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Colamboa, 
Ohio. 

Core  Drilling 


fnneapoUs.  Minn. 
SulHvan  Maehinery  Co.,  122  So.  MiefalgsB 


Loncrear   Co.,   E.   J..   710  Seoiirlty   Bldg., 
Mini 

nery 
Ave..  Chicago,  lu. 

Coverings,  Pipe  and  Boiler 

Johns-ManviUe  Co.,  H.  W.,   206    Madisea 
Ave.,  New  York  City. 

Cmcibles 

Heil  Chemieal  Co.,  Henry,  210-214  a  4th  St^ 

St.  Louis,  Mo. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 

Crushers,  Coal  and  Coke 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Colnmboai 

Ohio. 
Robins  Conveying  Belt  Qo.,  Park  Row  BUg., 


eying. 
New  York  City. 
?un 
116  Broadway,  New  York  City. 


Worthington   Pump   ft  Maohinery  Corp*n« 
"       r,  Ne' 
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Robins   Conveying   Machinery 

Belt  Conveyors,  Bucket  Elevatws,  Ore-Bedding  Systems, 
Stocking  and  Reclaiming  Towers  and  Bridges,  Feeders, 
Screens,  Coal  and  Coke  Crushers,  Conveyor  Auxiliaries 


Robint  Conveving  Machinery  used  for  stacking  lailjn^s.     Belt  Conveyors 
-'--■■   '-■-'-'-     -rful  for  this  work  because  of  their  Sexibil'~'  '-"*■ ■" 

n  be  driven  at  any  point  in  their  length. 


Ore  Bedding  System  at  Arizona  Cornier  Co.  Smelter.  The  charge  ii 
thoroughly  mixed  by  the  reclaiming  machine  before  being  delivered  to  ihi 
fumacea. 

WriU  /or  «r  ftanJiook  o/  Conveyor  Praclict. 


Robins  Conveying  Belt  Company 

Park  Row  Building  New 

Chiaco.  Old  Colony  Buildini.  Sdi  Uk>  Ciiy.  NiwhiwH  BuildiDl. 

Su  Fruidioo.  The  GriSo  Co.,  Birminsbair,  Ala..  C.  B.  Divia  E 

Torwlo.  Out.,  GutU  Pcrclu  ud  Rubbir,  Lid. 
LohIim.  E.  C,  FnKT  &  Oulmen.  Ltd..  Moorf.!.  Hdl.  Finibury  P.VHHml. 

[Piaum  nMntioB  Uili  saLLBTUt  wlwn  writlni'advntiwta.) 
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Crushen,  Diic 

Chalmen  A  WillUms.  Ino.,  1465  Ainold  St., 
Chioftgo  Heights,  111. 

Crufhert.  Jaw 

Chalmen  A  WOliaina.  Inc.,  1405  Anold  St.. 
Chicago  Heights,  111. 

Cruaherp,  Ore 

AlUa-Chalmeta  Mfg.  Co.,  Milwaukee,  Wia. 
Buohanan  Co.,  C.  Q.,  00  West  St.,  New  York 

City. 
Chalmen  A  Wllliama,  Ine.,  1455  Arnold  St., 

Chicago  Heists.  111. 
Colorado  Iron  works  Co.,  Denrer,  Colo. 
'  Fuller-Lehigh  Co.,  Fullerton,  Pa. 
HeU  Chemical  Co..  Henry,  210>»14  B.  4th  St. 

St.  Louis.  Mo. 
Mine  and  Smelter  Supply  Co..  42  Broadway, 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  AHentown, 

Pa. 
Worthington  Pump  A   Maehinery  Corp'n.. 

116  Boradway.  New  York  City. 

Crushing  and  Grinding  Machinery 

Chalmen  A  Williams.  Inc.,  1465  Arnold  St , 
Chicago  HeighU.  111. 

Crushing  Roll  Parts 

Ameriean  Manganese  Steel  Co..  MeCormlek 

Bldg..  Chioacco  111. 
Chalmen  A  Williams.  Inc.,  Chicago  Heights, 

Crushing  RoOs  CRee  Rolls.  Crushing) 

Chidmen  A  Williams,  Inc.,  Chicago  Heights, 

111. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus. 
Ohio. 

Cnpro-Magnesinm  Metal 

LaTino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Cnpro-Vanadium 

Primos  Chemical  Co.,  Primes.  Pa. 
Cyanide 

Roesslsr  A  Hasslaeher   Chemical   Co.,    100 
William  St..  New  York  City. 

Cyaniding  B^ulpment 

Allis-Chftlm^ni  Mfg   Co.,  Milwaukee.  Win 
Chalmen  A  Williams,  Inc.,  Chicago  Heights, 

Colorado  Iron  Works  Co.,  DeuTer,  Colo. 

Dorr  Co.,  DeuTer,  Colo. 

Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  AHentown. 

Pa. 
Worthington  Pump  A  Maehinery  Corp'n., 

116  Broadway.  New  York  City. 

Dead  Burned  Magneslte 

Harbison^ Walker  Refractories  Co.,  Farmen* 
Bank  Bldg.,  PltUburgh,  Pa. 

De  water  ers 

Colorado  Iron  Works  Co.,  DenTsr,  Colo. 
Dorr  Com^  Denrer,  Colo. 
Traylor  Engineering  A  Mfg.  Co.,  AHentown. 
Pa. 

Diamond  Drilling 

Longyear  Co.,  R.  J..  710  Security   Bldg., 
Minneapolis.  Minn. 


Dradjring  Machinery 

Flory  Mfg.  Co.,  S.,  Bangor,  Pa. 

Drill  Hole  Compass  (See  Compass,  Drill  Hole) 

Drills,  Core 

Longyear  Co.,  R.  J..  710  Security  Bldg., 
imeapoUs,  Mii 

SttlllTan  Maehinery  Co..  122  So.  Michigan 


>njarei 
MinneapoUs,  Minn 

tt  M 

.Chi 

Drills,  Diamond 


Ats.,  Chicago, 


lery 
,  Ifi. 


Longyear  Co.,  B.   J..  710  Security   Bldg., 

ape" 
SulUran  Maehlni 


>n|ryi 

Minneapolis,  Minn 

ilUran  Maehinerr  Co.,  122  So.  Michigan 

Are.,  Chieago,  111. 

(  ^ 0)  [Please  mention  this  bullstin  when  writing  adrertisers.] 


Drma.  BiMtfIa 

DenTSr  Roek  Drill  Mfg.  Co.,  DenTsr.  Colo. 
General  KleetHe  Co.,  fleheneetady,  N.  Y. 
Jeffr«r  Mfg.  Co.,  908  N.  4th  St..  Colombna, 

Kalamasoo  Railway  Supply  Co.,  Kalamasoo, 
Mioh. 

DriOa.  HaaMSf 

DeuTsr  Roek  Drill  Mfg.  Co.,  DenTsr.  Colo. 
SulllTan  Maehinerr  Co.,  123  So.  Mtohigan 
Ave.,  Chisago.  ID. 

Drills,  Protfoctlat 

Sulttvan  Maehinerr  Co.,  123  So.  Mtohigan 
Are..  Chieago,  ID. 

Drills.  Rock 

DenTor  Roek  DriO  Mfg.  Co..  Dobtv.  Colo. 
Kalamasoo  Railway  Supply  Co.,  Kalamasoo, 

Mioh. 
BttlHTon  MaehinoT  Co.,  122  So.  MlohlgaB 

Ave.,  Chieago,  lU. 

DrillB,  Track 

AiJamaaoo  Railway  Supply  Co.,  Kalamasoo, 
Mich. 

Dryers,  Coal 

Rugglea-Coles  Engineering  Co..  50  Choroh 

sT,  New  York  O^. 
Dryora,  Ore 

Ruggles  Coles  Engineering  Co.,  50  Church 

8t!^  Now  York  City. 
Traylor  Bnglneefing  A  Mfg.  Co.,  Alloatowa, 

Pa. 
Wedge  Meohanioal  Fumaee  Co.,  Qfoonwiab 

Point.  Philadelphia.  Pa. 

Dryers.  Rotaij 

FuUer-Lenlgh  Co.,  FuDerton,  Pa. 
Ruggleo-CoTea  Engfaieeting  Co..  50  Cbnroii 
St.  Now  York  (Sty. 

Dryers,  Sand  and  OruTel 

Maeleod  Co.,  Bogen  St..  Gbidnnatl,  Ohio. 
Rugglea-Coles  fiupneerinc  Co.,  50  Orarsh 
ST.  Now  York  OSty. 

DuBpc,  Rotary 

Wood  Equipment  Co.,  MeCormlek  Bldg., 
Chicago,  m. 

Dynamite 

Atlas  Powder  Co.,  Wilmington,  Del. 

Dn  Pont  de  Nemoun  A  Co.,  B.  1.,  wnaslng- 

ton.Del. 
Horoules  Powder  Co.,  Wilmington,  Del. 

Dynamos  (See  Oenorators,  Bloctrte) 

Blectrical  Machinery 

General  Eleetrio  Co.,  Seheneetady.  N.  Y. 
Westinghouse   Bleetrie  A   Mfg.    Co.,   East 
Plttoburgh,  Pa. 

BloTators,  Bucket 

Buohanan  Co.,  C.  Q.,  00  West  St.,  Now  York 

City. 
Jeffrey  Mfg.  Co..  002  N.  4th  St.,  Colttsabns, 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
'Robins  Conreying  Belt  Co.,  Park  Row  Bldg.. 

New  York  aty. 
Traylor  Engineering  A  Mfg.  Co..  AHentown, 

Pa. 
Worthington  Pump  A  Maehiaerj  Corp'n., 
*  115  Broadway,  New  YorkCit]^. 
Bmeicy  Ore 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  WOm- 

delphia.  Pa. 

Bnd  Loaders  (See  Loaders.  Bad) 

Engines,  Blowinf 

Nordberg  Mfg.  Co.,  Milwaukoa,  Wis. 

Engines,  Corliss 

Nordberg  Mfg.  Co.,  Milwaukee,  Wm, 

Engines,  Diesel 

Nordberg  Mfg.  Co.,  Milwaukoa,  Wis. 

Engines,  Oat  and  Oasollao 

AlBs-Chalmsrs  Mfg.  Co.,  MUwaukosb 


1. . 
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Switchboard  panels  that  make  power  interrup- 
tions few  and  short  contribute  to  maximum 


interruptions  in  minutes,  only 

Since  many  opersUoiu  moat  be  eoatln-  The  movable  truck  carries  all  tlie  liutru- 

ifoua,  reduced  production  la  not  ttie  only  ments,  swttcb!n£  and  protective  devices, 

rcaolt  of  Intcrroptlons.    Waste  of  ma-  By  mounting  tlits  equipment  on  a  truck 

tcrf«I>  extra  latiar  and  interruption  of  tlie  which  can  be  withdrawn  only  when  all 

stream  of  material  to  other  processes  tl)is  apparatus  Is  dead,  electrically,  in- 

Instantly  start  cumulative  losses.  spection  Is  easy. 

G-E  Truck  Type  Switchboard  Units  re-  In  addition,  the  complete  enclosure  of 
duce  the  [probablltty  of  htterruptloas  to  sQ  live  current -carrying!  parts  whhln  the 
the  minimum.  If  an  interruption  does  steel  co>npartmenl>ii&ords  pcrsooAl  pro- 
occur  substitution  of  a  spare  truck  of  tcction  and  reduces  fire  risk, 
proper  c«»*city  makes  It  possible  to  main-  Consult  the  G-E  Switchboard  SpecUIUt 
tainseivice  which.  In  most  cases,  can  be  in  your  vicinity.  Trite  our  nearest 
regarded  as  practically  continuous.  office. 

G-£%ick:^  SwitdiboBnl  Dnils 


Generall^pElectric 


►any 

mtntlon  this  BCLLmH  whan  writias  advartiMn.) 
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Biifinaf.  HahIam 

Holmei  A  Bros.,  Ino..  Robt.,  80  N.  HaMi  Bt., 
DanTill*.  111. 

Bagliiei,  Helttiii| 

Flory  Mfg.  Co.,  B.,  Bangor,  Pa. 

HoIbm  4  Bros.,  Ino.,  Robt.,  SO  N.  Haaal  St.. 

DanyUle.  lU. 
Nordb«rt  Biff.  Co.,  MUwaukco,  Wit. 
Vuloaa  Iron  Works,  1744  Main  St.,  Wttkw- 

Barra,  Pa. 

Bnflnta,Oil 

AUIa-Chabnan  Mfg.  Co..  Milwaukaa,  Wit. 
Worthington  Pump  4  Maehlnary  Corp'n.. 
115  Broadway.  New  York  City. 

Bnglnet,  Poppet  ValTO 

Nordborg  Mfg.  Co..  Milwaukee.  Wis. 

Baglaei,  Pumping 

Nordberg  Mig,  Co.,  Milwaukee,  Wis. 

Bnginet,  Steam 

AUis-Chalmets  Mfg.  Co..  Milwaukee.  Wis. 

Bnginei,  Uniflow 

Nordberg  Mfg.  Co.,  Milwaukee.  Wis. 

Bxplosives 

Atlas  Powder  Co.,  Wilmington,  Del. 
Du  Pont  de  Nemours  &  Co..  B.  1..  Wilming- 
ton, Df*l. 
Heroulei  Powder  Co.,  Wilmington,  Del. 

Pans,  Ventilating 

Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 

Oliio. 
Vulcan  Iron  Works,  1744  Main  St.,  WUkee- 

Barre,  Pa. 

Feeders,  Ore 

Buehanan  Co.,  C.  Q.,  00  West  St.,  New  York 

City. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St.,  Columbus, 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Robins  ConTsying  Belt  Co.,  Park  Row  Bldg.. 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  Allentown, 

Pa. 

Perro-Chrome 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Perro-Manganese 

LsTino  and  Co.,  B.  J.,  BuUitt  Bldg.,  Phila- 
delphia, Pa. 

Ferro-Moljbdenam 

Layino  and  Co.,  B.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 
PrimosQiemical  Co.,  Primoe,  Pa. 

Ferro-SiUcon 

Larino  and  Co.,  B.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Ferro-Tungsten 

LaTino  and  Co.,  B.  J.,  Bullitt  Bldg..  Phila- 
delphia. Pa. 
Primoe  Chemical  Co.,  Primoe,  Pa. 

Ferro-Vanadlum 

Primos  Chemical  Co.,  Primos,  Pa. 

Filtering  Paper 

HeO  Chemieal  Co.,  Henry.  310-214  S.  4th  St., 
St.  Louis,  Mo. 

FUten 

ci-i»«*wmu«..i»...chi«r.H-.h.,. 

Colorado  Iron  Works  Co..  Denrer.  Colo. 
The  Merrill  Co.,  121  Second  St.,  San  Fran- 

dsoo,  Cal. 
lyaylot  Engineering  it  Mfg.  Co.,  Allentown, 

Pa. 

Fife  Clay 

Harbison- Walker  Refractories  Co.,  Farmers' 
Bank  Bldg.,  PltUburgh.  Pa. 

Layino  and  Co..  E.  J.,  BuUitt  Bldg.,  Phila- 
delphia. Pa. 


Flotation,  OH 

Colorado  Iron  Works  Co.,  DenTcr.  Colo. 
Fine  Welding  Machines 

Maeleod  Co.,  Bogen  St..  Ctncinnatl,  Ohio. 
Flnoreeeent  Caklnm  Tnngstate 

Primoe  Chemical  Co.,  Primoa.  Pa. 
Flnortpar  (Domestic  and  Foreign) 

Layino  and  Co..  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia. Pa. 
Forges,  Oa  and  Rlyet 

Maeleod  Co..  Bogen  St.,  dndnnati.  Ohio. 
Forgfaiga,  Heavy 

Holmea  A  Bros..  Inc.,  Robt..  00  N.  Haael  St.. 
Danrille.  lU. 
Fuller  MUl  Ptftt 

Amerieatf  Manganese  Steel  Co.,  MeCormlsk 
Bldg.,  Chicago,  IlL 
Fnmacea,  Assay 

HflU  Chemical  Co.,  Henry,  210-214  S.4th.  St., 
St.  Louis,  Mo. 

Maeleod  Co.,  Bogen  St.,  Cineinnati.  Ohio. 

Mine  and  Smelter  Supply  Co..  42  Broadway. 
New  York  City. 
Furaaees,  Electric 

General  Electric  Co^  Seheneetady,  N.  T. 

Hell  Chemical  Co.,  Henry,  210-214  8. 4th  St.. 
St.  Louis.  Mo. 
Furnaces.  Floe  Welding 

Maeleod  Co.,  Bogen  St.,  Cincinnati.  Ohio. 
Fnmaces.  Gas 

Maeleod  Co.,  Bogen  St..  dndnnati.  Ohio. 
Furnaces,  Lead 

Madeod  Co..  Bogen  St..  Cincinnati.  Ohio. 
Furnaces,  Mechanical  Roasting 

AUis-Chalmeis  Mfg.  Co..  Milwaukee.  Wis. 

Traylor  Engineering  A  Mfg.  Co..  AIlcBtown. 
Pa. 

Wedge  Mechanical  Furnace  Co.,  Greenwiefa 
Point.  Philadelphia.  Pa. 

Worthington  Pump  A  Machinery  Corp'n., 
116  Broadwny,  New  York  City. 
FurnaceSa  Mnflle 

Maeleod  Co.,  Bogen  St.,  Cincinnati,  Ohio. 
Furnaces,  Oil 

Maeleod  Co..  Bogen  St.,  Cincinnati.  Ohio. 

Mine  and  Smelter  Supply  Co.,  42  Broadway. 
New  York  City. 
Furnaces.  Reyerberatory 

Maeleod  Co.,  Bogen  St.,  Cincinnati.  Ohio. 
Fnmaces,  Smelting 

C<^orado  Iron  Works  Co.,  Denrer,  Colo. 

Traylor  Engineering  A  Mfg.  Co..  AllentowB, 
Pa. 
Furnaces.  Tire  Heating 

Maeleod  Co.,  Bogen  St..  CSneinnati.  OUo. 


Jeffrey  Mfg.  Co..  002  N.  4th  St..  Colnmbva. 


Gears 

iffrey 
Ohio. 
Gears.  Speed  Reduction 

De  Laval  Steam  Turbine  Co..  Trenton.  N.  J. 

Generators,  Acetylene  Welding  and  CntUag 

Maeleod  Co..  Bogen  St..  Cineinnati,  Onio^ 
Generators.  Electric 

AUis-Chalmers  Mfg.  Co..  Milwaukee.  Wis. 

Qsneral  Electric  Co..  Seheneotady.  N.  T. 

Westinghouse  Electric  A   Mfg.   Co..   Eaat 
Pittsburgh.  Pa. 

Grinders.  Sample 

Chalmers  A  Williams,  Inc.,  (3ileago  Heights. 

Mine  and  Smelter  Supply  Co.,  42  Broadwny. 

New  York  City. 
Traylor  Engineering  A  Mfg.  Co.,  ABeniowa, 

Pa. 

GriHly  A  Riffle  Bars  (For  Hydraulic  Miaos) 

American  Manganese  Steel  Co.,  MeTnriniiA: 
Bldg.,  Chicago.  111. 

Gnns,  Cement 

Maeleod  Co.,  Bogen  St.,  Cindaaati,  Oido. 
Gnns,  Concrete 

Maeleod  Co.,  Bogen  St..  Cincinnati,  OUol 


(62) 


(PImm  muition  thii  bvlutin  when  writiiig  MlTWtiMn.| 


BULLETIN    A.  I.  M.  E.— ADVERTISINO  SECTION 


BULLETIN,  A,  I.  M.  E.— ADVERTISING  SECTION 

CLASSIFIED  LIST  OF  MINING  AND  METAUURGICAL  EQUIPMENT 


Gyratory  Cruilier  Putf 

Ameriean  Mangan«M  8t6«l  Co.,  MeCormlok 

Bldg.,  ChioiuKO,  ni. 
Chalmen  A  WulUmi,  Ino.,  Chicago  H«isht>, 

m« 

Hangeri  •  If  ino 

Jolms-ManTilla   Co^  H.  W.,  306  Madkon 
Ay*..  New  York  CHy. 

Hitehlnct  If  lae  Car 

Maoombor  A  WhyU'Ropa  Co..  Ksnotha,  Wb 

Hoiftittg  Bnglnas  (See  Bngiiief ,  Hoiatuic) 

HoiiU.  Blectric 

AlUs-Chalmnrt  Mfg.  Co.,  Milwaukee.  Wb. 
Flory  Mfg.  Co.,  8.,  Bangor,  Pa.    - 
General  JSleetrio  Co..  Sebenectady,  N.  Y. 
Jeffrey  Mfg.  Co..  902  N.  4th  St.,  Columbus. 

Ohio. 
Vulean  Iron  Works.  1744  Main  St.,  WUkee- 
Barre,  Pa. 

HoUU,  Skip 

Jeffrey  Mfg.  Co..  903  N.  4th  St..  Coiumbua 

Ohio. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 
Tray  lor  Engineering  A  Mfg.  Co.,  Allentowo. 

Pa. 
.  Worthlngton   Pump   A  Machinery  Corp'n.. 
lis  Broadway,  New  York  City. 

HoleU,  Steam 

Allb-Chalmere  Mfg.  Co..  Milwaukee.  Wis. 

Flory  Mfg.  Co.,  8.,  Bangor,  Pa. 

Holmes  4  Bros..  Inc..  Robt.,  30  N.  Basel  St., 

DanTille,  III. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  City. 


Sullivan  Machinery  Co.,  133  So.  Michigan 

icago.  lU. 
Vulcan  Iron  Works,  1744  Main  St.,  Wilkes- 


Ave.,  Chic 
ulcan  Iron 
Barre,  Pa. 


Hoppers,  Weigh  _ 

Holmes  4  Bros.,  Inc.,  Robt.,  30  N.  Basel  St., 
DanviUe,  lU. 

Hose,  Air 

Denver  Rook  Drill  Mfg.  Co.,  Denrer.  Colo. 
Goodrich  Rubber  Co..  B.  F.,  Akron.  O. 

Hydrated  Ferric  Oxide JFor  Gas  Parlllcatioa) 
Lavino  and  Co.,  S.  J.,  Bullitt  Bldg..  Phila- 
delphia, Pa. 

Hydraulic  Mining  Machinery 

Allis-Chalmers  Mfg.  Co.,  Milwaukee.  Wis. 

Insulators,  Third  Rail 

Johns-ManviUe   Co.,    H.  W.,  390  Madison 
Ave..  New  York  City. 

Jackets,  Water 

Traylor  Engineering  4  Mfg.  Co.,  AUentown, 
Pa. 
Jaw  Crusher  Parts 

American  Manganese  Steel  Co.,  MoCormick 

Bldg.,  Chicago,  111. 
Chalmers  A  Williams,  Inc.,  Chicago  Heights, 
lU. 

Jigs  

AlUs-ChalmerB  Mfg.  Co.,  Milwaukee,  Wis. 
Colorado  Iron  Works  Co.,  Denver,  Colo. 
ChiJmers  A  Williams,  Inc.,  Chicago  Heights, 

111. 
Mine  and  Smelter  Supply  Co.,  42  Broadway, 

New  York  City. 
Traylor  Engineering  4  Mfg.  Co.,  AUentown. 

Pa. 
Worthlngton  Pump  ft  Machinery  Corp'n.. 

1 16  Broadway,  New  York  City. 

Laboratory  Supplies 

Hell  Chemical  Co..  Henry,  210-214  8.  4th  St.. 


Lamps^  Acetylene 


LamM.  Blectric 

General  Electric  Co.,  Seheneetady.  N.  Y. 
Westlnghouse   Eleetrie  ft   Mfg.   Co., 
PIttoburih,  Pa.  • 

Lead  Aeatate 

Hefl  Ghemleal  Co..  Henry.  210-214  8. 4tb  8t^ 
St.  Louis,  Mo. 

Llaiofs,  Ball  and  Tube 

Chalmecs  ft  WIlHams,  Inc.,  Chicago  Hdghta. 

Traylor  Engineering  ft  Mfg.  Co.,  AUentown, 

Pa. 

Linings,  Brake 

Johna-ManvUle   Co^  H.  W.,  S96  MadSsea 
Ave..  New  York  City. 

Litharge 

HeU  Chemical  Co..  Henry.  210-214  &  4th  St, 
St.  Louis,  Mo. 

Loaders.  Bud 

Holmes  ft  Bros.,  Inc..  Robt.,  SO  N.  Basel  St.. 
DanviUe,  lU. 

Loading  Booms 

Jeffrey  Mfg.  Co..  903  N.  4th  St.,  Colnmbas, 
Ohio. 

Locomotives,  Compressed  Air 

General  Eleotrlc  Co.,  Seheneetady,  N.  Y. 
Vulcan  Iron  Works,  1744  Main  St.,  Wilkes- 
Barre,  Pa. 

Locomotives,  Blectric  Trolley 

Goneral  Electric  Co..  Seheneetady,  N.  Y. 
Jeffrey  Mfg.  Co.,  902  N.  4th  St..  Cohambns, 

Ohio. 
Westlnghouse   Eleetrie   ft    Mfg.   Co..   Best 

PItUburgh,  Pa. 

Locomotives.  Gasoline 

Vulcan  Iron  Works.  1744  Main  St..  ^Vllkss- 
Barre,  Pa. 

Locomotives,  Steam 

Vulcan  Iron  Works,  1744  Main  St..  Wllk«- 
Barre,  Pa. 

Locomotives,  Storage  Battery 

General  Eleetiic  Co.,  Schenectady,  N.  Y. 
Jeffrey  Mfg.  Co.,  902  N.  4th  St.,  Columbos, 
iio 


Co.,   East 


St.  Louis,  Mo 

,  Acetylene 

adeod  Co.,  Bogen  St.,  Cincinnati,  Ohio, 
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Ohio. 
Westlnghouse   Electric   ft   Mfg. 
Pittsburgh.  Pa. 

Low  Carbon  Ferro-Maaganese 

Lavino  and  Co..  E.  J..  BuUitt  Bldg.,  Phfls- 
delphia,  Pa. 

Magnesia  Brick 
*     Harbbon- Walker  Refractories  Co.,  Farmem' 
Bank  Bldg.,  PItUburgh,  Pa. 
Lavino  and  Co.,  B.  J.,  BuUitt  Bldg.^  Phila- 
delphia, Pa. 

Magnesite  Cement 

Lavino  and  Co..  E.  J.,  BuUitt  Bldg..  Phila- 
delphia. Pa. 

Magnesium  Metal  (Ingots  and  Powder.) 

Lavino  and  Co.,  E.  J.,  BuUitt  mdg..  Phila- 
delphia. Pa. 

Magnetic  Pulleys  (See  PnUeya,  Magvatic) 

Manganese  Dioxide  (Lump  and  Grouad) 

Lavino  and  Co.,  E.  J..  BuUitt  Bldg.,  Phib- 
delphia.  Pa. 

Mancaneae  Ore 

Lavino  and  Co.,  B.  J.,  BuUitt  Bldg.,  FUb 
delphia.  Pa. 

Meters,  Air 

Denver  Hydro  C:^>.,  3100  Stuart  St^  Denver. 
Colo. 

Meters,  Blectric 

General  Electric  Co.,  Seheneetady.  N.  Y. 
Westinghouse   Eleetrie   ft    Mfg.    Co..   East 
PIttaburgh,  Pa. 

Mica 

Lavino  and  Co.,  E.  J.,  BuUitt  Bldg.«  Phila- 
delphia, Pa. 
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BALL  AND  ROLLER  BEARINGS 


All  Types  in  Stock  or  to  Order 


BULLBTIH  irpon  KBQUBSI 


BOWDEN    WIRE  MECHANISM 


THE  GWILLIAM  COMPANY 

ENGINEERS 
253  W.  58th  Street,    (Ai  Bt<,.dw.y)    NEW  YORK 

Branch:  I3H  Arch  St..  Philadelphia. 
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Pvmoft.  Power 

Eppizic-Carpentar  Pump  Co.,  Pittsburgh,  Pa. 

Worthington   Pump   A    Maohlnery  Cotp'Dh 
116  Broadway.  Naw  York  City. 

Pumpt.  Sand 

Mine  and  Smaltar  Supply  Co.,  43  Broadway, 

New  York  City. 
Trayior  Engineennc  4  Mfg.  Co.,  AUentown, 
Pa. 

Pttmpa,  Sinking 

Worthington  Pump'  A  Machinery  Corp*n.. 

115  Broadway.  New  York  City. 

PvmM.  Stuff 

Worthington  Pump  dt  Machinery  Corp*n.. 

116  Broadway.  New  York  Qty. 


Pampa,  Track 

Worthington  l^mp 
116  Broadway.  New  York  aty. 


''orthington  Pump  &  Machinery  Corp*n., 


Pumping  Engines  (See  Enginei.  Pumping) 

Pyrometers 

HeU  Chemical  Co.,  Henry,  210-214  S.  i*h  St.. 
St.  Louis.  Mo. 

Quarrying  Machinery 

SuUlTan  Maohinerr  Co..  133  So.  Michigan 
Atc.,  Chicago,  in. 

Refractories 

Harbison- Walker  Refractories  Co.,  Farmers* 
Bank  BIdg.,  Pittsburgh.  Pa. 

Respirators 

Ooodrioh  Rubber  Co.,  B.  F..  Akron.  O. 
Heil  Chemical  Co..  Henry.  210-214  8.  4th  St. 
St.  Louis,  Mo. 
RcTolTlng  Screen  Parts 

American  Manganese  Steel  Co.,  MeCormiok 

Bldg.,  Chlcaco.  III. 
Chalmers  A  Williams,  Inc.,  Chicago  Heights, 
lU. 

Rock  Drill  Steel  (See  Steel,  Drill) 

Rods,  DriU 

International  High  Speed  Steel  Co.,  00  Nas- 
sau St.,  NewYork.  N.  Y. 

RbUer  Mill  Parts 

American  Manganese  Steel  Co.,  MeCormiok 
Bldg.,  Chicago,  111. 

Rolls.  Crushing 

Buchanan  Co..  C.  Q.,  00  West  St.,  New  York 

City 
Chalmers  A  Williams,  Inc.,  1465  Arnold  St.. 

Chicago  Heights,  111. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbus, 

Ohio. 
Trayior  Engineering  A  Mfg.  Co..  AUentown. 

Pa. 
Worthington  Pump  A  Machinery  Corp'n., 

115  Broadway,  New  York  CTity. 

Rooflngs,  Asbestos  and  Rubber -type 

Johns- Manville    Co^    H.  W..  206  Madison 
Ave.,  New  York  City. 

Rope.  Wire 

Leeohen  A  Sons  Rope  Co..  A.,  020  N.  1st  St., 

St.  Louis,  Mo. 
Macomber  A  WhyU  Rope  Co..  Kenosha.  Wis. 
Roebling'p  Sons  Co..  John  A..  Trenton.  N.  J. 

Rope  Fastenings,  Wire 

Macomber  A  Whyte  Rope  Co.,  Kenosha.  Wis. 
Roebling's  Sons  Co..  John  A..  Trenton.  N.  J. 

Rubber  Ooods,  Mechanical 

Goodrich  Rubber  Co..  B.  F..  Akron.  O. 

Samplers,  Ore 

Chalmers  A  Williams,  Inc.,  Chicago  Heights, 

lU. 
Mine  and  Smelter  Supply  Co.,  42  Broadway. 

New  York  C»ty. 
Trayior  Engineering  A  Mfg.  Co..  AUentown, 

Pa 


Scoriffers 

Heil  Chemical  Co..  Henry.  210-314  8.  4tb 
St.,  St.  Louis.  Mo. 


'sens.  Bar 
Hofaes  A  Bros..  Inc..  Robt. 
Danrille.  lU. 


SON.HaaelBt. 


Screens,  Perforated  Metal 

Chalmers  ft  Williams.  Inc..  Chicago  Hei^itB. 

m. 

Jeffre/  Mfg.  Co.,  002  N.  4th  St..  Columbus. 
Ohio. 

Screens.  RsTolring 

Buchanan  Co..  C.  Q.,  00  Weet  St..  New  York 

City. 
Chalmers  ft  Williams.  Inc..  1465  Arnold  St., 

Chicago  Heights,  111. 
Colorado  Iron  Works  Co..  DenTcr.  Colo. 
Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbus, 

Ohio. 
Mine  and  Smelter  Supply  Co..  43  Broadway. 

New  York  City. 
Robins  CoDTeying  Belt  Co..  Park  Row  Bldg.. 

New  York  City. 
Trayior  Engineering  ft  Mfg.  Co..  AllsBtowB, 

Pa. 
Worthington  Pump  ft  Machinery  Corp*a« 

115  Broadway.  New  York  City. 

Screens.  Shaking 

Chalmers  ft  Williams.  Inc..  1465  Arnold  St., 

GSiicago  Heid^ts,  Dl. 
Holmes  A  Bros.,  inc..  Robt..  30  N.  Hasd  St.. 

DanTille.  lU. 

Separators,  Magnetic 

Buchanan  Co.,  C.  Q.,  00  West  St..  New  York 
City. 

Shaft  Sinking  and  DcTelopment  Work 

Lonjorear  Co.,   E.  J.,  710  Security   Bldg., 
Minnes polls,  Minn. 

Sharpeners,  Drill 

benver  Rock  Drill  Mfg.  Co.,  Denrer,  C6ko. 
SulUvan  Maohinefy  Co.,  122  So.  Bfiehigan 
Ave.,  (^oago,  lU. 

SiUca  Brick 

Harbison-Walker  Refractories  Co..  Farmera' 
Bank  Bldg..  Pittsburgh.  Pa. 

Skip  Hoists  (See  Hoists,  Skip) 

Macomber  ft  Whyte  Rope  Co..  KenoahsLWis. 
Roebling's  Sons  Co..  John  A.,  Trenton,  N.  J. 

Slime  Filters  (See  Filters) 

Smelters 

Vogdstein  ft  Co..  Inc.  L.,  42  Broadway, 
New  York  (Sty. 

Smelting  Machinery 

AUis-Chalmers  Mfg.  Co..  Milwaukee.  Wis. 
Colorado  Iron  Works  COy  Denver,  C?olo. 
Traylw  Engineering  ft  Mfg.  Co..  Allentowa. 

Pa. 
Worthington  Pump  ft  Machinery  Corp'n.. 

115  Broadway.  New  York  Oty. 

Soda  Ash 

HeU  diemical  0>..  Henry.  210-214  8. 4th  St. 
St.  Louis.  Mo. 

Spelter 

niinob  Zinc  Co.,  Peru,  UL 

Spiegeleisen 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg.,  Phila- 
delphia, Pa. 

Sprockets 

American  Manganese  Steel  Co..  MeCormi^ 
Bldg..  Chicago.  lU. 

Stamp  Mill  Parte 

American  Manganese  Steel  Co..  MoCormiek 

Bldg.,  Chicago,  111. 
Chalmers  ft  Williams,  Inc.,  CSiicago  Heitihts, 
lU. 


Worthington    Pump  ft  Machinery  Corp'n.. 
115  Broadway,  New  York  City. 

(58)  [Please  mention  this  bullbtxm  when  writing  advertisers.] 


BULLETIN,  A.  I.  M.  E.— ADVERTISING  SECTION 

Bulletin  of  the 

American  Institute  of 

Mining  Engineers 


HE  BULLETIN  of  the  American  Institute  of 
Mining  Engineers^  the  officia'  publication  of  the 
Institute,  is  published  monthly  and  averages  260 
pages  each  issue. 

It  contains  the  first  publication  of  the  professional  and 
technical  papers  of  the  Institute,  notices  and  reports  of  meet- 
ings, timely  reports  of  the  activities  of  Engineers  in  general, 
especially  in  connection  with  governmental  work,  accessions 
of  books  to  the  Library,  and  other  current  news  and  technical 
material  of  interest  in  connection  with  mining  and  metallur- 
gical operations. 

The  circulation  of  each  issue  of  the  Bulletin  averages  7000 
copies,  including  the  entire  membership  of  the  Institute.  This 
distribution  may  be  justly  regarded  as  a  preferred  list  of  the 
leading  Mining  Engineers;  Mine  Managers;  Superintendents; 
Managers  of  ore  and  coal  dressing  nulls,  and  of  smelting  and  re- 
fining plants;  Operating  Executives  of  steel,  copper,  and  other 
metal  plants;  Metallurgists;  Mining  Geologists;  and  others 
prominently  identified  with  the  entire  range  of  mining  and 
the  refining  of  all  varieties  of  mine  products. 

The  Bulletin,  aside  from  its  position  as  the  official  organ  of 
the  Institute,  has  a  special  field  of  service  in  that  it  is  the  only 
periodical  in  America  which  covers  all  phases  of  mining  activi- 
ties— ^metals,  both  ferrous  and  non-ferrous;  coal;  non-metallic 
minerals,  etc.  This,  combined  with  the  distinctive  character 
of  its  circulation  and  the  purchasing  power  of  its  readers  makes 
the  Bulletin  an  exceptionally  effective  medimn  in  which  to  ad- 
vertise mining  and  metallurgical  equipment  and  supplies. 


American  Institute  of  Mining  Engineers 


29  West  39th  Street, 


New  York,  N.  Y, 


[Pleaae  mention  this  bullstxn  when  writing  ftdvertiaen.] 
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SteeL  Drill*  Hollow  and  Solid 

OenTer  Rook  Drill  Mfg.  Co.,  Donvw,  Colo. 
International  High  Speed  Steel  Co.,  09  Nae- 

■an  St..  NewYork.  N.  Y. 
SulliYan  Maohinery  Co.,  122  So.  Miohican 

Ave.,  Chieaco.  ID. 

SteeL  Tool 

iDternational  Hi«h  Speed  Steel  Co..  90  Naa- 
aau  St..  NewYork,  N.  Y. 

Stokera 

Weitinahouae  Eleotrie  dt   Mfg.   Co.,  Eaat 
Plttaburgh.  Pa. 

Switchboardi 

General  Eleetrio  Co.,  Soheneotady.  N.  Y. 
Weatincfaouae  Eleotrie   4   Mfg.   Co.,   Eaat 
Pittsburgh,  Pa. 

TaUea,  Concentratiiig  (See  Concentratora) 

Teat  Lead 

Heil  Chea^ioal  Co.,  Henry.  210-214  S.  4th  St., 
St.  Louia,  Mo. 

Thawera,  Switch 

Maeleod  Co.,  Bogen  St.,  dnoinnati,  Ohio. 

Tharmometera 

Heil  Chemieal  Co..  Henry.  210-214  S.  4th  St., 
St.  Louia,  Mo.  , 

Thickenera,  Slime 

Colorado  Iron  Works  Co.,  Denver.  Colo. 
Dorr  Co.,  Denver,  Colo. 

Tipple  Machinery  Bqaipment 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Columbus, 
Ohio. 

Torehea,  Cttttinf  and  Welding 

Maeleod  Co.,  Bogen  St.,  dnoinnati,  Ohio. 

Towers  and  Bridges,  Stocking  and  Reclaiming 
Robina  Conveying  Belt  Co..  Park  Row  Bldg., 
New  York  aty. 

Tramways,  Wire  Rope,  Aerial 

Lesohen  A  Sons  Rope  Co.,  A.,  020  N.  let  St., 

St.  Louis.  Mo. 
Macomber  A  Whyte  Rope  Co..  Kenosha.Wis. 
Roebling's  Sons  Co..  John  A.,  Trenton,  N.  J. 

Tranaf ormers.  Electric 

General  filectrio  Co.,  Soheneotady,  N.  Y. 
Westinghouse   Electric   A   Mfg.    Co.,   Eaat 
Pittsburgh,  Pa. 

Traps,  Steam 

Johns-ManviUe  Co^  H.  W.,  206  Madison 
Ave.,  New  York  City. 

Tongatate  of  Ammonia 

JPrimoB  Chemical  Co.,  Primos,  Pa. 

Tongatate  of  Soda 


.ongs 
Pi 


rimes  Chemical  Co.,  Primoe,  Pa: 

Tungaten  Metal 

Xavino  and  Co.,  E.  J..  Bullitt  Bldg.,  Phila- 
delphia. Pa. 
Primoe  Cnemioal  Co.,  Primoa,  Pa. 

Tungsten  Ore 

Lavino  and  Co.,  E.  J.,  Bullitt  Bldg..  Phila- 
delphia, Pa. 


Tnngsten  Ore.  Bu^era  of 

Primoa  Qiemical  Co.,  Primoa,  Pa. 

Tongslic  Add 

Lavino  and  Co.,  E.  J.,  BoUitt  Bldg..  Phila- 
delphia, Pa. 
Primos  Cnemioal  Co.,  Primoa,  Pa. 

Tnrbinea,  Hydranlic 

Allia-Chalmen  Mfg.  Co..  MilwaiikM,  Wia. 


Tnrbinea,  Steam 

Allia-Chalmera  Mfg.  Co.,  Blilwankae,  Wis. 
Do  Laval  Steam  Turbine  Co.,  Trenton,  N.  J. 
General  Eleetrio  Co.,  Seheneetady,  N.  Y. 
WeatinghouwB  Eleotrie   A  Mfg.   Co.,  Eaat 
Pittebnrgh.  Pa. 

Valvea,  Air 

Denver  Hydro  Co.,  3100  Stuart  St.,  Denver, 
Colo. 

Valvea,  Plug 

The  Merrill  Co.,  121  Seoond  St,  San  Ftaa- 
ciaoo,  CaL 

Valvea,  Pump 

Goodrion  Rubber  Co..  B.  F..  Akron,  O. 

Vanadate  of  Ammmria 

Primoa  Chemieal  Co.,  Primoa,  Pa. 

Vanadic  Acid 

Primoa  Chemieal  Co.,  Primes,  Pa. 

Vanadium  Chloride 

Primoa  Chemical  Co.,  Primoa,  Pa. 

Vanadlnm  Ore,  Bayers  of 

Primos  Chemical  Co.,  Primoa,  Pa. 

Ventilating  Fana  (See  Fans,  Ventilatiag) 

Wagon  Loaders 

Jeffrey  Mfg.  Co.,  002  N.  4th  St..  Colambos. 
Ohio. 

Weigh  Hoppers  (See  Hoppers,  Weigh) 

Wheels 

American  Manganese  Steel  Co.,  MeCormiek 
Bldg.,  Chicago,  111. 

Wheels.  Mine  Car 

Fimer-Lehigh  Co.,  Fullerton,  Pa. 

Wire,  Iron.  Steel  and  Copper 

Roebhng's  Sons  Co.,  John  A.,  IVenton,  N.  J. 

Wire  Mechanism  (Lever  Control) 

Gwilliam  Co.,  253  W.  68th  St..  New  York 

aty. 

Wire  Rope  (See  Rope,  Wire) 

Wires  and  Cables,  Electrical 

General  Electric  Co..  Seheneetady.  N.  Y. 
Goodrich  Rubber  Co.,  B.  F.,  Akron,  O. 
Roebling's  Sons  0>.,  John  A.,  Trenton,  N.  J. 

Zinc  Dust 

Vogelstan  A  0>.,  Inc.,  L.,  42  Broadway 
New  York  City. 

Zinc  Precipitant 

The  Merrill  Co.,  121  Seoond  St.,  Skn  F^as- 
cboo,  CuX. 

Zinc  Sheet 

Illinois  Zinc  Co.,  Peru.  111. 


SANE)    MINK 

Pure  white  silica  producing  very  fine  glass  of  a  very  low  density. 
Would  sell  mine  and  property — 155  hectares — (about  382  acres)  or 
mine  alone.    Write  to  Arnaud,  Beauvillard.   Varages  (Var),  France. 
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WALTER  H.  ALORIOGE 

ContttWag  Ulning  tad 
U  Wan  8lr««t                        HXW  YORK 

ROBERT  H.  RICHARDS 

Ore  Dressing 
Massachusetts  Institute  of  Technology 

BOSTON.  MASS. 

A.  CHESTER  BEAHY 

ComiMig  MMng  Fnihioiir 

25  Broad  Street 

NEW  YORK,  N.  Y. 

CabU  Addr«e 

finyiltie 

JOHN  HAYS  HAMMOND 

Contultlnf  Engtaoor 
120  BiOMlway                 NEW  YORK 
Code:  B^ordrMcNM 

H.  KENYON  BURCH 

HecbMkal  aid  Mctallirgical  Eiflieer 

Cue  The  Biem  Madre  Clab 

L.  A.  lBT«itm«at  Bldf . 

Lot  AnffeUa*  Oalifomla 
Daaisiier  and  BuUder  of 
Power,  HoiatiiiCi  PnmDinc, 
Cmafainc  and  MilUikc  rlanU. 

BpeeialtiM:  Coneentration  of  Orea, 

Eeonomio  Handling  of  Materials 

ABBOT  A  HANKS 

Chemist  and  Atsayer 

EsUblished  1866 

Control  and  Umpire  Assays.  Supervi- 
sion of  Sampling  at  Smelters,  Chemical 
Analyses  of  Ores,  Minerals,  Mineral 
Waters,  etc. 

(30  Sacraaeitt  St.       San  Francisco,  Cal. 

J.  PARKE  CHANNING 

Comultliif  EngtaMT 

,  61  Bboadwat                  new  YORK 

• 

LEDOUX  &  COMPANY 

Aeeayers  and  Samplars 

99  John  Street                   NEW  YORK 

Independent  Ore  and  Metal  Samplers. 

Representatires  at  all  Refineries  and 
Smelters  on  Atlantic  Seaboard. 

A.  B.  FOSTER 

M.  S.  In  Chemistry 

Specialist  in  Chemical  and  Metallargical 
Patents  and  Applications,  Involving  Proc- 
esses and  Products.   Seardies  and  Opinions 
as    to    Novelty,   Validity.   Infringement. 
Collections  of  Patents  on  Particular  Arts, 
Etc 

Bz-examtner  in  Chemical  Division,  U.  S. 
Patent  Office. 

533  Victor  BMg.    -    WASHINfiTON.  0.  C. 

GEORGE  WARREN  TOWER,  JR. 

and  Asaoolatoa 
Consurang  Ooologlsts  and  Mhiing  Englnssrs 

Examination,  Development  and  Manage- 
ment Properties  Gold.  Silver.  Copi>er  and 
Minerals  tor  Making  Alloy  Steels. 

134  Woodland  Ave. 
NEW  ROCHEUE,  NEW  YORK 

GENERAL  BRIQUETTING  CO. 

CONSULTIlfO  ENOINBBRS 

26  Broad  Street 
miw  TORK 

Specialists  in  the  Briquetting  of 
Ores,  Coals,  Metals,  Concentrates,  Etc. 

1 . 

POPE  YEATMAN            EDWRI  S.  BERRY 

POPE  YEATMAN 

Consuning  Mntag  EnghMsre 

Examination,  Development  and 
Management  of  Properties, 
ftoom  1601 

80  Broadway,  Nour  York 

Cable:                        Code: 

Ikona                 Bedford-McNeill 
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ALPHABETICAL  LIST  OF  ADVERTISERS 

(With  Summary  of  Products) 
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pAoa 
AUis-Chalmers  Mfg.  Co 31 

ADDRESS:  MUwaidcee.  Wia. 
PRODUCTS:  Mining  Maohinezy  of  Every 
Tsrpe.     Complete    Power    and    Eleotzicau 
Equipments. 

American  Manganese  Steel  Co * 

ADDRESS:  MoCormiok  Building,  Chi- 
cago, 111. 

PRODUCTS:  Casting!  for  Mining  Ma- 
ohinery  Parts. 

Atlas  Powder  Co 9 

ADDRESS:  Wilmington,  Del. 
PRODUCTS:  Manufacturers  of  Ezploaives. 

Buchanan  Co.,  C.  G 33 

ADDRESS:  90  West  St.,  New  York  City. 
PRODUCTS:  Crushing  and  Magnotie  Con- 
centrating Plants  Complete  in  AU  Detidle. 
Rook  and  Ore  Crushen,  Crushing  Rolls, 
Magnetic  Separators,  Revolving  Screens, 
Bucket  Elevators,  Ore  Feeders. 

Chalmers  &  Williams,  Inc 34 

ADDRESS:  1466  Arnold  St.,  Chicago 
Heighto.  IlL 

PRODUCTS:  Mining  and  Crushing  Ma- 
chinery. 

Colorado  Iron  Works  Co., 

Inside  Front  Cover 

ADDRESS:  Denver,  Colo. 
PRODUCTS:    Complete    Equipment    for 
Cyanide    and    Concentrating    Mills    and 
Smelting  Plant^. 

Deister  Concentrator  Co * 

ADDRESS:  Ft.  Wayne,  Ind. 
PRODUCTS:     Deister.     Overstrom     and 
Deistex^Overstrom  Tables  in  either  Single 
or  Double  Deck  Types. 

DeLaval  Steam  Turbine  Co 17 

ADDRESS:  Trenton,  N.  J. 
PRODUCTS:  Turbine  Driven  Machinery, 
Steam  Turbines,  Air  and  Oas  Compressors 
and  Blowers,  Centrifugal  Pumps,  Turbo- 
generators. 

Denver  Hydro  Co 21 

ADDRESS:  3100  Stuart  St.,  Denver.  Colo. 
PRODUCTS:  HydrauUc  Air  Compressors, 
Excelsior  Airometers,  The  Sentinel  Auto- 
matic Valve. 

Derby,  Jr.,  E.  L.,  Agent * 

ADDRESS:  Ishpeming,  Mich. 
PRODUCTS:  The  Mass  Drill  Hole  Com- 
pass for  determining  direction  and  dip. 

Dorr  Co 38 

ADDRESS:  Denver,  Colo. 
PRODUCTS:  Machinery  in  use  for  Cyanid- 
ing.     Wet  Gravity   Concentration,    Flota- 
tion, Leaching  Copper  Ores  and  many  non- 
metaUurgicallndustrial  processes. 

Du'Pont  de  Nemours  &  Co.,  £.  I.,  44,  45 

ADDRESS:  WUmington,  Del. 
PRODUCTS:  Explosives,  Blasting  Powder, 
Dynamite,  etc. 

Epping-Carpenter  Pump  Co 19 

ADDRESS:  PitUburgh.  Pa. 
PRODUCTS:    Pumping    Machinery    and 
Condensers. 


Faoi 


Flory  Mfg.  Co.,  S ♦ 

ADDRESS:  Bangor,  Pa. 
PRODUCTS:     Mine     and     ContraeUm' 
Hoists,    CaUew&vs^    Capstans,    Wlnohea, 
Marine  Railway  Hoasts,  eto. 

FuUer-Lehigh  Co 37 

ADDRESS:  FuUerton.  Pa. 
PRODUCTS:  The  Full^Lebi^  Pulveriser 
Mill,  Cement  Afill  Machinery,  Powderad 
Coal  Equipment,  QyraUny  (Pushers.  Roll 
Crushers.  Rotary  Dryers,  Car  Wheefa  and 
Axles,  Chemieal  Citings.  Charooal  Iron 
Castings,  Chilled  Castinffs. 

General  Electric  Co., 

51,  Outside  Back  Ck>ver 

ADDRESS:  Schenectady.  N.  Y. 
PRODUCTS:  Electric  Mine  Loeomo«ivea. 
Eleotrio    Motors    for    Operating    Mining 
Machinery. 

Goodrich  Rubber  Co.,  B.  F., 

Inside  Back  Cover 

ADDRESS:  Akron,  O. 
PRODUCTS:        Goodrich        "Langaife,** 
"Dredge,**    Vanner,    Take-off    and    Mm^ 
netio  Separator  Conveyor  Belts. 

Gwilliam  Co 55 

ADDRESS:  25Z  W.  58th  St.,New  York  a^. 
PRODUCTS:  Ball  and  RoUer  Beaiinn. 
The  Bowden  Patent  Wire  Mechanism  for 
the  Transmission  of  Reciprooatinc  Motion 
Through  a  Flexible  and  Tortuous  Koute. 

Harbison- Walker  Refractories  Co ^ 

ADDRESS:  Pittsburg,  Penna. 
PRODUCTS:  Refractories  for  Blast 
Furnace  and  the  Open  Hearth,  Electiieal 
Furnaces,  Copper  Smelting  Plants,  Lead 
Refineries,  Nickel  Smelters,  Silver  SMmes 
and  Dross  Furnaces,  Alloy  Furnaces,  as  weO 
as  all  other  types  iti*uBe  in  the  varioaB 
metall^rgical  prooeeses. 

Heil  Chemical  Co.,  Henry 57 

ADDRESS:  210-214  S.  4th  St.,  St.  Louis, 

Mo. 

PRODUCTS:    Chemicals    and    Oiemical 

Apparatus.     Supplito  for  Mines,  Smelten. 

Iron  and  Steel  Works,  Schools,  Coll^ea,  and 

Universities. 

Hercules  Powder  Co 11 

ADDRESS:  Wilmington,  DeL 
PRODUCTS:  Explosives,  Blasting  Powder, 
Dynamite,  eto. 

Holmes  &  Bros.,  Inc.,  Robt 13 

ADDRESS:  80  N.  Basel  St.,  Danville.  IlL 
PRODUCTS:  Engineers,  Founders,  Mar 
chinists  and  Boiler  Makers.  Builders  of 
Hobting  and  Haulage  Eiuanes,  Shake 
Screens  and  Weigh  Hoppers,  Self  X>umpuig 
Cages  and  Empty  Car  ISf  ts.  Mill  and  Mine 
Supplies. 

nUnois  Zinc  Co 39 

ADDRESS:  Peru,  lU. 

PRODUCTS:    Spelter,    Sheet    Zine    and 

Sulphuric  Add. 

International  High  Speed  Steel  Co. . .    7 

ADDRESS:  99  Nassau  St.,  New  York  aty. 
PRODUCTS:  Drill  Steel,  Tool  Steel,  Dnll 
Rods. 


'Advertisement  does  not  appear  in  this  issue,  but  products  are  listed  in  Classified  List  of  Mining 
and  Metallurgical  Equipment. 
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Jeffrey  Mfg.  Co 23 

ADDRESS:  902  N.  Fourth  St.,  Columbus, 
O. 

PRODUCTS:  Electrio  Coal  Cutters  and 
Drills;  Electric  and  Storage  Battery  Loco- 
-  motives;  Coal  Tipple  Machinery  IndudinK 
Elevators,  Conveyors,  IMckinc  Tables  and 
Leading  Booms,  Car  Hauls,  Car  Dumps, 
Screens,  Crushers,  Pulverisers,  Fans,  Hoists, 
etc. 

Johns-Manville  Co.,  H.  W 47 

ADDRESS:  New  York  aty. 
PRODUCTS:  Asbestos  and  Rubbei^tsrpe 
Roofings,  Roof  Coating,  Steam  Paddngs, 
Pipe  InBuIations,  Cements,  Brake  Linins 
and  Brake  Blocks,  Steam  Traps,  Third  RaU 
Insulators,  BAine  Hangers,  Moulded  Mica 
Weatherproof  Sockets,  ^ectrioal  Tapes  and 
Fuses. 

Kulamagpo  Railway  Supply  Co 64 

ADDRESS:  Kalamasoo,  Mich. 
PRODUCTS:    Railway    and    Contractors 
Supplies,  Motor  Cars,  Pressed  Steel  Car 
Wheels,  Traok  Drills,  Rock  Drills. 

Lavino  ft  Co..  E.  J 40 

ADDRESS:  BuUitt  Bids.,  Philadelphia,  Pa. 
PRODUCTS:  Ores:  Manganese,  Chrome, 
Iron,  etc.  Ferro  Alloys  and  Metals. 
Pig  Iron. 

Leschen  ft  Sons  Rope  Co.,  A 25 

ADDRESS:  St.  Louis.  Mo. 
PRODUCTS:  Wire  Rope  for  aUpurposes, 
including  Hercules  Red  Strand  Wire  Rope, 
and  Wire  Ropes  of  Patent  Flattened  Strand 
and  Lockea  Coil  constructions.  Aerial 
Wire  Rope  Tramways  for  economical  trans- 
portation of  materid. 

Loi^ear  Co.,  E.  T * 

ADDRESS:  710  Security  Bldg.,  Minne- 
apolis, Minn. 

PRODUCTS:  Contract  Diamond  Drilling, 
Manufacture  of  Diamond  Drills  and  Sup- 


plies. Shaft  Sinking  and  Development 
Work,  Geological  Department. 

Macleod  Co ♦ 

ADDRESS:  Bogen  St.,  Cincinnati,  Ohio. 
PRODUCTS:  Oxy- Acetylene  Cutting  A 
Welding  Apparatus,  for  mine  repair  work, 
also  portable  oil  burners  for  same  purpose, 
metaUurgical  furnaces,  carbide  lights,  ana 
sand  blast  outfits. 

Macomber  ft  Whyte  Rope  Co 27 

ADDRESS:  Kenosha,  Wis. 
PRODUCTS:  Monarch  Whyte  Strand  Wire 
Rope,  Patent  Kilindo  Non-Rotating  Wire 
Rope.  Wire  Rope  of  all  Grades  and  Con- 
structions. Patent  Monarch  Mine  Car 
Hitohings. 

MerriU  Co 29 

ADDRESS:  121  Second  St.,  San  Francisco, 

Cal. 

PRODUCTS:       Precipitation       Processes, 

Slime     Filters,     Zinc     Precipitants,     Plug 

Valves. 

Mine  ft  Smelter  Supply  Co 

ADDRESS:  42  Broadway.  New  York  City. 
PRODUCTS:  Manufacturers  of  Mining, 
Milling,  Smelting  and  Crushing  Machinery. 

Nordberg  Mfg.  Co 15 

ADDRESS:  MUwaukee,  Wis. 
PRODUCTS:  Corliss  Engines;  Uniflow 
Engines:  Poppet  Valve  Engines;  Diesel  Type 
Engines;  Air  Compressors;  Blowing  Engines; 
Hoisting  Engines;  Pumping  Engines  and 
other  Machinery. 
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Primos  Chemical  Co 41 

ADDRESS:  Primos.  Pa. 
PRODUCTS:  Molybdenum,  Tungsten  and 
Vanadium    Products.     Buyers   of    Molyb- 
denum, Tungsten  and  Vanadium  Ores. 

Robins  Conveying  Belt  Co 49 

ADDRESS:  Park  Row  Bldg..  New  York 
City. 

PRODUCTS:  Belt  Conveyors,  Bucket  Ele- 
vators, Ore  Bedding  S3«tems,  Unloading. 
Stocking  and  Reclaiming  Towers  and 
Bridges,  Conveyor  Auzilianes. 

Roebling'8  Sons  Co.,  John  A * 

ADDItESS:  Trenton,  N.  J. 
PRODUCTS:  Wire  Rope  for  Mining  Work. 
Stock  shipments  from  agencies  and  branches 
throughout  the  country. 

Roessler  ft  Hasslacher  Chemical  Co.  42 

ADDRESS:  100  William  St..  New  York. 
PRODUCTS:  Cyanide  of  Sodium  and  Other 
Chemicals  for  Mining  Purposes. 

Rttggles-Coles  Engineering  Co * 

ADDRESS:  60  Church  Street.  New  York. 

of      the 


PRODUCTS:      Manufacturers 
Rugjriee-Coles    Dryer    for 
Powdered  Coal  Equipment. 

Sullivan  Machinery  Co 


Rug^ee-Coles    Dryer    for    All    Materials, 
wde 
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ADDRESS:  122  S.  Michigan  Ave.,  Chicago, 

ni. 

PRODUCTS:  Coal  Pick  Machines,  Air 
Compressors,  Diamond  Core  Drills,  Rock 
Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Fans. 

Traylor  Engineering  ft  Mfg.  Co 

ADDRESS:  Alltentown.  Pa. 
PRODUCTS:    Manufacturers   of    Mining, 
Milfing,  Smelting  and  Crushing  Machinery. 

Vogelstein  ft  Co.,  Inc.,  L 43 

ADDRESS:  42  Broadway,  New  York. 
PRODUCTS:   Buyers,   Smelters  and   Re- 
finers of  Ores  and  Metals  of  all  classes. 

Vulcan  Iron  Works 5 

ADDRESS:  Wilkee-Barre,  Pa. 
PRODUCTS:  Vulcan  Electric  Mine  Hoists, 
Steam     Hoists,     Hoisting     and     Haulage 
Engines,  Mining  Machinery,  etc.     Nichol- 
son Device  for  Prevention  of  Overwinding. 

Wedge  Mechanical  Furnace  Co * 

ADDRESS:  Greenwich  Point,  Philadelphia, 

Pa. 

PRODUCTS:     The     Wedge     Mechanical 

Roasting  Furnace  (Patented). 

Westin^ouse  Electric  ft  Mfg.  Co. . .  53 

ADDRESS:  East  Pittsburgh,  Pa. 
PRODUCTS:  The  Baldmn-Westinghouse 
Electric      Mine     Locomotives.     Electrical 
Machinery:  Turbines,  Generators,  Motors, 
eto. 

Wood  Equipment  Co * 

ADDRESS:  McCormick  Bldg.,  Chicago.  111. 
PRODUCTS:  The  Pneumatic  Rotary 
Dump  (Wood  and  Ramsay  Patents). 
Adaptable  to  aU  mining  conditions^— old  or 
new  operations. 

Worthington  Pump  and   Machinery 

Corp'n 36 

ADDRESS:  115  Broadway.  New  York. 
PRODUCTS:  LaidUw  Feather  Valve  Air 
Compressors,  Direct  Acting  and  Centrifugal 
Pumpe,  Power  Pumps,  Rook  and  Ore 
Crushers,  Crushing  Rolls,  Tube  Mills. 
Converters.  Woodbury  Jigs. 
Engines. 


IDS      JlOlllB, 

Snow    Oil 


^Advertisement  does  not  appear  in  this  issue,  but  products  are  listed  in  CSassified  List  of  Mining 
smd  Mettallurgical  Equipment. 
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Kalamazoo  Motor  Cars 

FOR  SURFACE  USE 


Indispensable  to  mines  maintaining  rail  connection  between 
several  properties  or  from  mine  to  mill  and  shipping  point. 

W^  manufacture  all  types  from  the  one  man  inspection  car 
to  the  twenty  man  work  car;  construction  cars  seating  eight 
to  twenty-four  men  with  equal  capacity  on  trailer;  also  tractors 
up  to  ten  tons  capacity. 

Our  No.  25-E  equipped  with  Electric  Generator  and  ten 
portable  flood  lights  is  invaluable  for  construction  and 
emergency  night  work  where  brilliant  illumination  is  desired. 


e  cany  in  stock  a.  full  line  of  Velocipedes, 

THE  MOORE  TRACK  DRILL 

FOR  nSB  PLATE  AMD  BOHDIHO 

THE  JACKSON  ONE  MAN  ELECTRIC  ROCK  DRILL 


Kalamazoo  Railway  Supply  G). 

Kalamazoo,  Mich.,  U.  S.  A. 
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